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10 (iv) TABLA DE CORRESPONDENCIA DE REIVINDICACIONES  

Reivindicaciones en la solicitud en Colombia 
(NOTA. LAS REIVINDICACIONES ACÁ INDICADAS 
CORRESPONDEN A AQUELLAS MODIFICADAS EN 

MODIFICACIÓN VOLUNTARIA PRESENTADA EL 26 DE 
ABRIL DEL 2019) 

 

Reivindicaciones otorgables en la Solicitud Europea No.  

16801872.9 
Explicación sobre la suficiente correspondencia ó 
Comentarios que explican la correspondencia 

1. Un método para habilitar múltiples numerologías en 

una red,  

en donde la numerología se refiere a un conjunto de 

parámetros numéricos que describen aspectos de la 

interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de 

subportadoras, la longitud de los símbolos OFDM, la 

longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la 

longitud de la trama, 

el método es realizado por un equipo de usuario, y 

comprende: 

recibir (S110) información del sistema en un canal de 

difusión con una primera numerología; 

determinar (S120) un primer espacio de búsqueda a 

partir de la información del sistema recibida, donde el 

primer espacio de búsqueda es un espacio de búsqueda 

común; y 

1. Un método para habilitar múltiples numerologías en 

una red,  

en donde la numerología se refiere a un conjunto de 

parámetros numéricos que describen aspectos de la 

interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de 

subportadoras, la longitud de los símbolos OFDM, la 

longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la 

longitud de la trama, 

el método es realizado por un equipo de usuario, UE, y 

comprende: 

recibir (S110) información del sistema en un canal de 

difusión con una primera numerología; 

determinar (S120) un primer espacio de búsqueda a 

partir de la información del sistema recibida, donde el 

primer espacio de búsqueda es un espacio de búsqueda 

común; y 

Iguales 
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recibir (S130) información adicional programada en el 

primer espacio de búsqueda con una segunda 

numerología diferente de la primera numerología, en 

donde la segunda numerología se indica en la 

información del sistema recibida y la información 

adicional del sistema comprende referencias a uno o más 

espacios de búsqueda. 

recibir (S130) información adicional programada en el 

primer espacio de búsqueda con una segunda 

numerología diferente de la primera numerología, en 

donde la segunda numerología se indica en la 

información del sistema recibida y la información 

adicional del sistema comprende referencias a uno o más 

espacios de búsqueda. 

2. El método de acuerdo con la reivindicación 1, en el 

que la etapa de recibir (S110) comprende además 

detectar información del sistema. 

2. El método de acuerdo con la reivindicación 1, en el 

que la etapa de recibir (S110) comprende además 

detectar información del sistema. 

Iguales 

3. El método de acuerdo con una cualquiera de las 

reivindicaciones 1 a 2, que comprende: 

recibir información de sincronización (S100) para un 

canal de difusión antes de recibir (S110) en el canal de 

difusión. 

3. El método de acuerdo con una cualquiera de las 

reivindicaciones 1 a 2, que comprende: 

recibir información de sincronización (S100) para un 

canal de difusión antes de recibir (S110) en el canal de 

difusión. 

Iguales 

4. El método de acuerdo con cualquiera de las 

reivindicaciones precedentes, en el que la información 

adicional programada del sistema en el primer espacio 

de búsqueda es una o más de las siguientes: 

programación de información de paginación, respuestas 

de acceso aleatorio, programación de espacios de 

búsqueda adicionales. 

4. El método de acuerdo con cualquiera de las 

reivindicaciones precedentes, en el que la información 

adicional programada del sistema en el primer espacio de 

búsqueda es una o más de las siguientes: programación 

de información de paginación, respuestas de acceso 

aleatorio, programación de espacios de búsqueda 

adicionales. 

Iguales 
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5. El método de acuerdo con una cualquiera de las 

reivindicaciones 1 a 4, en el que la etapa de 

determinación comprende además determinar un 

segundo espacio de búsqueda con una tercera 

numerología. 

5. El método de acuerdo con una cualquiera de las 

reivindicaciones 1 a 4, en el que la etapa de 

determinación comprende además determinar un 

segundo espacio de búsqueda con una tercera 

numerología. 

Iguales 

6. Un método para habilitar múltiples numerologías en 

una red,  

en donde la numerología se refiere a un conjunto de 

parámetros numéricos que describen aspectos de la 

interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de 

subportadoras, la longitud de los símbolos OFDM, la 

longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la 

longitud de la trama, 

el método es realizado por una estación base, y 

comprende: 

enviar (S210) información del sistema en un canal de 

difusión con una primera numerología; y  

enviar (S220) información adicional en un primer 

espacio de búsqueda con una segunda numerología 

diferente de la primera numerología, en donde la 

segunda numerología se indica en la información del 

6. Un método para habilitar múltiples numerologías en 

una red,  

en donde la numerología se refiere a un conjunto de 

parámetros numéricos que describen aspectos de la 

interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de 

subportadoras, la longitud de los símbolos OFDM, la 

longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la 

longitud de la trama, 

el método es realizado por una estación base, BS, y 

comprende: 

enviar (S210) información del sistema en un canal de 

difusión con una primera numerología; y  

enviar (S220) información adicional en un primer 

espacio de búsqueda con una segunda numerología 

diferente de la primera numerología, en donde la 

segunda numerología se indica en la información del 

Iguales 



PI02-F20 Vr3 (2017-07-31) 

sistema recibida y la información adicional del sistema 

comprende referencias a uno o más espacios de 

búsqueda. 

sistema recibida y la información adicional del sistema 

comprende referencias a uno o más espacios de 

búsqueda. 

7. El método de acuerdo con la reivindicación 6, en el 

que el primer espacio de búsqueda se indica en la 

información del sistema enviada. 

7. El método de acuerdo con la reivindicación 6, en el 

que el primer espacio de búsqueda se indica en la 

información del sistema enviada. 

Iguales 

8. Un equipo de usuario (UE) para habilitar múltiples 

numerologías en una red,  

en donde la numerología se refiere a un conjunto de 

parámetros numéricos que describen aspectos de la 

interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de 

subportadoras, la longitud de los símbolos OFDM, la 

longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la 

longitud de la trama, el equipo de usuario UE (1) 

comprende: 

un procesador (10) que almacena instrucciones que, 

cuando son ejecutadas por el procesador, hacen que el 

UE: 

reciba (S110) información del sistema en un canal de 

difusión con una primera numerología; 

8. Un equipo de usuario (UE) para habilitar múltiples 

numerologías en una red,  

en donde la numerología se refiere a un conjunto de 

parámetros numéricos que describen aspectos de la 

interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de 

subportadoras, la longitud de los símbolos OFDM, la 

longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la 

longitud de la trama, el equipo de usuario UE (1) 

comprende: 

un procesador (10); y un programa de computadora (12, 

13) que almacena instrucciones que, cuando son 

ejecutadas por el procesador, hacen que el UE: 

reciba (S110) información del sistema en un canal de 

difusión con una primera numerología; 

Similares 
En la modificación voluntaria presentada el 26 de abril de 
2019, se eliminó la expresión “y un programa de 
computadora (12, 13)”, la cual hacía referencia a materia 
no patentable y así dar claridad a la invención. 



PI02-F20 Vr0 (2013-05-09) 

determine (S120) un primer espacio de búsqueda a partir 

de la información del sistema recibida, donde un primer 

espacio de búsqueda es un espacio de búsqueda común; 

y  

reciba (S130) información adicional del sistema en el 

primer espacio de búsqueda con una segunda 

numerología diferente de la primera numerología, en 

donde la segunda numerología se indica en la 

información del sistema recibida y la información 

adicional del sistema comprende referencias a uno o más 

espacios de búsqueda. 

determine (S120) un primer espacio de búsqueda a partir 

de la información del sistema recibida, donde un primer 

espacio de búsqueda es un espacio de búsqueda común; 

y  

reciba (S130) información adicional del sistema en el 

primer espacio de búsqueda con una segunda 

numerología diferente de la primera numerología, en 

donde la segunda numerología se indica en la 

información del sistema recibida y la información 

adicional del sistema comprende referencias a uno o más 

espacios de búsqueda. 

