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1. Introduction

At the last RAN1 meeting, remaining details on NR RRM measurements based on SSB and CSI-RS for L3 mobility were discussed [1]. 
In this contribution, we further discuss remaining issues on SSB based and CSI-RS based measurement for mobility management. 
2. SS/PBCH block based RRM measurement
2.1. Different measurement BW for SS-RSSI than for SS-RSRP 
At the last RAN1 meeting, different measurement BW for SS-RSSI from that for SS-RSRP was discussed and there was no consensus on it [2]. 
In a synchronized network, the SSBs from different cells may collide. In that case, the measured RSSI in the SSB bandwidth could not reflect real interference condition brought by data transmission of neighbouring cells. Therefore, it is beneficial to support different measurement BW for SS-RSSI from that for SS-RSRP to relax the problem of measurement accuracy. At the last RAN1 meeting, it was concluded that the selection of resources within the RSSI measurement window to obtain the RSSI measurement is up to UE implementation. Therefore, the maximum allowable measurement BW for SS-RSSI should be defined when supporting different measurement BW for SS-RSSI. For intra-frequency measurement, when active DL BWP contains SSB inside its bandwidth, the active DL BWP bandwidth could be maximum allowable measurement BW for SS-RSSI since UE is capable of receiving signal within the bandwidth of active DL BWP. However, when the active DL BWP does not contain SSB inside its bandwidth, UE needs to perform SSB based measurement outside active DL BWP by using measurement gap. In such case, if there is at least one configured BWP which contains SSB inside its bandwidth, maximum allowable bandwidth for NR carrier RSSI measurement could be minimum bandwidth among configured BWPs that contain SSB inside their bandwidth. If all configured BWPs do not contain SSB inside their bandwidth, maximum allowable bandwidth for NR carrier RSSI measurement could be bandwidth of CORESET configured by PBCH (if PBCH indicates RMSI CORESET configuration) or SSB bandwidth (if PBCH does not indicate RMSI CORESET configuration). For inter-frequency measurement, without information of serving cell and active DL BWP, UE can perform SS-RSSI measurement on SSB bandwidth.
At the last RAN1 meeting, RSSI measurement and reporting were also discussed. In case of two carriers in the same frequency band, the RSRP measurement results on two carriers could be almost the same while RSSI measurement results could be different due to different traffic loads on each carrier. In that case, it is beneficial to support RSSI measurement and reporting so that SSB transmission at NW and RSRP measurement at UE on one carrier could be disabled thanks to SS-RSRP measurement and reporting on another carrier. However, considering potential large impact on RAN2/RAN4 work to introduce RSSI measurement and reporting, this proposal can be further considered and discussed in next release.
Proposal 1:
· In Rel-15, different measurement BW for SS-RSSI from that for SS-RSRP is supported. 
· For intra-frequency SS-RSRQ measurement, maximum allowable bandwidth for NR carrier RSSI measurement is defined as follows.
· When the activated DL BWP contains SSB inside its bandwidth, maximum allowable bandwidth for NR carrier RSSI measurement is bandwidth of the active DL BWP.

· When the activated DL BWP does not contain SSB inside its bandwidth, 

· If there is at least one configured DL BWP that contains SSB inside its bandwidth,

· Maximum allowable bandwidth for NR carrier RSSI measurement is minimum bandwidth among configured DL BWPs that contain SSB inside their bandwidth.
· If all configured DL BWPs do not contain SSB inside their bandwidth,

· Maximum allowable bandwidth for NR carrier RSSI measurement is bandwidth of CORESET configured by PBCH if it is indicated in PBCH, or SS/PBCH block bandwidth if CORESET bandwidth is not indicated in PBCH.
·  For inter-frequency measurement, UE should measure SS-RSSI on SSB bandwidth.
2.2. Rate matching behavior around SSB when RRM measurement is configured without measurement gap
At previous RAN1 meetings, UE rate matching behavior around SSB when RRM measurement is configured without measurement gap was discussed. At previous RAN4 meetings, UE behavior during measurement outside measurement gap was agreed in [3] as below. Based on [3], RAN1 should decide whether or not to define specific rate matching behavior around those unavailable symbols.
	Within a SMTC window which is not overlapped with measurement gap in non-CA case:

· In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:

· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and [1] symbol after each consecutive SSB symbols within SMTC window duration if useServingCellTimingForSync is enabled

· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled

· In FR2 intra-frequency SS-RSRP/SINR measurement:

· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)

· In FR2 intra-frequency SS-RSRQ measurement:

· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)

· Note: whether or not to define specific behavior for rate matching around above symbols is up to RAN1

· Note: RAN4 needs to check if cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133 when useServingCellTimingForSync is enabled

· Regarding the value of “X”,

· Option 1: X = [1]

· Option 2: Companies are encouraged to investigate the value of X. If it is identified that X needs to be large value e.g., more than 4, following alternative solutions should be considered

· SMTC-based solution, i.e., all symbols within SMTC window are not available for data transmission/reception

· SSB-slot-based solution, i.e., all symbols within slot(s) containing SSB are not available for data transmission/reception


Generally, there are two options.

Option 1: RAN1 defines specific rate matching behavior
Option 2: RAN1 does not define specific rate matching behavior

With specific rate matching behavior as in Option 1, UE can be scheduled on set of symbols containing actually transmitted SSB symbols for measurement to improve the transmission efficiency. In Option 1, gNB scheduler can be simplified since it does not need to care about SSB symbols to be used for measurement. However, additional specification effort is required to define such rate matching behavior, and the performance gain may be quite marginal at the cost of increased UE complexity. In addition, even without such rate matching behavior, UE can be scheduled on non-collided symbols via non-slot based approach.

Either option could work and is fine for us. Considering the simplicity and limited time, Option 2 is slightly preferred.

Proposal 2:
· RAN1 does not define specific rate matching behavior around SSBs for measurement.
2.3. Inter-frequency/inter-RAT measurement with useServingCellTimingForSync
An IE ‘useServingCellTimingForSync’ is defined in ‘measObjectNR’. For intra-frequency measurement, it can be used to indicate that SSB index of neighbor cells can be derived by the frame timing of serving cell, i.e., without performing PBCH reading and/or PBCH-DMRS sequence identification. 
In TDD band, the IE ‘useServingCellTimingForSync’ should be always enabled. Otherwise, UE assumption should be clarified if it is not enabled in TDD band. 
For inter-frequency measurement, meaning of the IE is not clear yet. Following three interpretations can be considered when ‘useServingCellTimingForSync’ is enabled in ‘measObjectNR’ for inter-frequency measurement.

· Alt.1: UE assumes that all neighbor cells on the target frequency carrier are synchronized, and SSB index of neighbor cells can be derived by frame timing of one of the cells on the carrier.
· Alt.2: UE assumes that all neighbor cells on the target frequency carrier are synchronized with serving cell (e.g., NR PCell or PSCell which configures ‘measObjectNR’), and SSB index of neighbor cells can be derived by frame timing of NR PCell or PSCell.
· Alt.3: The IE ‘useServingCellTimingForSync’ can be used only for intra-frequency measurement, and enabling this IE for inter-frequency measurement is considered as error configuration (i.e., discarded).
Considering that SSB index identification based on PBCH reading and/or PBCH-DMRS sequence identification causes measurement delay, either Alt. 1 or Alt. 2 should be applied for inter-frequency measurement. Especially, Alt.2 is preferable since UE can derive SSB index of inter-frequency neighbor cells without reading PBCH and/or PBCH-DMRS sequence.
In addition, the IE ‘useServingCellTimingForSync’ is not defined in ‘measObjectNR’ in TS 36.331 for inter-RAT measurement. If Alt.1 or Alt.2 above is applied for inter-frequency measurement, this IE should also be defined for inter-RAT measurement. If Alt.3 is applied for inter-frequency measurement, it seems consistent with current TS 36.331. However, in order to avoid reading PBCH/PBCH-DMRS of neighbor cells when inter-frequency neighbor cells are synchronized with serving PCell or PSCell, it should be possible to use ‘useServingCellTimingForSync’ even in case of inter-frequency/inter-RAT measurement. 
Proposal 3:
· UE behavior when IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-frequency measurement should be clarified as below.
· When IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-frequency measurement, UE assumes that all neighbor cells on the target frequency carrier are synchronized with serving cell and SSB index of neighbor cells can be derived based on frame timing of the serving cell.
· The serving cell above is PCell when ‘measObjectNR’ is configured by MN, and the serving cell above is PSCell when ‘measObjectNR’ is configured by SN.
· The IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is introduced in TS36.331 for inter-RAT measurement.
· When IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-RAT measurement, UE assumes that all neighbor cells on the target frequency carrier are synchronized with serving PCell and SSB index of neighbor cells can be derived based on frame timing of the serving PCell.
3. CSI-RS based RRM measurement

