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1. Introduction
RAN#71 in March approved a 5G SID [1] on New Radio (NR) access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
In RAN1#85 and #86bis meetings, the following agreements were achieved regarding bandwidth considerations for NR
RAN1 Agreements (#85)
· NR should support of flexible NW and UE channel bandwidth
· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception
· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

RAN1 Agreements (#86bis)
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz
· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives
In RAN2#95bis meeting, RAN2 discussed on LS (R1-1610655) from RAN1 including the request that RAN4 studies the feasibilities of mechanisms above from both NW and UE perspectives.

This contribution investigates design considerations to support wider BW in NR; especially about flexible BW configuration.
2. 	Design Aspects for Wider BW Supports in NR SC
2.1 LTE Case
RAN1 discussed in [3][4] about pros and cons of CA, DC and single carrier (that is also called as channel bonding) for wider BW operations. RAN2 contribution [5] also proposed single carrier to overcome the drawbacks of CA to operate in ultra wide BW from the higher management overhead due to band combinations, UE capability report and measurements. It is noted that LTE supports scalable BW which allows different operating BW which has the same center frequency. However if system is extended to wider BW, there could be unsupportable part as located far from the center frequency since maximum capable BW of UE is relatively much smaller than operating BW of system.
Observation 1: Scalable bandwidth architecture of LTE is difficult to support much wider bandwidth in NR such as 1 GHz, since maximum capable bandwidth of UE is relatively much smaller than operating BW of system.
2.2 Design Objectives of NR Single Carrier
Even though benefits of single carrier come from simple RF/IFFT/FFT blocks, it has some drawbacks on UE power consumption and flexibility compared to CA/DC. If UE operates in wide BW, the consumed power increases in proportional to the size of operating BW. Therefore having a smaller operating BW of UE integrated with very wide system BW would be beneficial for NR operations from a UE power consumption perspective. Meanwhile depending on service type such as eMBB, wide BW should be used for large data transmission. It implies dynamic BW change subject to limited UE BW capability and higher power consumption. Since different UEs will have different BW capability, system should provide sufficient level of flexible spectrum use. Multiplexing multiple services in single contiguous spectrum is one target of NR to enhance resource usage efficiency. Service multiplexing scenario raises a configuration issue for different operating BW per services even for single UE.
2.3 Considerations to Support Flexible NR Single Carrier
As identified in sub-section 2.2, higher power consumption of UE to operate in wide BW is crucial for NR single carrier design. Thus band-wise scheduling in restricted operating BW could be beneficial for UE. In band-wise scheduling, minimum unit of operations for scheduling, CSI measurement, MCS report and HARQ is limited in a particular band. System may determine the proper size of BW which is commonly configured per cell. However maximum BW of UE may not be fully utilized if the system configures static and identical band partitioning (Case A in Figure 1) without consideration of various BW capability of UE. Even if the system configures bands flexibly (Case B in Figure 1), there could be unutilized resource to other UEs (like UE2 in Case B) which have different size of BW from the UE which is aligned with the flexibly configured band (like UE1 in Case B).



Figure 1: Band partitioning with coarse granularity

Observation 2: System-wise partitioning for scheduling does not provide sufficient flexibility/dynamics to support various BW capabilities and services of UE. In addition, it may incur resource wastage between bands which is assigned to different service/slice if band configuration is static.
One possible way to minimize unused portion in UE BW is configuring multiple bands for scheduling in fine granularity in frequency as depicted in Figure 2. As minimum unit for scheduling is minimized, alignment of system-configured BW to UE-capable BW gets easy.



Figure 2: Band partitioning with fine granularity

Proposal 1: The fine granularity of operating unit for scheduling, link adaptation and HARQ should be supported in frequency to adapt to different bandwidth capability of UE and minimize mismatch of bandwidth between system and UE. 
Further design issue of band-wise scheduling with fine granularity could be about whether or not single MAC entity operates single scheduling/MCS/HARQ per band. If the number of MAC entities increases according to increasing number of bands, it may not be feasible due to UE’s high cost for implementation as well as power consumption. Even though only single MAC entity is operating, scaled number of functions in the MAC entity, such as scheduling/MCS/HARQ may be too high not to be supported by UE. Therefore the number of MAC entities/functions should be minimized even though the number of bands increases.
Proposal 2: Even though the large number of bands for MAC operation is configured, the number of MAC entities/functions should be minimized to reduce implementation cost and power consumption.

2.4 Further Design Issues to Support NR Single Carrier
Latency for RF retuning
Since UE has a limited size of BW, UE can’t monitor larger BW than nor monitor different BW from that of itself at the same time. Due to physical processing in RF and BB, the latency is expected for completing change of operating BW. From the companion paper [6], we investigated possible value of latency from several cases. If BW is changed while keeping the same center frequency, the possible latency is 1s of us. However if BW is changed totally with changing the center frequency, the possible latency is 100s of us. It requests RAN2 to consider the latency for BW retuning as a design constraint.
Common signalling
For power saving purpose, UE could be configured to monitor partial portion of whole system BW. However it also results in increased control overhead to deliver common signalling for all UEs in gNB since gNB should transmit separate signals per UE depending on UE’s monitoring BW which is smaller than whole BW. How to reduce the impact from redundant common signalling needs to be discussed from the architecture perspective. 
3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: Scalable bandwidth architecture of LTE is difficult to support much wider bandwidth in NR such as 1 GHz, since maximum capable bandwidth of UE is relatively much smaller than operating BW of system.
Observation 2: System-wise partitioning for scheduling does not provide sufficient flexibility/dynamics to support various BW capabilities and services of UE. In addition, it may incur resource wastage between bands which is assigned to different service/slice if band configuration is static.

Proposal 1: The fine granularity of operating unit for scheduling, link adaptation and HARQ should be supported in frequency to adapt to different bandwidth capability of UE and minimize mismatch of bandwidth between system and UE. 
Proposal 2: Even though the large number of bands for MAC operation is configured, the number of MAC entities/functions should be minimized to reduce implementation cost and power consumption.
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