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Introduction
In RAN1#88, 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 MHz in Rel-15
· Note:  final decision on the value  is up to RAN4
· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15
· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing
· Note: final value for a given channel BW is up to RAN4 decision
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16
· Note that 32 is considered from RAN2 specification perspective
· The number of NR CCs in any aggregation is independently configured for downlink and uplink 
· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases

Agreements:
· RAN1 is discussing following alternatives for a wider BW CC, i.e., CC BW greater than X (e.g., 100 MHz), 
· A) UE is configured with one wideband carrier while the UE utilizes multiple Rx/Tx chains (Case 3)
· B) A gNB can operate simultaneously as wideband CC for some UEs (UEs with single chain) and as a set of intra-band contiguous CCs with CA for other UEs (UEs with multiple chains)
· FFS: Potential impact on design for the wide BW signal/channels
· Note: The support of multiple Rx/Tx chains in the gNB within one wideband CC is not addressed in above discussion 
In this contribution, we discuss the consideration of operation over 1GHz spectrum in the NR system design.
Consideration of Maximum Number of Subcarriers

NR system supports maximum system bandwidth of 400 MHz and up to 16 carriers in aggregation for operation with spectrum over 1 GHz based on the agreements in RAN1#88.   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.  When the maximum system bandwidth increases to 400 MHz, the sampling rate would increase to 491.52 Msps and the sampling interval is around 2 ns.  This sampling rate would apply to single numerology or mixed numerologies.   For 400 MHz system bandwidth, maximum number of subcarriers of 3300 or 6600 implies subcarrier spacing of 120 kHz or 60 kHz respectively.  The FFT size would be 4096 and 8192 for 3300 and 6600 subcarriers respectively.   The number of subcarriers is defined to partition the radio resources in frequency for resource allocation.  For large number of subcarriers, the system is partitioned to finer granularity in radio resource but potential of resource fragmentation in reducing the effective trunking efficiency.    Large number of subcarriers would increase the complexity of resource allocation and the processing power.   Thus, maximum number of subcarriers should not be more than 3300 for single numerology.  

Proposal 1: Maximum number of subcarriers should not be more than 3300 for single numerology case.  


The purpose of having additional numerologies on top of the baseline numerologies in the mixed numerologies deployment is to improve the efficiency of network operation customized for different requirements or deployment scenarios, such as low latency, high speed or broadcast services.  The deployments of mixed numerologies in either TDM or FDM increase the complexity in signal processing at both the UE and gNB.   The subcarrier spacing customized for low latency or high speed deployment scenarios should only increase from the baseline subcarrier spacing to reduce the latency or minimize the inter-channel interference caused by frequency error.  There is barely any deployment scenario demand further reducing the subcarrier spacing.  Thus, maximum number of subcarriers should not be more than 3300 for mixed numerologies with maximum system bandwidth of 400 MHz.  

Proposal 2: Maximum number of subcarriers should not be more than 3300 for mixed numerology case with maximum system bandwidth of 400 MHz.  


UE Operation in Wider System Bandwidth

A carrier with maximum system bandwidth of 400 MHz would provide better trunking efficiency.   Large system bandwidth would demand higher processing speed in implementation.   The sampling interval for 400 MHz system bandwidth would be around ns.    This requires very fast clock speed for both baseband and RF signal processing.   This requirement of hardware processing with high clock speed 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 for UE to support smaller operating bandwidth, such as 100 MHz, with multiple parallel processors.  This parallelism would reduce the processing speed and hardware clock cycle.   Different options of wideband operation had been discussed in both RAN1 and RAN4 to achieve peak data throughput but realistic implementation costs.   Four options of wideband operation as shown in Figure 1were discussed in RAN1#88 as proposed in [4] with detailed analysis as follows,

· Case 1: The first option is a single wideband RF chain and single baseband processing.  It demands sampling rate of 524.3 Msps in both RFIC chips and baseband processing.   The high clock speed processor is beyond today’s hardware limit.   The improvement of semiconductor might make high speed processor possible in the future.  The maximum system bandwidth of 400 MHz with single wideband RF should be considered when the processing capability is available in the near future within NR deployment time frame. 

Proposal 3: For option 1 of wideband operation, the maximum system bandwidth of 400 MHz with single wideband RF should be considered when the processing capability is available in the near future within NR deployment time frame. 


· Case 2: The second option is multiple RF chains and one single wideband baseband processing.  In order to avoid aliasing caused by under-sampling of A/D converter, multiple RF carriers are formed to carry one wideband signals.  Multiple parallel low sampling rate RFIC’s are used to mitigating the under-sampling aliasing effect.  However, multiple RF processing chains would require sharp RF filter and guard band between RF chains to minimize the cross interference.  The data processing at baseband needs to support 5-10 Gbps I/Q samples for 10-20 bits complex quantization levels with 400 MHz system BW.     

Proposal 4: For option 2 of wideband operation with multiple RF chains and one wideband baseband processing, additional sharp RF filter and guard band between RF chains are required to minimize the cross carrier interference.  High speed baseband processing at 5-10 Gbps is needed for wideband signal processing.   


· Case 3:  The third option is one wideband RF chain and multiple baseband processing in support of cost effective parallel processing.   This option is supported in NR already since it was agreed that the operating bandwidth is UE specific and could be smaller than the system bandwidth as well as carrier aggregation up to 16 carriers.  

Proposal 5:  For option 3 of wideband operation, single wideband RF chain and multiple baseband carriers in aggregation for parallel processing is supported already in NR.

· Case 4:  The forth option is multiple RF chain and baseband carriers.   This option is equivalent to have wideband system bandwidth operating as carrier aggregation.   Multiple baseband carriers support cost effective parallel processing.   Multiple RF processing chains would require sharp RF filter and guard band between RF chains to minimize the cross interference.  

Proposal 6: For option 4 of wideband operation, multiple RF chains and baseband processors in support of wideband operation is similar to operation of multiple carriers with smaller operating bandwidth in aggregation.  
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[bookmark: _Ref478048096]Figure 1: Wideband opration options

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: Maximum number of subcarriers should not be more than 3300 for single numerology case.  
· Proposal 2: Maximum number of subcarriers should not be more than 3300 for mixed numerology case with maximum system bandwidth of 400 MHz.  
· Proposal 3: For option 1 of wideband operation, the maximum system bandwidth of 400 MHz with single wideband RF should be considered when the processing capability is available in the near future within NR deployment time frame. 
· Proposal 4: For option 2 of wideband operation with multiple RF chains and one wideband baseband processing, additional sharp RF filter and guard band are required to minimize the cross carrier interference.  High speed baseband processing at 5-10 Gbps is needed for wideband signal processing.   
· Proposal 5:  For option 3 of wideband operation, single wideband RF chain and multiple baseband carriers in aggregation for parallel processing is supported already in NR.
· Proposal 6: For option 4 of wideband operation, multiple RF chains and baseband processors in support of wideband operation is similar to operation of multiple carriers with smaller operating bandwidth in aggregation.  
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