9. Una estación base (BS) para habilitar múltiples 

numerologías en una red, en donde la numerología se 

refiere a un conjunto de parámetros numéricos que 

describen aspectos de la interfaz de radio de 

multiplexación por división de frecuencia ortogonal 

(OFDM), como el espaciado de subportadoras, la 

longitud de los símbolos OFDM, la longitud del prefijo 

cíclico, la cantidad de símbolos por subtrama o ranura, 

la longitud de la subtrama y la longitud de la trama,  

la BS (2) que comprende:  

9. Una estación base (BS) para habilitar múltiples 

numerologías en una red, en donde la numerología se 

refiere a un conjunto de parámetros numéricos que 

describen aspectos de la interfaz de radio de 

multiplexación por división de frecuencia ortogonal 

(OFDM), como el espaciado de subportadoras, la 

longitud de los símbolos OFDM, la longitud del prefijo 

cíclico, la cantidad de símbolos por subtrama o ranura, la 

longitud de la subtrama y la longitud de la trama,  

la BS (2) que comprende:  

Similares 
En la modificación voluntaria presentada el 26 de abril de 
2019, se eliminó la expresión “y un programa de 
computadora (22, 23)”, la cual hacía referencia a materia 
no patentable y así dar claridad a la invención. 
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un procesador (20) que almacena instrucciones que, 

cuando son ejecutadas por el procesador, hacen que la 

BS: 

envíe (S210) información del sistema en un canal de 

difusión con una primera numerología; y  

envíe (S220) información adicional en un primer espacio 

de búsqueda con una segunda numerología diferente de 

la primera numerología, en donde el primer espacio de 

búsqueda es un espacio de búsqueda común, en donde 

la segunda numerología se indica en la información del 

sistema enviada y la información adicional del sistema 

comprende referencias a uno o más espacios de 

búsqueda adicionales. 

un procesador (20); y un programa de computadora (22, 

23) que almacena instrucciones que, cuando son 

ejecutadas por el procesador, hacen que la BS: 

envíe (S210) información del sistema en un canal de 

difusión con una primera numerología; y  

envíe (S220) información adicional en un primer espacio 

de búsqueda con una segunda numerología diferente de 

la primera numerología, en donde el primer espacio de 

búsqueda es un espacio de búsqueda común, en donde la 

segunda numerología se indica en la información del 

sistema enviada y la información adicional del sistema 

comprende referencias a uno o más espacios de 

búsqueda adicionales. 

10. Un medio de almacenamiento no-transitorio legible 

por computador que almacena instrucciones legibles por 

computador para habilitar múltiples numerologías en 

una red,  

en donde la numerología se refiere a un conjunto de 

parámetros numéricos que describen aspectos de la 

interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de 

subportadoras, la longitud de los símbolos OFDM, la 

longitud del prefijo cíclico, la cantidad de símbolos por 

10. Un programa de computadora (14, 15) para habilitar 

múltiples numerologías en una red, en donde la 

numerología se refiere a un conjunto de parámetros 

numéricos que describen aspectos de la multiplexación 

por división de frecuencias ortogonales, OFDM, interfaz 

de radio, tales como espaciado entre subportadoras, 

longitud de símbolo OFDM, longitud de prefijo cíclico, 

número de símbolos por subtrama o ranura, longitud de 

subtrama y longitud de trama, el programa de 

computadora comprende un código de programa de 

Esta es una nueva reivindicación que fue incluida en la 
modificación voluntaria presentada el 26 de abril 26 de 
2019, con el fin de eliminar la materia no patentable.  
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subtrama o ranura, la longitud de la subtrama y la 

longitud de la trama,  

las instrucciones legibles por computador que, cuando 

se ejecutan por un procesador de un equipo de usuario 

(UE), hacen que el UE: 

reciba (S110) información del sistema en un canal de 

difusión con una primera numerología; 

determine (S120) un primer espacio de búsqueda a partir 

de la información del sistema recibida, donde un primer 

espacio de búsqueda es un espacio de búsqueda común; 

y  

reciba (S130) información adicional programada en el 

primer espacio de búsqueda con una segunda 

numerología diferente de la primera numerología, en 

donde el primer espacio de búsqueda es un espacio de 

búsqueda común, en donde la segunda numerología se 

indica en la información del sistema enviada y la 

información adicional del sistema comprende referencias 

a uno o más espacios de búsqueda adicionales. 

computadora que, cuando se ejecuta en un equipo de 

usuario, hace que el usuario equipo para realizar el 

método de cualquiera de las reivindicaciones 1 a 5. 

11. Un medio de almacenamiento no-transitorio legible 

por computador que almacena instrucciones legibles por 

computador para habilitar múltiples numerologías en 

una red,  

11. Un programa de computadora (24, 25) para habilitar 

múltiples numerologías en una red, en donde la 

numerología se refiere a un conjunto de parámetros 

numéricos que describen aspectos de la multiplexación 

Esta es una nueva reivindicación que fue incluida en la 
modificación voluntaria presentada el 26 de abril de 2019, 
con el fin de eliminar la materia no patentable. 
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en donde la numerología se refiere a un conjunto de 

parámetros numéricos que describen aspectos de la 

interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de 

subportadoras, la longitud de los símbolos OFDM, la 

longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la 

longitud de la trama,  

las instrucciones que, cuando se ejecutan por un 

procesador de una estación base (BS), hace que la BS: 

envíe (S210) información del sistema en un canal de 

difusión con una primera numerología; y 

envíe (S220) información adicional en un primer espacio 

de búsqueda con una segunda numerología diferente de 

la primera numerología, en donde el primer espacio de 

búsqueda es un espacio de búsqueda común, en donde 

la segunda numerología se indica en la información del 

sistema enviada y la información adicional del sistema 

comprende referencias a uno o más espacios de 

búsqueda adicionales. 

por división de frecuencia ortogonal, OFDM, interfaz de 

radio, tales como espaciado entre subportadoras, 

longitud de símbolo OFDM, longitud de prefijo cíclico, 

número de símbolos por subtrama o ranura, longitud de 

subtrama y longitud de trama, el programa de 

computadora comprende un código de programa de 

computadora que, cuando se ejecuta en una estación 

base, causa el estación base para realizar el método de la 

reivindicación 6 o 7. 
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Nota: Dentro de nueve meses de la publicación de la mención de la concesión de la 

patente Europea en el Boletín de Patente Europea, cualquier persona puede dar 

notificación a la Oficina Europea de patente de oposición a esa patente, de acuerdo con 

las Regulaciones de Implementación. La notificación de oposición no se considerará que 

se ha presentado hasta que se haya pagado las tasas. (Art(99(1) Convención de Patente 

Europea). 
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REIVINDICACIONES 

 

1.  Un método para habilitar múltiples numerologías en una red,  

en donde la numerología se refiere a un conjunto de parámetros numéricos que 

describen aspectos de la interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de subportadoras, la longitud de 

los símbolos OFDM, la longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la longitud de la trama, 

el método es realizado por un equipo de usuario, UE, y comprende: 

recibir (S110) información del sistema en un canal de difusión con una primera 

numerología; 

determinar (S120) un primer espacio de búsqueda a partir de la información del 

sistema recibida, donde el primer espacio de búsqueda es un espacio de búsqueda 

común; y 

recibir (S130) información adicional programada en el primer espacio de búsqueda 

con una segunda numerología diferente de la primera numerología, en donde la 

segunda numerología se indica en la información del sistema recibida y la 

información adicional del sistema comprende referencias a uno o más espacios de 

búsqueda. 

 

2.  El método de acuerdo con la reivindicación 1, en el que la etapa de recibir 

(S110) comprende además detectar información del sistema. 

 

3.  El método de acuerdo con una cualquiera de las reivindicaciones 1 a 2, que 

comprende: 

recibir información de sincronización (S100) para un canal de difusión antes de 

recibir (S110) en el canal de difusión. 
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4.  El método de acuerdo con cualquiera de las reivindicaciones precedentes, en 

el que la información adicional programada del sistema en el primer espacio de 

búsqueda es una o más de las siguientes: programación de información de 

paginación, respuestas de acceso aleatorio, programación de espacios de 

búsqueda adicionales. 

 

5.  El método de acuerdo con una cualquiera de las reivindicaciones 1 a 4, en el 

que la etapa de determinación comprende además determinar un segundo espacio 

de búsqueda con una tercera numerología. 

 

6.  Un método para habilitar múltiples numerologías en una red,  

en donde la numerología se refiere a un conjunto de parámetros numéricos que 

describen aspectos de la interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de subportadoras, la longitud de 

los símbolos OFDM, la longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la longitud de la trama, 

el método es realizado por una estación base, BS, y comprende: 

enviar (S210) información del sistema en un canal de difusión con una primera 

numerología; y  

enviar (S220) información adicional en un primer espacio de búsqueda con una 

segunda numerología diferente de la primera numerología, en donde la segunda 

numerología se indica en la información del sistema recibida y la información 

adicional del sistema comprende referencias a uno o más espacios de búsqueda. 

 

7.  El método de acuerdo con la reivindicación 6, en el que el primer espacio de 

búsqueda se indica en la información del sistema enviada. 

