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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/#86bis/#87 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

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) 
· Single carrier operation 
· 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

RAN1 Agreements (#86bis)
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)
· FFS the first RF bandwidth is within the second RF bandwidth
· FFS the first RF bandwidth is at the center of the second RF bandwidth
· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth
· FFS detailed mechanism
· FFS RF bandwidth adaptation for RRM measurement

For the frequency-domain aspects:
· A UE monitors for downlink control information in one or more “control subband”
· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)
· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit) 
· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain

RAN1 Agreements (#87)
· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs
· FFS: UE-specific and/or cell-specific indication
· FFS: dynamic adaptation/configuration
· FFS: idle and possibly new state modes
· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth

This contribution investigates design considerations to support wide BW in NR; especially about RRM measurement for idle and connected state.
2. 	Design Considerations for Wider BW Supports in NR
2.1 Key Design Issues to Support Mobility in Wide BW
Monitoring DL signal in partial BW
For idle mode UE, fixed or semi-static configuration of common BW for monitoring at least NR-PSS/SSS and SI is preferred from the UE power consumption perspective. The size of common BW, to achieve its purpose, is less than that of full operating BW of the system. Meanwhile for connected mode UE, as identified in RAN1, monitoring full BW has a significant impact to UE power consumption. Thus, control subband for monitoring DL control information was agreed in RAN1#86bis to compensate UE power consumption. The size of control subband is smaller than or equal to the carrier bandwidth. Even though details of control subband are not decided yet, the companion contribution [3][4] can be referred for more understanding about the issue on restricted monitoring BW at UE. 
Observation 1: Monitoring DL signal at UE may be restricted in frequency to compensate higher power consumption for operations in wider bandwidth.
BW adaptation at UE
In RAN1, issues on BW adaptation was discussed and agreed on a design consideration to handle the latency for transition from narrow to wide BW. Since buffering for full BW is not available before retuning RF, dynamic change of monitoring BW is limited due to the latency value. In a case of idle to connected state, the latency does not affect worse. However in other cases frequent BW adaptation from narrow to wide may incur additional latency or power consumption at UE.
Observation 2: Frequent BW adaptation may incur additional latency or power consumption for connected mode UE. 
In long time scale, time portion for idle state is much longer than that for connected state. Thus it is beneficial to minimize power consumption for idle mode UE. Static BW configuration for initial access, paging or cell (re)selection will helps minimizing impact from BW adaptation. Definitely common BW across cells is reasonable for idle mode operation since reconfiguration to idle mode UE is not feasible.
Proposal 1: At least for mobility of idle mode UE, common resource in frequency is statically configured across cells. 

2.2 RRM Measurement in Wide BW
To achieve optimal performance for handover, monitoring full bandwidth at UE is beneficial to compensate the radio aspects of frequency selectivity or shadowing. In higher frequency bands, blockage of beamforming transmission is a considerable factor for design when different beams are configured in different frequency segments. In unlicensed bands, LBT (Listen-before-talk) failure needs to be considered as well. In those senses, monitoring partial bandwidth for RRM measurement is generally not preferred.
In dense small cell deployments, however monitoring full bandwidth is critical for UE’s battery lifetime. Since UE needs to monitor signals from neighbouring cells frequently, time portion consumed for RRM measurement may be dominant compared to other operations. Even though control subband with limited BW is configured in serving cell, whole power consumption gain may be limited due to monitoring full bandwidth and higher power drain for RRM measurement.
Observation 3: If RRM measurement for neighbouring cell is performed in full bandwidth, power saving gain from restricted bandwidth for operations in serving cell may be negligible from the overall performance perspective, compared to higher power drain for RRM measurement.
If monitoring BW for both control/data channel (i.e. control/data subband) in serving cell and RRM measurement for neighbouring cell is restricted for higher power consumption gain, the handover performance could be degraded due to inaccurate measurement quantity as stated here. But difficulty to handle this trade-off issue comes from that serving cell monitoring for control/data channel and RRM measurement is managed by different layers. Thus analysis or discussion on impacts to power consumption is required for further study. Based on discussion, whether or not two operations can be handled separately could be decided. 
Proposal 2: For connected mode UE, RAN2 should discuss the implication of bandwidth adaptation toward RRM measurement for connected mode UE, considering restricted operating BW of UE.
The monitoring BW for both control/data channel in serving cell may be configured by L1 signalling such as DCI. To support latency constrained service such as URLLC, DCI is preferred as indication of BW reconfiguration for UE. However there is a potential fluctuation of measurement quantity due to different size of monitoring BW. Since the difference of monitoring BW is not known to RRC layer, unreliable decision for handover would be made. Having said that, it is beneficial that monitoring BW for RRM measurement is configured by RRC signalling no matter operating BW is configured by L1 signalling. If gNB and UE do not have the same notion for the BW, it may impact to handover performance. Thus potential conflict with L1 operation relating to adaptive BW should be avoided.
Proposal 3: For connected mode UE, monitoring BW for RRM measurement is configured by RRC signalling. RAN2 needs to study how to avoid potential conflict with L1 operation.

3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: Monitoring DL signal at UE may be restricted in frequency to compensate higher power consumption for operations in wider bandwidth.
Observation 2: Frequent BW adaptation may incur additional latency or power consumption for connected mode UE. 
Observation 3: If RRM measurement for neighbouring cell is performed in full bandwidth, power saving gain from restricted bandwidth for operations in serving cell may be negligible from the overall performance perspective, compared to higher power drain for RRM measurement.

Proposal 1: At least for mobility of idle mode UE, common resource in frequency is statically configured across cells. 
Proposal 2: For connected mode UE, RAN2 should discuss the implication of bandwidth adaptation toward RRM measurement for connected mode UE, considering restricted operating BW of UE.
Proposal 3: For connected mode UE, monitoring BW for RRM measurement is configured by RRC signalling. RAN2 needs to study how to avoid potential conflict with L1 operation.
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