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1. Introduction
In RAN#88-e plenary meeting, the exception sheet for CSI-RS based L3 measurement has been approved in [1]. And the following open issues are aimed to be concluded in this meeting:
· CSI-RS configuration applicability
· Scope of requirement
· UE capability
· UE measurement capability requirement
· Cell identification requirement
· Scheduling restriction
· The collision case between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell
· CSSF for CSI-RS based measurement within measurement gap and outside of measurement gap. 
· Synchronization assumption for CSI-RS measurement
In this contribution, we would like to discuss the remaining issues on cell identification related requirements and provide our proposals.
2. Discussion
In last meeting, RAN4 had reached the consensus on cell identification and measurement period requirements. The related agreement were captured in agreed WF [2], which are copied as follows:
	Cell identification and measurement period
· For both CSI-RS intra and inter-frequency measurement, CSI-RS based cell identification comprises associated SSB-based cell identification and CSI-RS based measurements period, where associated SSB-based cell identification is the same as the cell identification for SSB-based measurement.
TPSS/SSS_sync  and TSSB_time_index can be reused for the case that cell search via SSB and PBCH decoding are needed, which are determined according to clause 9.2.5 for SSB based intra-frequency measurements, or clause 9.3.4 for SSB based inter-frequency measurement,
· If UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, UE can skip PBCH decoding.
· FFS: whether to introduce 2 different requirements for with index and without index.
· For CSI-RS intra-frequency measurement, 
          T CSI-RS_identify_intra= (TPSS/SSS_sync + T CSI-RS_measurement_period_intra + TSSB_time_index) ms
Reuse [5] samples for intra-frequency measurement period.
For inter-frequency CSI-RS measurement, 
           T CSI-RS_identify_inter= (TPSS/SSS_sync + T CSI-RS_measurement_period_inter + TSSB_time_index) ms
Reuse the values of SSB samples for inter-frequency measurement period.
FFS: The tuning time of inter-frequency GAP of CSI-RS measurement shall be longer than to the gap switch time for measuring the inter-frequency SSBs.


In Rel-15, the SSB based cell identification requirement are defined with or without associated SSB index. If the UE is not required to report the RRM measurement result with the associated SSB index or the UE is indicated that the neighbour cell is synchronous with the serving cell, the cell identification requirement without SSB index acquisition applies. Otherwise, the cell identification requirement shall include SSB index acquisition. For CSI-RS based cell identification requirement, as only associated-SSB case is considered in Rel-16, UE needs to acquire the timing of the target cell by detecting associated SSB and SSB index acquisition if needed prior to the corresponding CSI-RS measurement. Thus, we think both requirement with and without SSB index should be defined for CSI-RS based cell identification requirement.  
Proposal 1: The cell identification requirements shall be defined with and without associated SSB index respectively.
For the tuning time of gap for CSI-RS based inter-frequency measurement, some companies proposed to define a longer time than the tuning time of gap for SSB based measurement. The reason is that UE may need extra time to adjust the potential larger BW of target CSI-RS resource. However, according to my understanding, the tuning time of gap (0.5ms for one way) for SSB based measurement is a relative loose value, which can consume the extra adjustment time for CSI-RS measurement. Hence, we think it is not necessary to introduce a longer tuning time for CSI-RS based measurement.
Proposal 2: It is not necessary to introduce a longer tuning time for CSI-RS based measurement.
Regarding the Rx beam sweeping for CSI-RS based L3 measurement, RAN4 had made the following agreement in [2].
	Scope of Requirements 
· Define requirements only for intra-f without gap and inter-f with gap in Rel-16.
· No requirements shall be defined in Rel-16 for CSI-RS L3 measurement, when 
· associated SSB is not configured
· associated SSB is not detected even if associated SSB is configured
· UE is not required to perform CSI-RS based L3 measurement when associated SSB is not QCLed with CSI-RS for FR2
· FFS: UE is not required to perform Rx beam sweeping for CSI-RS based L3 measurement
· FFS on the case that the multiple CSI-RS resources from different cells are transmitted in the same OFDM symbols in one MO, and the CSI-RS resources are QCL-ed with different associated SSB.