 

8.  Un equipo de usuario (UE) para habilitar múltiples numerologías en una red,  
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en donde la numerología se refiere a un conjunto de parámetros numéricos que 

describen aspectos de la interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de subportadoras, la longitud de 

los símbolos OFDM, la longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la longitud de la trama, el equipo de 

usuario UE (1) comprende: 

un procesador (10); y un programa de computadora (12, 13) que almacena 

instrucciones que, cuando son ejecutadas por el procesador, hacen que el UE: 

reciba (S110) información del sistema en un canal de difusión con una primera 

numerología; 

determine (S120) un primer espacio de búsqueda a partir de la información del 

sistema recibida, donde un primer espacio de búsqueda es un espacio de búsqueda 

común; y  

reciba (S130) información adicional del sistema en el primer espacio de búsqueda 

con una segunda numerología diferente de la primera numerología, en donde la 

segunda numerología se indica en la información del sistema recibida y la 

información adicional del sistema comprende referencias a uno o más espacios de 

búsqueda. 

 

9.  Una estación base (BS) para habilitar múltiples numerologías en una red, en 

donde la numerología se refiere a un conjunto de parámetros numéricos que 

describen aspectos de la interfaz de radio de multiplexación por división de 

frecuencia ortogonal (OFDM), como el espaciado de subportadoras, la longitud de 

los símbolos OFDM, la longitud del prefijo cíclico, la cantidad de símbolos por 

subtrama o ranura, la longitud de la subtrama y la longitud de la trama,  

la BS (2) que comprende:  

un procesador (20); y un programa de computadora (22, 23) que almacena 

instrucciones que, cuando son ejecutadas por el procesador, hacen que la BS: 
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envíe (S210) información del sistema en un canal de difusión con una primera 

numerología; y  

envíe (S220) información adicional en un primer espacio de búsqueda con una 

segunda numerología diferente de la primera numerología, en donde el primer 

espacio de búsqueda es un espacio de búsqueda común, en donde la segunda 

numerología se indica en la información del sistema enviada y la información 

adicional del sistema comprende referencias a uno o más espacios de búsqueda 

adicionales. 

 

10.  Un programa de computadora (14, 15) para habilitar múltiples numerologías 

en una red, en donde la numerología se refiere a un conjunto de parámetros 

numéricos que describen aspectos de la multiplexación por división de frecuencias 

ortogonales, OFDM, interfaz de radio, tales como espaciado entre subportadoras, 

longitud de símbolo OFDM, longitud de prefijo cíclico, número de símbolos por 

subtrama o ranura, longitud de subtrama y longitud de trama, el programa de 

computadora comprende un código de programa de computadora que, cuando se 

ejecuta en un equipo de usuario, hace que el usuario equipo para realizar el método 

de cualquiera de las reivindicaciones 1 a 5. 

 

11.  Un programa de computadora (24, 25) para habilitar múltiples numerologías 

en una red, en donde la numerología se refiere a un conjunto de parámetros 

numéricos que describen aspectos de la multiplexación por división de frecuencia 

ortogonal, OFDM, interfaz de radio, tales como espaciado entre subportadoras, 

longitud de símbolo OFDM, longitud de prefijo cíclico, número de símbolos por 

subtrama o ranura, longitud de subtrama y longitud de trama, el programa de 

computadora comprende un código de programa de computadora que, cuando se 

ejecuta en una estación base, causa el estación base para realizar el método de la 

reivindicación 6 o 7. 
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1. Introduction 

This contribution provides our high-level synchronization design for the NR. More specifically, we present a unified 

PBCH design for all NR frequency bands. Our companion contributions, listed below, cover other aspects of the 

synchronization design: 

- [1] presents our synchronization raster design 

- [2] presents our proposed synchronization signal bandwidth and multiplexing 

- [3] presents our views on the synchronization periodicity 

- [4] presents synchronization signal design and considerations 

- [5] presents PBCH channel coding considerations 

2. Overview 

It is important to discuss the design requirements for the synchronization signals before going into more detailed 

discussion on sequence and signal design. More specifically, we summarize our views on such design requirements and 

considerations for synchronization signals (SS) and physical broadcast channels in Table 1. 

Table 1: Synchronization signal design requirements 

Aspects Below 6GHz Requirements Above 6GHz Requirements 

Use cases 

- Initial access 

- Mobility/RRM 

- Beam tracking 

- Frequency tracking loop for narrow band mode 

Synchronization 

signal frequency 

raster 

The larger the synchronization signal frequency raster, the lower the initial access latency. 

Furthermore, the synchronization raster should allow synchronization signal sub-carriers 

to be aligned with subcarriers of data/control channels (discussed in [1]) 

Initial access vs. 

mobility 

synchronization 

signals 

- Periodicity is the same for both initial access and mobility SS 

- Waveform is the same for both initial access and mobility SS 

- SS block may not always contain PBCH e.g., measurement RS (MRS) may be in the 

locations of PBCH instead [6]. MRS is for additional beam tracking and measurement  

Time footprint 

- SS block should fit into slots of different numerologies up to 60kHz slot 

- SS block should not overlap with uplink common burst (ULCB) and downlink 

common burst (DLCB) for simple implementation and desired L1 latency e.g., 250us. 
 SS block should not overlap ULCB for not blocking uplink transmission. 

 Theoretically it is possible to use DLCB for SS block but it is much cleaner not to touch 

DLCB for smooth common control RS processing and PDCCH processing. In particular, if SS 

block overlaps with DLCB, UE has to adjust PDCCH search space for the slots containing SS 

block. 
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Synchronization 

signal bandwidth 

(MHz) 

Less than 5MHz Less than 40MHz 

 

As RAN1 suggested, we should aim to have a unified NR synchronization design across different frequency bands. In 

this contribution we provide our proposal where we have a unified design for the synchronization signal waveforms and 

the SS block, while the bandwidth and subcarrier spacing of the synchronization signals may be band-dependent. 

More specifically, the NR frequency bands may be classified into two categories:  

- Band category A: Synchronization signal has synchronization signal bandwidth 4.32MHz and 

synchronization signal SCS of 30KHz 

- Band category B: Synchronization signal has synchronization signal bandwidth 34.56MHz and synchronization 

signal SCS of 240KHz 

The synchronization signal bandwidth, synchronization signal frequency raster and numerology are summarized in Table 

2, which are discussed in [1]. 

Table 2: Synchronization signal bandwidth and numerology  

Parameter Band Cat A Band Cat B 

Minimum carrier 

bandwidth (MHz) 
5 80 

Synchronization signal 

bandwidth (MHz) 
4.32 34.56 

Sub-carrier spacing 

(kHz) 
30 240 

 

A synchronization signal block consists of one OFDM symbol for the primary synchronization signal (PSS) and one 

OFDM symbol for the secondary synchronization signal (SSS). Furthermore, the synchronization signal block may 

contain two OFDM symbols for the physical broadcast channel (PBCH). The synchronization signals and the physical 

broadcast channel within a synchronization signal block are time-multiplexed as provided Figure 1.  

PBCH PSS SSS PBCH

 

Figure 1: Unified NR synchronization signal block design 

The synchronization signal sequences are identical across frequency bands. However, the subcarrier spacing of the 

synchronization signals is band-dependent per Table 2, as discussed in [1]. Table 3 provides our design consideration 

for both synchronization signals and PBCH within a synchronization signal block. The design of synchronization 

signals are discussed in [4]. 

Table 3: Design parameters of one Synchronization signal block 

Design parameters PSS SSS PBCH 

The maximum number of sub-carriers 144 144 144 

The number of OFDM symbols 1 1 2 

Sequence length (or the number of used 

sub-carriers) 
127 

Up to 128 

depending on SSS 

design 

Up to 128  
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2.  NR PBCH Design Considerations 

2.1 Numerology, Bandwidth and Multiplexing 

The cells transmit PBCH to provide UE with the minimum system information containing essential information and 

configurations to obtain the system information blocks for initial acquisition procedures. In an initial acquisition 

procedure, UE first searches for the synchronization signals to synchronize with the cell and then decode PBCH. Since 

UE has no knowledge on system bandwidth after decoding synchronization signals, similar to legacy LTE PBCH, it is 

preferred to transmit PBCH at the same synchronization frequency location used to transmit the synchronization 

signals. Furthermore, PBCH could have the same numerology and bandwidth as the synchronization signals.  

Proposal 1: Transmit PBCH at the same synchronization frequency location used to transmit the synchronization signals. 

