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1. Introduction
RAN#75 in March approved a 5G WID [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).
During SI phase in NR, the following agreements were achieved regarding bandwidth considerations for NR.
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 RF bandwidth adaptation for RRM measurement
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
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth
RAN1 Agreements (#88bis)
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded
RAN1 Agreements (#89)
· 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

RAN1 Agreements (AH#2)
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline		
Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties

RAN2 Agreements (#97)
Agreements
1	An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 
2	An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).
3	Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 
Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1.

RAN2 Agreements (#97b)
Agreements
1	In NR, a measurement object is corresponding to one carrier frequency. 
2	As part of the Measurement Object it is possible to configure a list of CSI-RS resource specific configurations for RRM measurement. (If this CSI-RS configuration is found to be usable for other purposes then its placement in the measurement object can be reconsidered)

This contribution investigates design considerations to support wide BW in NR; especially about RRM measurement for idle and connected states.
2. 	Design Considerations for Wider BW Supports in NR
2.1 Key Design Issues to Support Mobility in Wider 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 complexity and power consumption perspectives. 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 resource set (CORESET) for monitoring DL control information was agreed during NR SI phase to compensate UE power consumption. The size of CS is smaller than or equal to the carrier bandwidth. The CS is a set of resource element groups (REGs) within which the UE attempts to blindly decode downlink control information. The REGs may or may not be frequency contiguous. A UE may have one or more CORESETs. In addition to CORESET, bandwidth (BW) part was also agreed to support the UE with limited BW capability. 
Observation 1: Monitoring DL signal at UE may be restricted in frequency to compensate higher power consumption for operations or due to limited BW capability 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 help minimizing impacts from BW adaptation. Definitely common BW across cells is reasonable for IDLE mode operation since reconfiguration to IDLE mode UE is not feasible. In RAN1, NR-SS, and NR-PBCH are designed for initial access and mobility support. RAN1 also discussed about the type of RS for RRM measurement. NR-SS is used for DL based RRM measurement for L3 mobility in IDLE mode. For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS. Detection of neighbor cell for measurement is based on NR-SS. The NR-SS and NR-PBCH is typically located at center frequency in a component carrier. However RAN1 agreed that multiple NR-SS burst can be supported within wideband CC. If we see the motivation behind the support of multiple NR-SS, it is for UE with narrow RF BW compared to wideband. In fact, the synchronization accuracy by 40 MHz NR-SS is sufficient to cover a couple of 100 MHz carrier. So we can assume that additional NR-SS may be provided by network for the UE with narrowband RF BW. Whatever number of NR-SS is provided by network, UE will detect a NR-SS at first during scanning and camp on the cell which is involved with the detected NR-SS. There is no reason to configure additional NR-SS for IDLE mode UE. So we can assume that for IDLE mode UE, common resource including NR-SS and NR-PBCH is configured in frequency across cells. Meanwhile, RAN1 decided network indication of SS burst periodicity for Connected and Idle UE which implies a possible different monitoring timing of the UE. 
Proposal 1: At least for mobility of IDLE mode UE, common monitoring resource in frequency to receive NR-SS and NR-PBCH is configured from the UE perspective.

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 scenarios, 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 may be high 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, due to dominating power drain for RRM measurement.
If configured BW for both control/data channel (i.e. control/data resource set) in serving cell and RRM measurement for serving/neighbouring cell is restricted for higher power saving 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 bandwidth adaptation toward RRM measurement for CONNECTED mode UE, considering restricted operating BW of UE.
The BW part for both control/data channel in serving cell may be configured by RRC, and may be activated/deactivated by MAC CE or L1 signalling. Activated BW part may be dynamically switched by network decision mainly for scheduling purpose. For the simplicity, we may assume that UE performs RRM measurement within the activated BW part. However there is a potential fluctuation of measurement quantity due to different size of monitoring BW or different RS resource/numerology. If the actual 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 what BW part is activated/deactivated by L1/MAC 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/MAC operation relating to adaptive BW should be avoided.
Proposal 3: For CONNECTED mode UE, at least a monitoring BW for RRM measurement is configured semi-statically. 

