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Introduction
In RAN1 NR Ad hoc, the maximum carrier bandwidth with operation bandwidth of 1GHz and carrier aggregation were discussed with the agreements as follows,
Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15
· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands
· RAN1 asks the feasibility of at least followings
· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered
· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz
· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15
· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]
· 
· The maximum FFT size is not larger than [8192, 4096, 2048]

Agreements:
· If it is decided that maximum CC BW is greater than or equal to 400 MHz and smaller than or equal to 1000MHz
· The maximum number of CCs in any aggregation is [either 8 or 16]
· If it is decided that the maximum CC BW is <=100MHz
· The maximum number of CCs in any aggregation could be [either 16 or 32]
· If it is decided that the maximum CC BW is greater than 100 MHz and smaller than 400MHz
· The maximum number of CCs is FFS

In this contribution, we discuss the consideration of operation over 1GHz spectrum in the NR system design.
Consideration of Maximum Single Carrier Bandwidth 

NR system supports maximum system bandwidth between 400 MHz, 800MHz or 1000 MHz for operation with spectrum over 1 GHz.   A carrier with large system bandwidth would provide better trunking efficiency.   However, large system bandwidth would demand higher processing speed in implementation.   Thus, the determination of maximum system bandwidth should consider the practical implementation limitation, such as sampling rate and FFT engine.   In LTE, the maximum sampling rate is 30.72 Msps for 20 MHz maximum system bandwidth with 15 kHz subcarrier spacing and FFT size 2048.   The sampling interval is 32.5 ns.  If the maximum system bandwidth increases 4 times to 80 MHz, the sampling rate would increase to 122.88 Msps with 60 kHz subcarrier spacing and 2048 FFT.  The sampling interval for 80 MHz system bandwidth would be 8.1 ns.    If the maximum system bandwidth increases to 320 MHz, the sampling rate would increase to 491.52 Msps and the sampling interval is 2 ns.   For system bandwidth of up to 640 MHz and above, the sampling rate would be above 983.04 Msps.  The sampling interval would be 1ns or shorter.  This requires very fast clock speed for both baseband and RF signal processing.   This requirement of hardware processing with high clock speed in ns or sub-ns would be beyond today’s hardware limit. .  The fast clock speed would drive cost of signal processing dramatically.   One possible solution for the large system bandwidth is to under-sampling the signals with multiple parallel processors.  This parallelism would reduce the processing speed and hardware clock cycle.    However, the under-sampling of A/D converter has the results of aliasing.  The aliasing effect would have effect of cross-symbol interference.   Additional signal processing would be required to reduce the cross-symbol interference.  Thus, under-sampling with parallel signal processors is not a preferred solution.

Proposal 1: The maximum system bandwidth should be determined with the consideration of the cost-effective hardware design in signal processing and performance.  


The improvement of semiconductor might make high speed processor possible in the future.  The maximum system bandwidth should be determined based on the processing capability in the near future within NR deployment time frame in order to maximize the trunking efficiency.  In the mean time, the maximum system bandwidth should be defined to allow the parallel processing with cost effective design.  Multiple carriers in aggregation would support parallel processing.  Thus, the maximum system bandwidth should be defined to support highest trunking efficiency but realistic hardware processing speed now or near future.   

Proposal 2: The maximum system bandwidth for NR proposes to be 400 MHz or 320 MHz with multiple carriers in aggregation for parallel processing.  

To support operation of 1 GHz contiguous spectrum with 320 MHz maximum system bandwidth in NR, multiple carrier aggregations need to be supported similar to CA in LTE.  RAN1 NR Ad Hoc agreed the number of carrier aggregation is as follows,

· If it is decided that maximum CC BW is greater than or equal to 400 MHz and smaller than or equal to 1000MHz
· The maximum number of CCs in any aggregation is [either 8 or 16]
· If it is decided that the maximum CC BW is <=100MHz
· The maximum number of CCs in any aggregation could be [either 16 or 32]
· If it is decided that the maximum CC BW is greater than 100 MHz and smaller than 400MHz
· The maximum number of CCs is FFS

The configuration of a NR cell could consist of multiple TRPs with TRP configured with multi-beams as shown in Figure 1.  Multi-carrier operation could be aggregated in a TRP, which all carriers could be configured and reused at each beam or distributed among beams in multi-beam configuration.    Multiple carriers could also be aggregated among TRPs within a cell with per carrier scheduling or cross-carrier scheduling.   Multiple carriers could be independent operated with dual connectivity.  The number of carriers to be aggregated does not be large in order minimize the complexity of scheduling coordination and complexity with large system bandwidth supported around 400 MHz.   Thus, flexible aggregation and configuration of multiple NR carriers are required to support the operation of 1 GHz contiguous spectrum in different deployment scenarios.   The number of carriers to be aggregated for maximum system bandwidth 400 or 320 MHz should be 8.   


Proposal 3: Flexible aggregation and configuration of multiplex NR carriers are required to support operation of 1GHz contiguous spectrum in different deployment scenarios.   The number of carriers to be aggregated for maximum system bandwidth 400 or 320 MHz should be 8.   



[image: ]
[bookmark: _Ref466068131]Figure 1: NR cell with multiple TRPs and multi-beam configuraitons.



Conclusion
This paper discusses the consideration of maximum system bandwidth supported by NR and the operation of 1GHz contiguous spectrum in different deployment scenarios.   We propose the following,   
· Proposal 1: The maximum system bandwidth should be determined with the consideration of the cost-effective hardware design in signal processing and performance 
· Proposal 2: The maximum system bandwidth for NR proposes to be 400 MHz or 320 MHz with multiple carriers in aggregation for parallel processing.  
· Proposal 3: Flexible aggregation and configuration of multiplex NR carriers are required to support operation of 1GHz contiguous spectrum in different deployment scenarios.   The number of carriers to be aggregated for maximum system bandwidth 400 or 320 MHz should be 8.   
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