Furthermore, PBCH has the same channel bandwidth and numerology as synchronization signals as follows 

Parameter Band Cat A Band Cat B 

Minimum carrier 

bandwidth (MHz) 
5 80 

Synchronization signal 

bandwidth (MHz) 
4.32 34.56 

Synchronization sub-

carrier spacing (kHz) 
30 240 

 

A synchronization signal block consists of one OFDM symbol for the primary synchronization signal (PSS) and one 

OFDM symbol for the secondary synchronization signal (SSS). Furthermore, the synchronization signal block may 

contain two OFDM symbols for the physical broadcast channel (PBCH) which are identical: one PBCH symbol in the 

beginning of SS block and the other in the end of SS block. Such two identical PBCH symbols, which are separated by 

PSS and SSS, allow UE refine the carrier frequency offset (CFO) estimation without first decoding PBCH. More 

specifically, UE can coarsely estimate the CFO based on synchronization signals and further refine the estimate by two 

looks of PBCH. The FTL loop based on synchronization signals and PBCH is expected to be good enough for UE to 

decode PBCH as well as common search space successfully in a narrow band mode e.g., RRC IDLE or RRC 

CONNECTED INACTIVE states. The pull-in range for FTL is [-5kHz, 5kHz] for 30kHz SS/PBCH subcarrier spacing 

(below 6GHz) and [-40kHz, 40kHz] for 240kHz SS/PBCH subcarrier spacing (above 6GHz). 

Proposal 2: For synchronization signal (SS) block containing PBCH, the synchronization signals and two identical PBCH 

symbols are time-multiplexed in such synchronization signal block. Furthermore, one PBCH symbol is in the beginning 

of SS block and the other is in the end of SS block.  

2.2 PBCH Transmission Diversity 

The encoding and modulation of PBCH payload (e.g., MIB) could follow the same techniques used in LTE PBCH. 

From transmission perspective, the PBCH could be transmitted over multiple antenna ports for transmit diversity and 

coverage enhancement. In LTE, PBCH could be transmitted over single port or multiple antenna ports (e.g., 2 ports and 

4 ports). At the UE side, UE performs blind detection on the number of antenna ports, which could cause unnecessary 

PBCH decoding latency and complexity.  

For NR, it is preferred to have the information on the number of antenna ports to be available to UE for reduction in 

PBCH decoding latency and complexity. For example, the PBCH could be transmitted over two antenna ports only 

using SFBC.  Another transmit diversity option is small CDD (SCDD). In addition, for high reliability, PBCH could be 

repeated over multiples of synchronization periodicity. 

Proposal 3: For PBCH transmission, the number of antenna ports used for PBCH transmission should be available to UE 

for reduction in PBCH decoding latency and complexity.  
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2.3 PBCH redundancy versions and SS block timing indication 

Similar to LTE, PBCH can explicitly carry part of system timing (e.g. SFN).  Then remaining timing information – such 

as LSB bits of SFN and/or SS block index – can be conveyed implicitly through PBCH RV (redundancy version).  

Proposal 4: SS block index is indicated in NR-PBCH through the RV number. 

It is desirable to permit the UE to combine PBCH transmissions from different SS blocks: indeed, multiple beams (even 

within burst) can excite a cluster and deliver useful signal to the UE. Moreover, multibeam sync design should permit the 

BS the flexibility in beam shape and beam sweep pattern, and the BS may indeed use wider or even pseudo-omni beams 

through a burst. 

2.4 DMRS for PBCH demodulation 

In LTE, cell-specific reference signal (CRS) is broadcast and works as DMRS for demodulating PBCH. However, in NR, 

CRS might not be broadcast for network power saving and in keeping with lean design principles. The key question is 

what signal could be utilized as demodulation RS for decoding NR PBCH. In this proposal, we propose to use the 

secondary synchronization signal (SSS) as DMRS for PBCH demodulation. Although SSS and PBCH are always 

transmitted in the same synchronization signal block, they should be sent over the same antenna ports so that SSS could 

be used as demodulation RS for PBCH.  

Proposal 5: For PBCH demodulation, SSS can used as a reference signal for PBCH. In particular, SSS and PBCH are 

transmitted over the same antenna port(s). 

3. System Information Delivery 

PBCH payload contains MIB which provides common control resource set/common search space configuration or 

provides common control resource set configuration to derive common search space [7]. After decoding the common 

search space, UE can obtain the minimum system information blocks (MSIB) which contains RACH configurations. 

Other information elements to be conveyed in MIB can be 

- System frame number (SFN) 

- Duplexing mode (TDD vs. FDD) 

- (FFS) SI value tag 

Proposal 6: PBCH payload contains MIB which provides common control resource set/common search space 

configuration or provides common control resource set configuration to derive common search space.  

4. PBCH Performance Evaluation 

4.1 Simulation Assumptions 

Below we provide preliminary PBCH link-level with SFBC, on CDL-C scaled to 30ns DS. Two-port SSS is used as 

DMRS for PBCH, where each port transmits the LTE SSS sequences and the two ports are CDMed [4]. SSS thus 

occupies 124 tones. PBCH occupied the same tones as SSS in OFDM symbols containing PBCH (see Figure 1). 

4.2 Simulation Results 

Figure 2 gives PBCH BLER for one-shot decoding. BLER is computed for the best beam among the 14 beams swept in 

an SS burst (see Table 4, AP virtualization).  Here, post-beamforming SNR is defined as the SNR seen in 12 RBs (@ 

240 kHz SCS), averaged over time and the two UE antenna ports.  These results show that PBCH can carry 48 to 72 bits 

(including CRC).  The BLER can further improve with soft combining across SS blocks within a burst and/or across 

bursts (within the BCH TTI.)  
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Figure 2: PBCH one-shot decode performance for various TB sizes 

 

5. Conclusion 

This contribution has discussed single beam design aspects of PBCH for NR. More specifically, we have the following 

proposals: 

Proposal 1: Transmit PBCH at the same synchronization frequency location used to transmit the synchronization signals. 

Furthermore, PBCH has the same channel bandwidth and numerology as synchronization signals as follows 

Parameter Band Cat A Band Cat B 

Minimum carrier 

bandwidth (MHz) 
5 80 

Synchronization signal 

bandwidth (MHz) 
4.32 34.56 

Synchronization sub-

carrier spacing (kHz) 
30 240 

 

Proposal 2: For synchronization signal (SS) block containing PBCH, the synchronization signals and two identical PBCH 

symbols are time-multiplexed in such synchronization signal block. Furthermore, one PBCH symbol is in the beginning 

of SS block and the other is in the end of SS block.  

Proposal 3: For PBCH transmission, the number of antenna ports used for PBCH transmission should be available to UE 

for reduction in PBCH decoding latency and complexity.  

Proposal 4: SS Block index is indicated in NR-PBCH through the RV number. 

Proposal 5: For PBCH demodulation, SSS can used as a reference for two-port PBCH. In particular, SSS and PBCH are 

transmitted over the same antenna ports. 

Proposal 6: PBCH payload contains MIB which provides common control resource set/common search space 

configuration or provides common control resource set configuration to derive common search space.  
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Appendix 

Table 4: Link-level evaluation assumptions 

  Below 6GHz Above 6GHz 

Carrier Frequency 4 GHz 30 GHz 

Channel Model 

 

CDL-C, with delay scaling of 100, 

300 and 1000 ns 

  CDL-C, with delay scaling of 30 ns 

ASA = 5 degree, ASD = 30 degree, ZSA = 5 degree, ZSD = 1 degree  

The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle 
for both the antenna panels of TRP and UE in the local coordinate. The value of the random 

angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen 

independently for both AoD and AoA 

Subcarrier Spacing(s) 30 KHz   240 KHz 

SNR range > -8dB [post-beamforming] >-7dB 

UE speed 3 km/h  3 km/hr, 100 km/hr 

Search window The time window to search (correlate) NR-PSS = periodicity of NR-SS transmission = 5 msec. 

Antenna Configuration at the 

TRP 

(1,1,2) with omni-directional antenna 

element 

(4,8,2), with directional antenna element 

(HPBW=650, directivity 8dB) 

Antenna Configuration at the 

UE 

(1,1,2) with omni-directional antenna 

element 

(2,4,2), with directional antenna element 

(HPBW=900, directivity 5dB) 

Antenna port virtualization 
 

 BS beam sweep: sweeping 14 directions in Azimuth,  

directed towards 100 degree in Elevation 

 UE beam pattern: pseudo-omni 

Frequency Offset zero 

Phase Rotation Model  Follow the PN model of [R1-165005] 

Number of interfering TRPs  0 TRP 
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1 Introduction 

One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE 

for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage 

improvement techniques should also be applicable for TDD. 

In contribution [2] we discuss the required link budget improvement for each physical signal/channel in 

FDD. For PDCCH with DCI format 1A, the required improvement is found to be around 13.6 dB (assuming 

4 dB loss from single Rx) for the new low-complexity UE type with a single receive antenna and 9.6 dB for 

other LTE UEs. Since the PDCCH common search space needs to be received by all UE types, a 13.6 dB 

coverage improvement on PDCCH (with the payload corresponding to DCI format 1A) needs to be the 

design target. 

