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Introduction
In RAN1#88bis, the maximum carrier bandwidth for single carrier and carrier aggregation operation were discussed with the agreements and working assumption made as follows,
Agreement:
· For single-carrier operation,
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE
· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD
· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation

Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM

Agreement:
· Support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands
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

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.   In RAN1#88bis, it was agreed to support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands

The reference signals design is based on PRB in frequency domain and slot/mini-slot in time domain.   PRB bundling was supported for better channel estimation.   When UE indicated the maximum supported operating bandwidth is smaller than that of system bandwidth, gNB needs to allocate the resource based on maximum supported operating bandwidth.   If gNB needs to allocate the whole system bandwidth to the UE as intra-band contiguous CCs with CA, the intra-band CA and cross carrier scheduling should be semi-statically configured by higher layer.   

Proposal 3: If gNB needs to allocate the whole system bandwidth to the UE as intra-band contiguous CCs with CA, the intra-band CA and cross carrier scheduling should be semi-statically configured by higher layer.   


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: If gNB needs to allocate the whole system bandwidth to the UE as intra-band contiguous CCs with CA, the intra-band CA and cross carrier scheduling should be semi-statically configured by higher layer.   
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