For CSI-RS based inter-frequency measurement, UE may need to consider Rx beam sweeping operation in the following procedures
1. Adjust its Rx beam from serving cell to target cell
2. From associated SSB detection to CSI-RS measurement 
When UE performs CSI-RS based measurement on neighbor cell, UE may need to adjust its Rx beam from serving cell to target cell, as illustrated in figure 1. Hence, the Rx beam sweeping shall be considered for CSI-RS based measurement, and the scaling factor is the same as SSB based measurement, N=8.
As it was agreed that UE is not required to perform CSI-RS based L3 measurement when associated SSB is not QCL-ed with CSI-RS for FR2, and when the configured CSI-RS resource is QCLed to the associated SSB, UE would use the same Rx beam selected for SSB measurement to perform CSI-RS based measurement in FR2. And the CSI-RS based measurement period does not need to consider the scaling factor due to Rx beam sweeping.


Figure 1: Rx beam sweeping
Proposal 3: Rx beam sweeping from serving cell to target cell shall be considered for CSI-RS based measurement in FR2.
Proposal 4: Rx beam sweeping from associated SSB detection to CSI-RS measurement shall not be considered for CSI-RS based inter-frequency measurement in FR2 in Rel-16.
Regarding the time domain restriction for CSI-RS resource configuration, it was agreed in last meeting that RAN4 should restrict the time restriction for configured CSI-RS resource when defining CSI-RS based intra/inter-frequency measurement requirement, other than introducing CMTC definition. As discussed in previous meeting, the flexibility of CSI-RS resource configuration will increase significantly UE complexity to perform CSI-RS measurement. In order to guarantee the measurement performance, it is necessary to restrict the CSI-RS resource configuration. And we propose the time domain restriction for CSI-RS resource configuration is introduced as follows:
· CSI-RS resources are configured in 5ms window
· CSI-RS periodicities for L3 measurement : [10,20,40] ms
· Only one CSI-RS periodicities can be configured for CSI-RS frequency layer
Proposal 5: The time domain restriction for CSI-RS resource configuration is introduced as follows:
· CSI-RS resources are configured in 5ms window
· CSI-RS periodicities for L3 measurement : [10,20,40] ms
· Only one CSI-RS periodicities can be configured for CSI-RS frequency layer

Scheduling restriction requirement
In last meeting, RAN4 had extensive discussion on scheduling restriction requirement for CSI-RS L3 measurement. The related agreement were captured in agreed WF [2], which are copied as follows:
	UE capability of simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell 
FFS: Introduce new UE capability to indicate the simultaneous reception of CSI-RS of neighbor cell and SSB of serving cell
Scheduling restriction
· FFS when UE is not able to support mixed numerology of data and CSI-RS L3 mobility, UE is not expected to transmit or receive on [2] data OFDM symbols impacted by CSI-RS resource symbols to be measured 
· FFS when UE performs CSI-RS intra-frequency measurements in a TDD band, UE is not expected to transmit or receive on [2] data OFDM symbols impacted by CSI-RS resource symbols to be measured 
· FFS when UE performs RX beam sweeping, UE is not expected to transmit or receive [1] data symbol before and after CSI-RS symbol to be measured due to Rx beam sweeping.
· For the collision case between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell 
Option 1: Do not define CSI-RS measurement requirements for the collision case.
Option 2: Network should configure L1 measurement resource to avoid collision with CSI-RS L3 measurement resource of neighbor cell.