If fast physical layer HARQ is supported also in extended coverage mode feedback on decoding is needed. 

Current coverage of PUCCH and PUSCH is not sufficient to provide this feedback without improvements.  

In this contribution we give an overview of options on how to achieve the needed coverage enhancements. 

 

2 Overview of legacy operation 

The downlink control channels, PDCCH and EPDCCH, are today used to convey scheduling information to 

the UE both for UE specific and broadcast signalling. When considering coverage extension of scheduling 

functionality, a number of different control channel use cases need to be considered which currently are 

handled by the common or UE specific search space.  

When a UE detects a new cell it first reads the MIB on PBCH which contains the necessary information to 

decode the PDCCH common search space. The PDCCH transmitted in subframe #5 in even radio frames is 

then subsequently used to find the format and resource allocation used for the SIB 1 transmission. Based on 

the parameter schedulingInfoList carried by SIB 1, the subframes where the other SIBs may be transmitted 

becomes known. The UE must in these subframes detect if an SI message is sent and the corresponding 

format and resource. 

The UE must also monitor the common search space for P-RNTI in subframes valid for paging. After a 

PRACH transmission the UE monitors common search space for a pre-configured time for a RA-RNTI to 

detect the network response. After sending MSG3 the UE monitors both common and UE-specific search 

space for contention resolution. 

A UE in connected mode monitors both common and dedicated search space unless in DRX. Finally, MBMS 

service area info updates is also notified over the downlink control channel. 

Observation: 

- A new common search space for extended coverage is needed to maintain system functionality. 

Proposal: 

- Introduce a new common search space at least carrying the P-RNTI, M-RNTI and C-RNTI. 

o FFS on need for other functionality depend on RACH and SI procedure design 
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3 Discussion on DCI coverage 

In this section we discuss the possibility to extend the coverage of DCI messages. We keep the discussion 

general at this point and do not make an assumption on whether EPDCCH or PDCCH is the physical channel 

used for the transmission. A few possibilities are then available: 

 Reduce the amount of DCI information 

 Relax the required error rate 

 Increase the amount of resources, either 

o Physical resources (e.g. in time, across subframes) 

o Transmission power (power resources) 

 

3.1 Reduced DCI size 

The link budget calculations made during the study item [3] assumed a bandwidth of 10 MHz. For this 

bandwidth a format 1A DCI constitutes 43 bits including CRC. Format 1A gives scheduling flexibility in 

modulation and coding, HARQ process mapping and other things that may not be needed for a device in bad 

coverage, so with optimizations a few bits could probably be removed. If and what bits that can be removed 

depends on the design of the uplink and downlink data channels. Reduction of payload bits implies definition 

of a new DCI format and thus comes at the cost in complexity of supporting additional DCI formats and loss 

of flexibility in scheduling. For instance, a restriction in resource allocation should be clearly motivated to 

not unnecessarily put restrictions on the scheduling flexibility.   

An additional way to reduce the message size is to reduce the CRC size. This could be motivated if the 

search space is significantly reduced such that false detection rate does not go up significantly. With 

significantly larger aggregation levels the number of blind decodes per subframe may very well decrease just 

due to lack of potential resources. It should be noted that if message sizes are reduced this may also bring an 

increase in the false detection probability. False detection has a negative impact on UE power consumption 

and may increase the overall interference in the system. Reducing the search space also reduces the 

flexibility of scheduling which may increase overhead, power consumption and latency.  

Observation: 

- Reduced CRC size can only be motivated if a smaller search space is defined. 

Broadcast information such as SI-message scheduling can be conveyed using DCI format 1C which has been 

payload optimized, e.g. for 10 MHz this result in only 27 bits. This gives some guidance on how much a DCI 

can be reduced with maintained flexibility. If any potential loss in coding gain is excluded this bit reduction 

results in a 2-dB energy gain compared to format 1A. Format 1C has a limited maximum TBS size of 2216 

bits, this TBS size may be sufficient for operation in extended coverage mode however the format lacks an 

indication between uplink and downlink and HARQ indicator.   

Proposal: 

- Introduce support for PDSCH and PUSCH scheduling with a DCI format smaller than format 1A 

o FFS whether format 1C can be reused 

 

3.2 Relaxed error probabilities  

An “artificial” way of improving a link budget calculation is to change the assumed required quality. For 

PDCCH the assumption has been that an error rate of 1% should be achieved. Of course it is possible to 

operate a system with a higher error rate on the scheduling control channel with a higher number of missed 

assignments as a result. If the error rate assumption was changed to 10%, the link budget would improve 

with 2-3 dB. Of course a higher error rate would also result in a higher overhead, not only on the control 
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channel but also on the data channel due to retransmissions. A suitable error rate target must consider latency 

and overhead, also taking the ratio between data channel and control channel into account. It is hence not 

directly obvious that a relaxed error target will reduce the resource consumption. 

Observation: 

- Resource consumption for different target error rate depends on the needed control channel 

resources and the size of the granted resource.  

 

3.3 Increased (E)PDCCH resources  

To improve detection probability the total received message energy needs to be increased. From a standards 

perspective this is most easily done using power boosting since this can be down transparently for the user. 

Power boosting however comes with some limitations. Common search space is sent on PDCCH which has a 

short duration in time and large span in frequency, and this limits the amount of power adjustments in these 

OFDM symbols. The EPDCCH has a more suitable design for power boosting. 

It should also be noted that the difference is small for a UE in need of a coverage enhancement between 

boosting power on a narrow bandwidth with a high power spectral density (PSD) and using a larger 

bandwidth with a lower PSD, since such a UE is noise limited and hence cannot benefit from ICIC gains. 

PSD boosting also makes other parts of the spectrum difficult to use for other users since the remaining 

available power resource is reduced. 

Common search space on PDCCH carrying scheduling information using format 1C would need about a 10 

dB improvement even if we assume some relaxation on the detection probability, to ~10%, providing ~2 dB. 

This implies that 80 CCEs would be needed if PDCCH is used.  

For 10 MHz with 3 symbols for PDCCH a total of about 40 CCEs are available, dependent on PHICH 

configuration. It is hence obvious that a new or extended common search space design is needed for 

coverage limited UEs. 

Observation: 

- Current common search space on PDCCH is not sufficient to provide the coverage extension 

needed even with power boosting.   

The received energy per information bit can be increase by extending the transmission duration in time. This 

can be achieved with small modifications to the current EPDCCH structure by spanning a DCI message 

across multiple adjacent subframes, at the cost of increased latency. An aggregation level of 80 could for 

example be achieved by allocating all eCCEs in a 2 PRB bandwidth over one radio frame. Decoding 

performance depends on factors such as DCI size as well as channel estimation performance (which could 

actually be improved compared to the single subframe EPDCCH transmission, if interpolation across 

subframes is allowed) and link simulations are needed to assess the aggregation levels needed to achieve the 

targeted coverage. To facilitate also low cost MTC UEs in need of coverage enhancement a limited 

bandwidth EPDCCH common search space should be supported. If frequency diversity is found to be more 

important than channel estimation improvement from cross subframe interpolation frequency hopping can be 

included.  

Proposal: 

- Introduce support for both common and UE specific search space spanning multiple subframes 

using a EPDCCH-like design. 

o FFS on the aggregation level needed 

- Support a bandwidth limited common search space to facilitate low cost devices. 

Combining all techniques listed is expected to provide the required coverage enhancement summarized in 

Table 1. 
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Table 1: Summary of approximate coverage enhancement need and potential 

Required coverage enhancement for normal LTE UE 9.6 dB 

Required coverage enhancement for low-complexity UE type 13.6 dB 

Change from format 1A to 1C 2 dB gain 

Relaxed requirements (not preferred) (2 dB gain) 

Power boosting 0-6 dB gain 

Larger aggregation levels 6-12 dB gain 

Discussion on UCI coverage 

For PUCCH format 1a, the required improvement is found to be 8.5 dB. The WID [1] suggests that the 

coverage improvement should be realized through repetition and/or PSD boosting. 

PUCCH is used to convey various lower layer control information from the UE to eNodeB. The necessity to 

support transmission of this information in the studied scenario was discussed during the study item phase. In 

summary: 

 CSI: It is not obvious that CSI will be very useful at least in the worst case scenario where the 

maximum coverage enhancement is needed. A UE operating in enhanced coverage mode is expected 

to experience a very bad channel quality. It should also be noted that the CSI reporting will be very 

slow in case it is repeated many times to improve the coverage. This is not necessarily a problem since 

the radio channel is also expected to vary very slowly in the studied scenario. However, it is probably 

sufficient to transmit the CSI inband on UL-SCH if a CSI is needed at all. Link adaptation can also be 

based on the measured required number of (H)ARQ transmissions for successful transmission. Hence 

there does not seem to be a strong need for CSI transmission over PUCCH. 

