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BANDWIDTH AGNOSTIC TONE MAPPING  

PRIORITY CLAIM 

[0001] This application claims priority to U.S Application No.  15/481,437, filed 

April 6, 2017, which claims benefit of and priority to U.S. Provisional Patent 

Application Serial No. 62/329,045 (Docket No. 163149USL), filed April 28, 2016, and 

U.S. Provisional Patent Application Serial No. 62/337,206 (Docket No. 163149USL02), 

filed May 16, 2016.  Both of these applications are assigned to the assignee hereof, 

Qualcomm Incorporated, and hereby expressly incorporated by reference herein as if 

fully set forth below and for all applicable purposes. 

TECHNICAL FIELD 

[0002] The technology discussed below generally relates to wireless 

communications and, more particularly, to techniques for mapping coded bits of a 

broadcast channel to tones in a subframe.  Embodiments and aspects of the technology 

can enable and provide improved synchronization between components for wireless 

communication in a variety of network communication types, including mmWave 

systems. 

INTRODUCTION 

[0003] Wireless communication systems are widely deployed to provide various 

telecommunication services such as telephony, video, data, messaging, and broadcasts.  

Typical wireless communication systems may employ multiple-access technologies 

capable of supporting communication with multiple users by sharing available system 

resources (e.g., bandwidth, transmit power).  Examples of such multiple-access 

technologies include code division multiple access (CDMA) systems, time division 

multiple access (TDMA) systems, frequency division multiple access (FDMA) systems, 

orthogonal frequency division multiple access (OFDMA) systems, single-carrier 

frequency divisional multiple access (SC-FDMA) systems, and time division 

synchronous code division multiple access (TD-SCDMA) systems.     

[0004] These multiple access technologies have been adopted in various 

telecommunication standards to provide a common protocol that enables different 

wireless devices to communicate on a municipal, national, regional, and even global 



























































30

CLAIMS 

1. A method of wireless communications by a base station, comprising: mapping at least one 

of a physical broadcast channel (PBCH) or a beamformed reference signal (BRS) to tones of 

a symbol of a subframe, wherein the mapping is independent of system bandwidth, and 

wherein the mapping comprises: mapping coded bits of one period of PBCH transmission to 

a plurality of segments; and for each segment, mapping coded bits of that segment to a fixed 

starting offset regardless of available resource for the transmission; and transmitting the at 

least one of the PBCH or BRS in the symbol according to the mapping.  

2. The method of claim 1, wherein the mapping comprises: mapping tones of the symbol 

from a first center tone to tones at a lower frequency; and mapping tones of the symbol from 

a second center tone to tones at a higher frequency.  

3. The method of claim 2, wherein the first and second center tones define a boundary of a set 

of tones used for transmitting one or more synchronization signals.  

4. The method of claim 1, wherein the mapping comprises: mapping coded bits of the PBCH 

or BRS to a common set of tones for a first system bandwidth and a second system 

bandwidth greater than the first bandwidth; and mapping, for the second system bandwidth, 

repeated coded bits or additional coded bits to a set of tones not included in the first 

bandwidth.  

5. The method of claim 1, wherein each BRS is transmitted in a different direction.  

6. The method of claim 1, wherein the at least one of the PBCH or BRS is transmitted in 

every symbol of the subframe.  

7. The method of claim 6, wherein the base station transmits the at least one of the PBCH or 

BRS in different directions in different symbols of the subframe.  

8. The method of claim 1, wherein the at least one of the PBCH or BRS is mapped over a 

fixed number of resources across multiple subframes.  

9. The method of claim 1, wherein: the mapping comprises mapping coded bits of a BRS to 

tones of a symbol of the subframe; and the sequence of bits of BRS are mapped per resource 

block (RB), each RB occupying a fixed number of tones.  

10. A method of wireless communications by a user equipment, comprising: determining a 

mapping of coded bits of at least one of a physical broadcast channel (PBCH) or a 

beamformed reference signals (BRS) to tones of a symbol of a subframe, wherein the 

mapping is independent of system bandwidth, and wherein the mapping comprises: mapping 

coded bits of one period of PBCH transmission to a plurality of segments; and for each 



31

segment, mapping coded bits of that segment to a fixed starting offset regardless of available 

resource for the transmission; and monitoring for the at least one of the PBCH or BRS in the 

symbol according to the mapping.  

11. The method of claim 10, wherein the mapping comprises: a mapping of tones of the 

symbol from a first center tone to tones at a lower frequency; and a mapping of tones of the 

symbol from a second center tone to tones at a higher frequency.  

12. The method of claim 11, wherein the first and second center tones define a boundary of a 

set of tones used for transmitting one or more synchronization signals.  