3.1. Measurement BW of CSI-RS for L3 mobility    
At the last RAN1 meeting, there was a discussion on measurement BW of CSI-RS for L3 mobility. As the measurement BW of CSI-RS for L3 mobility is configured per cell, the UE’s measurement behavior when CSI-RS for L3 mobility has different bandwidths configured in the same frequency layer needs to be clarified. RAN4 already defined UE measurement behavior outside active DL BWP using measurement gap shared with inter-frequency measurement. Therefore, based on RAN4’s decision, for intra-frequency measurement, UE can measure CSI-RS outside active DL BWP if measurement gap is configured. While if measurement gap is not configured, UE is not expected to measure CSI-RS outside active DL BWP. For inter-frequency measurement, it is up to UE implementation how to perform CSI-RS based RRM measurement. Since CSI-RS measurement BW and frequency location is configured per cell, UE may use a single wide bandwidth to receive CSI-RS from different cells but to measure CSI-RS per cell separately. Anyway, measurement BW and measurement requirements of CSI-RS for L3 mobility should be handled by RAN4 instead of RAN1. RAN1 shall have no additional agreements on this issue.
Proposal 4:
· RAN1 has no additional agreements on measurement BW of CSI-RS for L3 mobility. Let RAN4 discuss this issue.
3.2. Associated SSB configuration for L3 mobility CSI-RS
In previous RAN1 meetings, there were following agreements regarding associated SSB configuration for L3 mobility CSI-RS. 
	Agreements: (RAN1#91)
· For each CSI-RS resource, at most one associated SSB can be configured 

· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer

· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer

· In this case, UE may assume that the carrier is synchronized with the serving cell.

· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected

Agreements: (RAN1#AH1801)

· Regarding previous agreements:

· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer

· In this case, UE may assume that the carrier is synchronized with the serving cell.

· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected
· Adopt: 

· N2 = 64

· FFS whether CSI-RS resources associated with and without SSB be configured in the same frequency layer.


At the last RAN1 meeting, there was discussion on whether CSI-RS resources associated with and without SSB can be configured in the same frequency layer. Regarding this issue, there seems no need to restrict the mixed configuration of CSI-RS resources with and without associated SSB in the same frequency layer. For example, for a cell, the CSI-RS resources can be configured with associated SSBs, while for the other cells on the same frequency layer, the CSI-RS resources can be configured with or without associated SSBs. Such scenario exists; hence, it is preferred not to introduce restriction on such configuration.
If CSI-RS resources associated with and without SS/PBCH block can be configured in the same frequency layer, the maximum number of CSI-RS resources that can be configured per frequency layer for a UE should be defined. Regarding the agreed values of N1 and N2 for the maximum number of CSI-RS resources, based on previous discussion, they should be interpreted as maximum number of CSI-RS resources in non-mixed configuration. In mixed configuration, maximum N3=64 number of CSI-RS resources can be configured per frequency layer considering the UE complexity. The restriction on maximum CSI-RS resources should be captured in TS 38.214 Section 5.1.6.1.3.
Proposal 5:
· CSI-RS resources associated with and without SS/PBCH block can be configured in the same frequency layer.
· When CSI-RS resources associated with and without SS/PBCH block are configured in the same frequency layer, maximum N3=64 number of CSI-RS resources can be configured per frequency layer.

· Adopt the proposed text proposal in TS 38.214.
	5.1.6.1.3
CSI-RS for mobility

If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the Cell_ID of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [‘QCL-TypeD’].
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility, the higher layer parameter associatedSSB may be or may be not configured. For a UE, maximum 96 CSI-RS-Resource-Mobility can be configured per frequency layer if each CSI-RS-Resource-Mobility is configured with associatedSSB, and maximum 64 CSI-RS-Resource-Mobility can be configured per frequency layer if at least a CSI-RS-Resource-Mobility is not configured with associatedSSB.