 HARQ-ACK: The HARQ-ACK feedback loop will also be very slow in case of a large repetition 

factor. If only one PDSCH TTI is transmitted in every HARQ (re)transmission, the associated PUCCH 

resource cost for transmitting the HARQ-ACK feedback will be large. However, assuming that TTI 

bundling (repetition) is used for PDSCH, the associated HARQ-ACK feedback can be kept on a 

reasonable level. On the other hand, it may be sufficient to rely on an appropriate amount of PDSCH 

TTI bundling in combination with RLC ARQ (soft combining of RLC transmissions could possibly be 

considered) and eliminate the feedback for the physical layer HARQ protocol. Then there would not be 

a need to support HARQ-ACK feedback transmission on PUCCH. 

 SR: The UE needs to be able to request uplink resources. It is possible for the UE to do this via 

PRACH if it would not be able to do this by transmitting SR over PUCCH. Requesting resources via 

SR might be more efficient in the general case, but in the studied scenario the packet inter-arrival time 

is expected to be low and PRACH may be sufficiently efficient. The need for D-SR depends on 

possible periodicities of SR and if MTC devices are expected to remain in RRC connected mode 

between packet arrivals. 

Hence it might be possible to do reasonably well without PUCCH support in enhanced coverage mode. At 

least in the worst case scenario where the maximum coverage enhancement is needed, PUCCH-related 

functionality can be seen as non-critical optimizations. We note that PUCCH repetition may be particularly 

challenging in the TDD case; however, if repetition of existing formats is shown to be feasible it can be 

considered. 

Proposal: 

- Coverage enhanced formats for CSI over PUCCH are not introduced. 

- FFS if downlink transmission formats require HARQ for efficient operation 

- Ask RAN2 for guidance on the need to support D-SR for extended coverage mode. 
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4 Conclusions 

In this contribution we list some options on how to improve coverage of the downlink control channel. We 

observe that changes are needed to the current operation of both common and UE specific search space 

compared to what is in Rel-11. Based on these observations we make a few proposals: 

Proposals: 

- Introduce a new common search space at least carrying the P-RNTI, M-RNTI and C-RNTI. 

o FFS on need for other functionality depend on RACH and SI procedure design  

- Introduce support for PDSCH and PUSCH scheduling with a DCI format smaller than format 1A 

o FFS whether format 1C can be reused 

- Introduce support for both common and UE specific search space spanning multiple subframes 

using a EPDCCH-like design. 

o FFS on the aggregation level needed 

- Support a bandwidth limited common search space to facilitate low cost devices . 

- Coverage enhanced formats for CSI over PUCCH are not introduced. 

- FFS if downlink transmission formats require HARQ for efficient operation 

- Ask RAN2 for guidance on the need to support D-SR for extended coverage mode. 

References 

[1] RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE” 

[2] R1-133420, “Coverage enhancement targets for MTC UE”, Ericsson, ST-Ericsson 

[3] TR 36.888, “Study on provision of low-cost MTC UEs based on LTE”, V12.0.0 (2013-06) 

 



3GPP 1 

3GPP TSG RAN WG1 Meeting #86                                                                                             R1-167439 
Gothenburg, Sweden 22nd - 26th August 2016 
 

Source: Panasonic 

Title:  Use of multiple numerologies in NR 

Agenda Item:  8.1.3.1 

Document for: Discussion 

1 Introduction 

In RAN1#85, following was agreed on multiplexing different numerologies. 

Agreements: 

- Forward compatibility of NR shall ensure smooth introduction of future services and features with no 

impact on the access of earlier services and UEs 

 Multiplexing different numerologies within a same NR carrier bandwidth (from the network 

perspective) is supported 

 FDM and/or TDM multiplexing can be considered 

 

In addition, following on the synchronization signal were agreed. 

Agreements: 

- For a NR carrier (from network perspective) using multiple numerologies, at least the following is for 

further study 

 multiple frequency/time portions using different numerologies share a synchronization signal 

 Note: The synchronization signal refers to the signal itself and the time-frequency resource used 

to transmit the synchronization signal 

 

This document discusses how to use multiple numerologies as the system. 

 

2 Discussion 

We discuss the assumed UE types as NR and then discuss multiple numerologies usage from the synchronization signal 

to the traffic channels. This would allow the systematic view of multiple numerology usage. 

 

Assumed UE types of different use cases 

Some kind of UE type assumption is required in order to determine how and what numerologies/channels are 

supported. As the first step, we assume following. 

- UE supporting only eMBB 

- UE supporting only mMTC  

- UE supporting both eMBB and URLLC 

- UE supporting both eMBB and V2X 

UE supporting only eMBB is rather extension of current smart phone or PC usage.  

UE supporting only mMTC intends lower cost by reduced bandwidth. 

Although UE supports only URLLC would be desirable from usage scenario perspective, we currently assume it 

also support eMBB as URLLC would requires wideband reception/transmission for the reliable communication 

and higher performance encoding/decoding capability for shorter latency. We recognize this needs some more 

discussion. 

UE supporting V2X also supports eMBB as we expect V2N or V2I would be based on eMBB. If V2I is 

modification from URLLC, V2X UE also supports URLLC. V2X supports sidelink. 

Proposal 1: Following types of UEs are supported in NR. 
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- UE supporting only eMBB 

- UE supporting only mMTC  

- UE supporting both eMBB and URLLC 

- UE supporting both eMBB and V2X 

 

 

Synchronization signals like PSS/SSS 

As the synchronization signals, we identified following types of signals.  

- Synchronization signals for below 6GHz frequency with licensed band for eMBB and URLLC 

- Synchronization signals for millimetre frequency with licensed band for eMBB and URLLC 

- Synchronization signals for below 6GHz frequency with unlicensed band for eMBB 

- Synchronization signals for millimetre frequency with unlicensed band for eMBB 

- Synchronization signals for below 6GHz frequency with coverage extension of mMTC 

- Synchronization signals for below 6GHz frequency for sidelink 

The reason of the distinction between below 6GHz and millimetre frequency is to support higher phase noise and 

higher Doppler in millimetre frequency. Then, we assume different subcarrier spacing usage between them. For 

example, below 6GHz would utilize 15 kHz and millimetre would utilize 60 kHz subcarrier spacing. 

Synchronization signal design also follows such difference. 

The reason of the distinction between licensed and unlicensed band is the synchronization signal in licensed 

band can be periodically transmitted to minimize the overhead. Such periodic transmission would improve the 

receiver performance by energy combining of multiple signals. On the other hand, unlicensed band does not 

allow such periodic transmission as the time/frequency resource needs to be shared with the other usages. 

Therefore, similar to LAA, the synchronization signal to allow one-shot detection is required. Such signal would 

require rather wideband transmission for the reliability of one shot detection. Instead of the frequency diversity 

of one-shot wideband transmission, synchronization signal in licenced band can obtain time diversity because of 

the periodic transmission. 

We assume URLLC is used for licensed band in order to have predictable time/frequency resource availability. 

Therefore, URLLC with unlicensed band is not considered. 

Although we listed separate type as synchronization signal with coverage extension of mMTC, we are not yet 

sure whether separate signal is required. Similar to eMTC and LTE relation, synchronization signal for below 

6GHz frequency with licensed band could be reused. As to allow NB-IoT in NR carrier bandwidth seems 

common understanding in NR session, mMTC could be more similarity with eMTC in LTE regarding supported 

bit rate and reliance on NR design like sharing the synchronization signal from eMBB. 

Synchronization signal for sidelink is necessary as it is transmitted by UE. Even if the side link is operated by 

GNSS like GPS as the synchronization source, it needs to support the operation when GNSS is not available 

such as under the tunnels. 

Note that to have the commonality among all channels is desirable.  

According to above discussion, we propose following. 

Proposal 2: To have following types of synchronization signals 

- Synchronization signals for below 6GHz frequency with licensed band for eMBB and URLLC 

- Synchronization signals for millimetre frequency with licensed band for eMBB and URLLC 

- Synchronization signals for below 6GHz frequency with unlicensed band for eMBB 

- Synchronization signals for millimetre frequency with unlicensed band for eMBB 

- FFS: Synchronization signals for below 6GHz frequency with coverage extension of mMTC 

- Synchronization signals for below 6GHz frequency for sidelink 
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MIB and SIB1 

After UE detects the synchronization signal, UE receives MIB (=PBCH) like signal, which is minimum amount 

of the broadcast information. The subcarrier spacing of MIB is fixed relation to the synchronization signal. For 

example, if 15 kHz subcarrier spacing is used for the synchronization signal, MIB also uses 15 kHz subcarrier 

spacing. If 60 kHz subcarrier spacing is used for the synchronization signal, MIB also uses 60 kHz subcarrier 

spacing.  