According to the discussion in previous meetings, we think that the scheduling restriction for CSI-RS based L3 measurement shall be introduced for the following scenarios:
1. Mix-numerology between data/SSB of serving cell and CSI-RS of neighbor cell
2. RX beam sweeping from serving cell to neighbor cell in FR2
3. Collision between UL transmission and DL measurement for TDD carrier
In Rel-15, the UE capability of SimultaneousRxDataSSB-DiffNumerology was introduced to indicate whether UE support to receive simultaneous data on serving cell and SSB of neighbour cell. Similarity, the UE capability of simultaneous reception of CSI-RS of neighbour cell and SSB/data of serving cell can be introduced for CSI-RS measurement. If UE supports to receive simultaneous CSI-RS of neighbour cell and SSB/data of serving cell, the CSI-RS based measurement with different SCS could be performed without scheduling restriction. If UE does not support to receive simultaneous SSB/data of serving cell and CSI-RS signal of neighbour cell, UE will prioritize to perform CSI-RS based measurement on neighbour cell and the requirements of scheduling restriction shall be applied to the mixed numerology between data/SSB of serving cell and CSI-RS of neighbour cell. Hence, the UE is not expected to transmit or receive on CSI-RS symbol to be measured. And additionally, considering the timing misalignment between serving cell and neighbour cell, UE is not expected to transmit or receive on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
As discussed in previous meeting, if RAN4 agree to introduce the UE capability to support mixed numerology between SSB/data of serving cell and CSI-RS of neighbour cell, how to introduce the signalling is FFS. From UE compatibility point of view, we prefer to introduce a new capability signalling other than extending Rel-15 signalling SimultaneousRxDataSSB-DiffNumerology. 
Proposal 6: Introduce a new UE capability to support the mixed numerology between data/SSB of serving cell and CSI-RS of neighbour cell.
Proposal 7: If UE does not support to receive simultaneous SSB/data of serving cell and CSI-RS signal of neighbour cell, then the UE is not expected to transmit or receive on CSI-RS symbol to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Similar as SSB based measurement, the Rx beam used for neighbour cell measurement may be different for that for serving cell measurement. And the scheduling restriction shall be specified for CSI-RS based measurement in FR2. Hence, the UE is not expected to transmit or receive on CSI-RS symbol to be measured. And additionally, considering the timing misalignment between serving cell and neighbour cell, UE is not expected to transmit or receive on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 8: For CSI-RS measurement on FR2 intra-frequency cell, UE is not expected to transmit or receive on CSI-RS symbol to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
In case that there is the collision between UL transmission and CSI-RS based measurement on neighbour cell in a TDD band, according to my understanding, the same principle defined for SSB based measurement shall be reused, in other word, UE will prioritize to perform CSI-RS based neighbour cell measurement other than UL transmission. And the UE is not expected to transmit or receive on CSI-RS symbol to be measured. And additionally, considering the timing misalignment between serving cell and neighbour cell, UE is not expected to transmit or receive on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 9: In case there is the collision between UL transmission and CSI-RS based measurement on neighbour cell in a TDD band, UE is not expected to transmit or receive on CSI-RS symbol to be measured. And additionally, considering the timing misalignment between serving cell and neighbour cell, UE is not expected to transmit or receive on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
3. Conclusion
In this contribution, we discuss the remaining issues on cell identification related requirements and provide our proposals as follows:
Proposal 1: The cell identification requirements shall be defined with and without associated SSB index respectively.
Proposal 2: It is not necessary to introduce a longer tuning time for CSI-RS based measurement.
Proposal 3: Rx beam sweeping from serving cell to target cell shall be considered for CSI-RS based measurement in FR2.
Proposal 4: Rx beam sweeping from associated SSB detection to CSI-RS measurement shall not be considered for CSI-RS based inter-frequency measurement in FR2 in Rel-16.
Proposal 5: The time domain restriction for CSI-RS resource configuration is introduced as follows:
· CSI-RS resources are configured in 5ms window
· CSI-RS periodicities for L3 measurement : [10,20,40] ms
· Only one CSI-RS periodicities can be configured for CSI-RS frequency layer
Proposal 6: Introduce a new UE capability to support the mixed numerology between data/SSB of serving cell and CSI-RS of neighbour cell.
Proposal 7: If UE does not support to receive simultaneous SSB/data of serving cell and CSI-RS signal of neighbour cell, then the UE is not expected to transmit or receive on CSI-RS symbol to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 8: For CSI-RS measurement on FR2 intra-frequency cell, UE is not expected to transmit or receive on CSI-RS symbol to be measured, and on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
Proposal 9: In case there is the collision between UL transmission and CSI-RS based measurement on neighbour cell in a TDD band, UE is not expected to transmit or receive on CSI-RS symbol to be measured. And additionally, considering the timing misalignment between serving cell and neighbour cell, UE is not expected to transmit or receive on 1 data symbol before each consecutive CSI-RS symbols to be measured and 1 data symbol after each consecutive CSI-RS symbols to be measured.
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