3.3. C-DRX UE’s assumption on CSI-RS reception 
At the last RAN1 meeting, C-DRX UE’s assumption on CSI-RS reception was discussed and there was no consensus on following two alternatives [2].

	· Alt 1: UE assumes that the periodicity of CSI-RS resources before entering C-DRX mode is kept during C-DRX mode, and it is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time.

· Supported by Vivo, LGE

· Alt 2: Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX.

· Supported by ZTE, Sanechip, NTT Docomo, Nokia, NSB, Huawei


In RAN1#90 meeting, it was agreed that UE is not required to measure CSI-RS configured for L3 mobility outside the active time. In that case, the simpler way is that network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX. In addition, there is no need for UE to assume that configured CSI-RS resources for L3 mobility are present outside the active time
Proposal 6:
· Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX.
· UE configured with C-DRX should not assume that configured CSI-RS resources for L3 mobility are transmitted outside the active time.
4. Conclusion 

In this contribution, we discussed on remaining issues on measurement and configuration for mobility management. Based on the discussion, we made following proposals. 

Proposal 1:

· In Rel-15, different measurement BW for SS-RSSI from that for SS-RSRP is supported. 
· For intra-frequency SS-RSRQ measurement, maximum allowable bandwidth for NR carrier RSSI measurement is defined as follows.
· When the activated DL BWP contains SSB inside its bandwidth, maximum allowable bandwidth for NR carrier RSSI measurement is bandwidth of the active DL BWP.

· When the activated DL BWP does not contain SSB inside its bandwidth, 

· If there is at least one configured DL BWP that contains SSB inside its bandwidth,

· Maximum allowable bandwidth for NR carrier RSSI measurement is minimum bandwidth among configured DL BWPs that contain SSB inside their bandwidth.
· If all configured DL BWPs do not contain SSB inside their bandwidth,

· Maximum allowable bandwidth for NR carrier RSSI measurement is bandwidth of CORESET configured by PBCH if it is indicated in PBCH, or SS/PBCH block bandwidth if CORESET bandwidth is not indicated in PBCH.
·  For inter-frequency measurement, UE should measure SS-RSSI on SSB bandwidth.
Proposal 2:
· RAN1 does not define specific rate matching behavior around SSBs for measurement.
Proposal 3:

· UE behavior when IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-frequency measurement should be clarified as below.
· When IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-frequency measurement, UE assumes that all neighbor cells on the target frequency carrier are synchronized with serving cell and SSB index of neighbor cells can be derived based on frame timing of the serving cell.
· The serving cell above is PCell when ‘measObjectNR’ is configured by MN, and the serving cell above is PSCell when ‘measObjectNR’ is configured by SN.
· The IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is introduced in TS36.331 for inter-RAT measurement.
· When IE ‘useServingCellTimingForSync’ in ‘measObjectNR’ is enabled for inter-RAT measurement, UE assumes that all neighbor cells on the target frequency carrier are synchronized with serving PCell and SSB index of neighbor cells can be derived based on frame timing of the serving PCell.
Proposal 4:
· RAN1 has no additional agreements on measurement BW of CSI-RS for L3 mobility. Let RAN4 discuss this issue.
Proposal 5:
· CSI-RS resources associated with and without SS/PBCH block can be configured in the same frequency layer.
· When CSI-RS resources associated with and without SS/PBCH block are configured in the same frequency layer, maximum N3=64 number of CSI-RS resources can be configured per frequency layer.

· Adopt the proposed text proposal in TS 38.214.
	5.1.6.1.3
CSI-RS for mobility

If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the Cell_ID of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [‘QCL-TypeD’].
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility, the higher layer parameter associatedSSB may be or may be not configured. For a UE, maximum 96 CSI-RS-Resource-Mobility can be configured per frequency layer if each CSI-RS-Resource-Mobility is configured with associatedSSB, and maximum 64 CSI-RS-Resource-Mobility can be configured per frequency layer if at least a CSI-RS-Resource-Mobility is not configured with associatedSSB.


Proposal 6:
· Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX.
· UE configured with C-DRX should not assume that configured CSI-RS resources for L3 mobility are transmitted outside the active time.
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