Whether to separate MIB and SIB1 or to merge MIB and SIB1 is FFS. In order to minimize the constant fixed 

time frequency resource usage, to minimize MIB size and separate SIB1 is desirable. On the other hand, to split 

MIB and SIB1 means the cell detection procedure delay increases. This trade-off needs to be evaluated further. 

The amount of SIB would follow the discussion outcome of RAN2, like minimum system information and on-

demand system information  [2]. 

After the reception of MIB, for UE receiver, FFT bandwidth and frequency position for SIB1 and SIBx reception 

need to be known. If MIB and SIB1 are merged, FFT bandwidth and frequency position for remaining SIBs 

reception need to be known to UE. In case of MIB and SIB1 split, the centre carrier used by UE may be same 

between MIB and SIB1. In case of mMTC, SIB1 may be frequency hopped and the centre carrier position also 

varies based on the hopping pattern. These FFT bandwidth and frequency position could be used for other 

reception like paging, random access response, unicast DCI and PDSCH. 

After MIB reception or after SIB1 reception, the numerology and time/frequency resource of DCI common 

search space needs to be known to UE. Then, the other system information can be signalled by DCI common 

search space.  

Proposal 3: Subcarrier spacing used for MIB is known by synchronization signal to UE. 

Proposal 4: Whether and how to split between MIB and SIB1 is FFS.  

Proposal 5: After the reception of MIB, for UE receiver, FFT bandwidth and frequency position for 

system information reception is known. These FFT bandwidth and frequency position could be used for 

other reception like paging, random access response, unicast DCI and PDSCH. 

Proposal 6: After the reception of MIB and/or SIB1, the numerology and time/frequency resource of DCI 

common search space is known to UE. 

 

 

Beam and PCI 

In millimetre frequency context, to extend the coverage by beamforming is one of the required technique. The 

system should support following two operations.  

Case 1) each beam has dedicated PCI and dedicated MIB/SIB1. 

Case 2) multiple beams share the same PCI and share MIB/SIB1. 

Case 1 is something similar to sector operation. Case 2 is something similar to CSI-RS id based distinction. 

Which case is used is up to the network operation and the system should support both cases. Note that one beam 

may be limited time/frequency resource usage only as the beam could sweep analogue manner and/or digital 

manner. 

Proposal 7: Related to beamforming, following two cases are supported. Each beam may use only limited 

time/frequency resource. 

Case 1) each beam has dedicated PCI and dedicated MIB/SIB1. 

Case 2) multiple beams share the same PCI and share MIB/SIB1. 

 

 

DCI common search space 

From UE side, DCI common search space time/frequency location is known after MIB or SIB1 reception. On the 

other hand, from the network perspective, the time frequency resource used by DCI common search space is not 

required to be utilized by only certain numerology. If other than UE's expected numerology is used, the blind 

decoding attempt by UE is just failed. Therefore, dynamic numerology change is also possible for 

time/frequency resource used by DCI common search space. 
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Proposal 8: Although numerology and time/frequency resource of DCI common search space is known to 

UEs, this time frequency resource is not always required to be utilized by the UE's assumed numerology. 

Only when DCI common search space is utilized by the UE, the network needs to utilize UE's assumed 

numerology. 

 

 

Reference signals for MIB/SIB1/system information 

Reference signals used for MIB reception are fixed resources. For the minimization of constant resource 

perspective, this reference should be used for mobility tracking and AFC/AGC purpose. But probably it would 

not be sufficient. Therefore, some more constant reference signals are required. How much such cell specific 

reference signals are required need to be evaluated. 

Proposal 9: Reference signals for MIB/SIB1/system information can be used for the mobility tracking, 

AFC and AGC. If necessary, more constant reference for such purpose is increased but should be 

minimized. 

 

 

Random access procedure 

Numerology and time/frequency resource used by random access channels are informed by system information. 

Even if preamble-less based random access channel is used, numerology and time/frequency resource used by 

random access channels are informed by system information. This resource needs to be reserved constantly. 

Dynamic sharing the resource among numerologies would be difficult. Numerology and time/frequency resource 

used by random access responses are also informed by the system information. If UE specific numerology and 

time/frequency resource are used by random access channels, these are configured by UE specific procedure. 

Proposal 10: Numerology and time/frequency resource used by non-UE specific random access 

procedures are informed by system information. 

 

 

UE specific DCI search space 

By the random access procedure, UE specific ID is known to UE. After that, UE specific DCI search space is 

known to UE (using also the configuration informed by system information). Similar to DCI common search 

space, although numerology and time/frequency resource of DCI common search space is known to UEs, from 

the network perspective, this time frequency resource is not always required to be utilized by the UE's assumed 

numerology. Therefore, dynamic numerology change is possible for time/frequency resource used by UE 

specific DCI search space. 

Proposal 11: Although numerology and time/frequency resource of UE specific search space is known to 

UEs, from the network perspective, this time frequency resource is not always required to be utilized by 

the UE's assumed numerology. 

 

 

Minimum TTI, PRB size and subcarrier spacing 

Using higher subcarrier spacing has more symbols in the same time. For example, 60 kHz subcarrier spacing has 

4 times OFDM symbols compared with 15 kHz subcarrier spacing in case CP length is also scaled linearly. The 

minimum PRB size and TTI size are determined to the relation to the traffic size granularity. Therefore, the 

number of REs in one PRB needs to be roughly constant regardless of the numerology change. N times 

subcarrier spacing with 1/N minimum TTI length and N times frequency bandwidth of PRB size allows the 

minimum granularity of the scheduling roughly same. Therefore, to take such approach is reasonable. 

If such approach is taken, higher subcarrier spacing can be used for latency reduction. 

Proposal 12: In order to have constant granularity of assigned data size, basically, N times subcarrier 

spacing with 1/N minimum TTI length and N time's frequency bandwidth of PRB size is used. 
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Proposal 13: Higher subcarrier spacing can be used also for the latency reduction in addition to 

millimetre frequency usage. 

 

 

Subcarrier spacing used by DCI and PDSCH 

Current our thinking of subcarrier spacing relation of downlink channels is following. 

Table 1: Subcarrier spacing relation among DL channels 

 Synchronization 
channels 
 

System 
information 
including MIB, 
random access 
response, 
paging 

UE specific 
DCI 

PDSCH Usage 

Case 1 15 kHz 15 kHz 15 kHz 15 kHz eMBB and mMTC 
for below 6GHz 
frequency 

Case 2 15 kHz 15 kHz 60 kHz 60 kHz eMBB for below 
6GHz frequency 
with latency 
reduction 

Case 3 15 or 30 or 60 
kHz 

30 or 60 kHz 30 or 60 kHz 30 or 60 kHz V2X for below 
6GHz frequency 

Case 4 60 to 240 kHz 
order 

60 to 240 kHz 
order  

60 to 240 kHz 
order  

60 to 240 kHz order  eMBB and URLLC 
for millimetre 
frequency 

Case 1 is used for eMBB and mMTC for below 6GHz frequency. 

Case 2 is used for eMBB for below 6GHz frequency with latency reduction. Another usage is URLLC. UE 

specific DCI and PDSCH could be the same OFDM symbol in order to reduce the latency. Therefore, the same 

subcarrier spacing is used. For UE with latency reduction of eMBB, UE could receive case 1 and case 2 

simultaneously for UE specific DCI and PDSCH. 

Case 3 usage could be used for V2X for below 6GHz frequency. In order to support higher velocity, higher 

subcarrier spacing could be useful. Case 3 is FFS. 

Case 4 is used for eMBB and URLLC for millimetre frequency. 

Proposal 14: To consider table 1 as starting point of subcarrier relations of downlink channels. 

 

 

Subcarrier spacing used by UCI and PUSCH 

Current our thinking of subcarrier spacing relation of uplink channels is following. 

Table 2: Subcarrier spacing relation among UL channels 

 UCI PUSCH Usage 

Case 1 15 kHz 15 kHz eMBB and mMTC 
for below 6GHz 
frequency 

Case 2 60 kHz 60 kHz eMBB for below 
6GHz frequency 
with latency 
reduction 

Case 3 30 or 60 kHz 30 or 60 kHz V2X for below 
6GHz frequency 

Case 4 3.75 kHz 3.75 kHz mMTC with large 
coverage extension 

Case 5 60 to 240 kHz order 60 to 240 kHz order eMBB and URLLC 
for millimetre 
frequency 

Case 1 is used for eMBB and mMTC for below 6GHz frequency. 