RRM measurement resource
The resource for monitoring at UE side may be at least carrier-specific, that is common across cells, like measurement object in current LTE. Since the monitoring BW for IDLE mode UE can be used for CONNECTED mode UE as well, it could be a baseline operation that the UE measures and reports for NR-SS and NR-PBCH for CONNECTED mobility. The monitoring BW for NR-SS may be derived from detection of NR-SS or configured by network for the case of multiple NR-SS in wideband CC. Meanwhile, RAN1 agreed on the network indication of time/frequency resource within the carrier for RRM measurement. Even though the common BW is given or configured, time resource may be differently configured by configurable SS burst periodicity which is introduced to support NR Non-stand-alone (NSA) or LTE-NR coexistence. Note that SS burst comprises of SS blocks which is composed of NR-PSS/SSS and NR-PBCH. 
Proposal 4: UE assumes at least a carrier-specific RRM monitoring BW which is derived from detection of NR-SS and NR-PBCH.
If more enhanced operation is needed, the cell-specific RRM resource may be indicated. One expected gain comes from the flexible configuration for various RRM scenarios, e.g. including per-TRP/beam/cell measurement or supporting of multiple numerologies [3]. On the other hand, CSI-RS was agreed in RAN1 for RRM measurement. For the above 6 GHz, CSI-RS may provide more accuracy with respect to narrow beam which is used for actual data transmission of CONNECTED mode UE. The fine granularity of RRM resource in terms of time/frequency/space could be helpful to enable accurate and fast measurement performance. However possible combinations in 3 dimensions of the RRM resource should be restricted for less signalling overhead. In that sense, amongst two approaches – carrier and cell-specific –, the carrier-specific RRM resource is preferred to relax the network overhead and UE complexity. Since the cell-specific RRM resource may be still useful for serving cell measurement, we propose that the cell-specific RRM resource is only configured for serving cell.
Observation 4: For CSI-RS measurement, it is beneficial that UE monitor both serving and neighbour cell at the carrier-specific RRM BW and monitor only serving cell at the cell-specific RRM BW.
In detail, as an example, the additional carrier-specific RRM resource can be realized by configuring a BW part for both serving and neighbour cell measurement, as BWP#1 depicted in Figure 1. UE can monitor both serving and neighbour cells at the BWP#1without BWP change.  UE may be configured with multiple BWPs for serving cell monitoring/measurement. By the way, RAN1 agreed that design for single active BWP has higher priority than that for multiple active BWPs. Therefore we assume that UE monitors a BWP among multiple once at a time. Since we propose that single numerology is configured for single measurement object in the companion contribution [3], UE can compare the measurement result from BWP#2 of the serving cell to that from BWP#1 of the neighbour cells. Based on this scenario, we thought that CSI-RS for RRM measurement should be configured in association with the BWP where UE is restricted to monitor CSI-RS. The separate definition of RRM BW may be considered, however, we think that BWP can be reused for RRM measurement for the specification simplicity.


Figure 1: Example of RRM resource configuration
Proposal 5: RAN2 supports that network can restrict UE’s monitoring BWP for neighbour cell measurement.

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 or due to limited BW capability 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, due to dominating power drain for RRM measurement.
Observation 4: For CSI-RS measurement, it is beneficial that UE monitor both serving and neighbour cell at the carrier-specific RRM BW and monitor only serving cell at the cell-specific RRM BW.

Proposal 1: At least for mobility of IDLE mode UE, common monitoring resource in frequency to receive NR-SS and NR-PBCH is configured from the UE perspective.
Proposal 2: For CONNECTED mode UE, RAN2 should discuss the bandwidth adaptation toward RRM measurement for CONNECTED mode UE, considering restricted operating BW of UE.
Proposal 3: For CONNECTED mode UE, at least a monitoring BW for RRM measurement is configured semi-statically. 
Proposal 4: UE assumes at least a carrier-specific RRM monitoring BW which is derived from detection of NR-SS and NR-PBCH.
Proposal 5: RAN2 supports that network can restrict UE’s monitoring BWP for neighbour cell measurement.
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