13. The method of claim 10, wherein the mapping comprises: a mapping of the coded bits to 

a common set of tones for a first system bandwidth and a second system bandwidth greater 

than the first bandwidth; and a mapping, for the second system bandwidth, of a repeated 

portion of the coded bits or additional coded bits to a set of tones not included in the first 

bandwidth.  

14. The method of claim 10, wherein: the mapping comprises a mapping of the coded bits of 

the PBCH to tones of the symbol of the subframe; and the method further comprises 

monitoring for BRS in tones of the symbol.  

15. The method of claim 10, wherein the at least one of the PBCH or BRS is monitored for in 

every symbol of the subframe.  

16. The method of claim 10, wherein the coded bits of the at least one of the PBCH or BRS is 

mapped over a fixed number of resources across multiple subframes.  

17. The method of claim 10, wherein: the mapping comprises a mapping of the coded bits of 

the BRS to tones of a symbol of the subframe; and the coded bits of the BRS is mapped per 

resource block (RB), each RB occupying a fixed number of tones.  

18. An apparatus for wireless communications by a base station, comprising: means for 

mapping at least one of a physical broadcast channel (PBCH) or a beamformed reference 

signal (BRS) to tones of a symbol of a subframe, wherein the mapping is independent of 

system bandwidth, and wherein the mapping comprises: mapping coded bits of one period of 

PBCH transmission to a plurality of segments; and for each segment, mapping coded bits of 

that segment to a fixed starting offset regardless of available resource for the transmission; 

and means for transmitting the at least one of the PBCH or BRS in the symbol according to 

the mapping.  

19. An apparatus for wireless communications by a user equipment, comprising: means for 

determining a mapping of coded bits of at least one of a physical broadcast channel (PBCH) 

or a beamformed reference signals (BRS) to tones of a symbol of a subframe, wherein the 

mapping is independent of system bandwidth, and wherein the mapping comprises: mapping 
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coded bits of one period of PBCH transmission to a plurality of segments; and for each 

segment, mapping coded bits of that segment to a fixed starting offset regardless of available 

resource for the transmission; and means for monitoring for the at least one of the PBCH or 

BRS in the symbol according to the mapping.  

20. An apparatus for wireless communications by a base station, comprising: at least one 

processor configured to map at least one of a physical broadcast channel (PBCH) or a 

beamformed reference signal (BRS) to tones of a symbol of a subframe, wherein the mapping 

is independent of system bandwidth, and wherein the mapping comprises: mapping coded 

bits of one period of PBCH transmission to a plurality of segments; and for each segment, 

mapping coded bits of that segment to a fixed starting offset regardless of available resource 

for the transmission; a transmitter configured to transmit the at least one of the PBCH or BRS 

in the symbol according to the mapping; and a memory coupled with the at least one 

processor.  

21. An apparatus for wireless communications by a user equipment, comprising: at least one 

processor configured to determine a mapping of coded bits of at least one of a physical 

broadcast channel (PBCH) or a beamformed reference signals (BRS) to tones of a symbol of 

a subframe independent of system bandwidth, and wherein the mapping comprises: mapping 

coded bits of one period of PBCH transmission to a plurality of segments; and for each 

segment, mapping coded bits of that segment to a fixed starting offset regardless of available 

resource for the transmission; a receiver configured to monitor for the at least one of the 

PBCH or BRS in the symbol according to the mapping; and a memory coupled with the at 

least one processor.  

22. A non-transitory computer readable medium for wireless communication by a base 

station having instructions stored thereon for: mapping at least one of a physical broadcast 

channel (PBCH) or a beamformed reference signal (BRS) to tones of a symbol of a subframe, 

wherein the mapping is independent of system bandwidth, and wherein the mapping 

comprises: mapping coded bits of one period of PBCH transmission to a plurality of 

segments; and for each segment, mapping coded bits of that segment to a fixed starting offset 

regardless of available resource for the transmission; and transmitting the at least one of the 

PBCH or BRS in the symbol according to the mapping.  

23. A non-transitory computer readable medium for wireless communication by a user 

equipment having instructions stored thereon for: determining a mapping of coded bits of at 

least one of a physical broadcast channel (PBCH) or a beamformed reference signals (BRS) 

to tones of a symbol of a subframe, wherein the mapping is independent of system 

bandwidth, and wherein the mapping comprises: mapping coded bits of one period of PBCH 

transmission to a plurality of segments; and for each segment, mapping coded bits of that 

segment to a fixed starting offset regardless of available resource for the transmission; and 

monitoring for the at least one of the PBCH or BRS in the symbol according to the mapping. 