Case 2 is used for eMBB for below 6GHz frequency with latency reduction 
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Case 3 could be used for V2X for below 6GHz frequency. In order to support higher velocity, higher subcarrier 

spacing could be useful. Case 3 is FFS. 

Case 4 is used for mMTC with large coverage extension.  

Case 5 is used for eMBB and URLLC for millimetre frequency. 

The selection between case 1 and 4 is dynamically signalled by DCI for mMTC. 

Random access channel would be specific subcarrier spacing depending on the design. 

Proposal 15: To consider table 2 as starting point of subcarrier relations of uplink channels. 

 

 

Dynamic Broadcasting of numerology partition indication 

Based on the discussion above, we have not identified the need of the dynamic broadcasting of numerology 

partition. Broadcasting of numerology partition restricts future usage of numerology partition as only possible 

indicatable partitions are supported also in future. In addition, dynamic broadcasting of numerology partition 

indication requires constant downlink resource. If dynamic broadcasting of numerology partition indication 

reception is failed by UE, further reception of the channels is failed. Therefore, reliable transmission to all UEs 

in the cell is required, which is very costly transmission, especially for beam forming usage. Therefore, we 

propose following.  

As broadcasting of dynamic information, resource usage for uplink or downlink might be required although 

these also be possible by unicast manner. The relation to these channels needs further discussion. 

Proposal 16: Dynamic broadcasting of numerology partition indication is not required. 

 

Resource usage 

Based on the discussion, the constant transmission of downlink would be following 

- synchronization signals, MIB/SIB1, reference signals for the reception of MIB/SIB1 in case of licensed 

carrier 

The following would be required to be constant usage with semi-static configuration 

- system information 

The following would be possible to be dynamically shared among numerology although UE assumes certain 

time/frequency resources 

- paging, random access response, common DCI search space, UE specific search space 

The following would be possible to be dynamically shared among numerology. 

- PDSCH, PUSCH, UCI 

 

Relation of the channels 

Summary of the relation among channels are shown below. 
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Synchronization signals  for 

eMBB and URLLC

MIB/SIB1

for 

eMBB and URLLC

System 

information

for 

eMBB and URLLC

Random 

access procedure

for 

eMBB

DCI

PDSCH

for eMBB

Below 6GHz frequency  with licensed band

Random 

access procedure

for 

URLLC

DCI

PDSCH

for URLLC

UCI

PUSCH

for eMBB

UCI

PUSCH

for eMBB

Synchronization signals  for 

eMBB and URLLC

MIB/SIB1

for 

eMBB and URLLC

System 

information

for 

eMBB and URLLC

Random 

access procedure

for 

eMBB

DCI

PDSCH

for eMBB

Random 

access procedure

for 

URLLC

DCI

PDSCH

for URLLC

UCI

PUSCH

for eMBB

UCI

PUSCH

for eMBB

For millimetre wave frequency with licensed band for eMBB and URLLC

For below 6GHz frequency with unlicensed band for eMBB

For millimetre wave frequency with unlicensed band for eMBB

For below 6GHz frequency with coverage extension of mMTC: FFS

For below 6GHz frequency for sidelink

Synchronization signals  for 

eMBB

MIB/SIB1

for 

eMBB

System 

information

for 

eMBB 

Random 

access procedure

for 

eMBB

DCI

PDSCH

for eMBB

UCI

PUSCH

for eMBB

Synchronization signals  for 

eMBB 

MIB/SIB1

for 

eMBB

System 

information

for 

eMBB

Random 

access procedure

for 

eMBB

DCI

PDSCH

for eMBB

UCI

PUSCH

for eMBB

Synchronization signals  for 

mMTC

MIB/SIB1

for 

mMTC

System 

information

for 

mMTC

Random 

access procedure

for 

mMTC

DCI

PDSCH

for mMTC

UCI

PUSCH

for mMTC

Synchronization signals for coverage extension of mMTC is shared with eMBB, MIB would be also shared.

Synchronization signals  

for sidelink

some broadcast 

of configuration

for sidelink

sidelink control

and sidelink data

 

 

3 Conclusion 

This document discusses how to use multiple numerologies as the system. We propose following. 

Proposal 1: Following types of UEs are supported in NR. 
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- UE supporting only eMBB 

- UE supporting only mMTC  

- UE supporting both eMBB and URLLC 

- UE supporting both eMBB and V2X 

Proposal 2: To have following types of synchronization signals 

- Synchronization signals for below 6GHz frequency with licensed band for eMBB and URLLC 

- Synchronization signals for millimetre frequency with licensed band for eMBB and URLLC 

- Synchronization signals for below 6GHz frequency with unlicensed band for eMBB 

- Synchronization signals for millimetre frequency with unlicensed band for eMBB 

- FFS: Synchronization signals for below 6GHz frequency with coverage extension of mMTC 

- Synchronization signals for below 6GHz frequency for sidelink 

Proposal 3: Subcarrier spacing used for MIB is known by synchronization signal to UE. 

Proposal 4: Whether and how to split between MIB and SIB1 is FFS.  

Proposal 5: After the reception of MIB, for UE receiver,  FFT bandwidth and frequency position for 

system information reception is known. These FFT bandwidth and frequency position could be used for 

other reception like paging, random access response, unicast DCI and PDSCH. 

Proposal 6: After the reception of MIB and/or SIB1, the numerology and time/frequency resource of DCI 

common search space is known to UE. 

Proposal 7: Related to beamforming, following two cases are supported. Each beam may use only limited 

time/frequency resource. 

Case 1) each beam has dedicated PCI and dedicated MIB/SIB1. 

Case 2) multiple beams share the same PCI and share MIB/SIB1. 

Proposal 8: Although numerology and time/frequency resource of DCI common search space is known to 

UEs, this time frequency resource is not always required to be utilized by the UE's assumed numerology. 

Only when DCI common search space is utilized by the UE, the network needs to utilize UE's assumed 

numerology. 

Proposal 9: Reference signals for MIB/SIB1/system information can be used for the mobility tracking, 

AFC and AGC. If necessary, more constant reference for such purpose is increased but should be 

minimized. 

Proposal 10: Numerology and time/frequency resource used by non-UE specific random access 

procedures are informed by system information. 

Proposal 11: Although numerology and time/frequency resource of UE specific search space is known to 

UEs, from the network perspective, this time frequency resource is not always required to be utilized by 

the UE's assumed numerology. 

Proposal 12: In order to have constant granularity of assigned data size, basically, N times subcarrier 

spacing with 1/N minimum TTI length and N time's frequency bandwidth of PRB size is used. 

Proposal 13: Higher subcarrier spacing can be used also for the latency reduction in addition to 

millimetre frequency usage. 

Proposal 14: To consider table 1 as starting point of subcarrier relations of downlink channels. 
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 Synchronization 
channels 
 

System 
information 
including MIB, 
random access 
response, 
paging 

UE specific 
DCI 

PDSCH Usage 

Case 1 15 kHz 15 kHz 15 kHz 15 kHz eMBB and mMTC 
for below 6GHz 
frequency 

Case 2 15 kHz 15 kHz 60 kHz 60 kHz eMBB for below 
6GHz frequency 
with latency 
reduction 

Case 3 15 or 30 or 60 
kHz 

30 or 60 kHz 30 or 60 kHz 30 or 60 kHz V2X for below 
6GHz frequency 

Case 4 60 to 240 kHz 
order 

60 to 240 kHz 
order  

60 to 240 kHz 
order  

60 to 240 kHz order  eMBB and URLLC 
for millimetre 
frequency 

Proposal 15: To consider table 2 as starting point of subcarrier relations of uplink channels. 
 UCI PUSCH Usage 

Case 1 15 kHz 15 kHz eMBB and mMTC 
for below 6GHz 
frequency 

Case 2 60 kHz 60 kHz eMBB for below 
6GHz frequency 
with latency 
reduction 

Case 3 30 or 60 kHz 30 or 60 kHz V2X for below 
6GHz frequency 

Case 4 3.75 kHz 3.75 kHz mMTC with large 
coverage extension 

Case 5 60 to 240 kHz order 60 to 240 kHz order eMBB and URLLC 
for millimetre 
frequency 

 

Proposal 16: Dynamic broadcasting of numerology partition indication is not required. 

 

 

 

 

 

4 Reference 

[1] RP-160671, " New SID Proposal: Study on New Radio Access Technology", NTT DOCOMO 

[2] R2-16xxxx,  Report of email discussion on [94#40] [NR] System information  

 


	Bibliography
	Description
	Claims
	Drawings

