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Introduction
In the past RAN meeting, the exception sheet for CSI-RS L3 measurement was agreed in [1]: 
· Scope of requirement
a) whether UE is required to perform Rx beam sweeping for CSI-RS based L3 measurement
· Cell identification requirement
a) whether to introduce 2 different requirements for with index and without index
b) the tuning time of inter-frequency GAP
c) time-domain restriction on CSI-RS resources configuration 
d) note: CMTC for CSI-RS L3 measurement is out of scope
· UE capability
a) New UE capability on the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell
· The collision case between L1 measurement of serving cell and CSI-RS L3 measurement of neighbour cell
· Scheduling restriction on the following cases
a) when UE is not able to support mixed numerology of data and CSI-RS L3 mobility
b) when UE performs CSI-RS intra-frequency measurements in a TDD band
c) when UE performs RX beam sweeping
· CSSF for CSI-RS based measurement within measurement gap and outside of measurement gap. 
This contribution provides our views on these issues.
Discussion on CSI-RS based L3 measurement period requirement
 On the scope of UE behaviour in R16
In previous meeting, it was agreed that the requirement of CSI-RS based L3 measurement only considers the cases where associatedSSB is configured. That means the scope of R16 only considers the cases where UE
· is aware of which SSB, i.e. aware of the index of the SSB and the phy cell ID, need to be detected before the corresponding CSI-RS L3 measurement, and
· can detect the SSB that is associated to the CSI-RS to be measured if the signal quality is above side condition.
In last meeting, another issue that discussed extensively was whether dedicated searcher is considered for CSI-RS based L3 measurement. In our view, considering the second bullet above, this can be further divided into the following cases
· Case I: (dedicated searcher for CSI-RS) the associated SSB of CSI-RS can be detected separately from and simultaneously with a SSB-based MO. Whether RF paths for the simultaneous detection is the same may need further discussion.
· Case II: (re-use the searcher of SSB) the associated SSB needs to be detected in this MO or a different MO, and afterward CSI-RS based measurement is only done after the associated SSB can be detected in some MO. There could be no need for separate detection in CSI-RS based measurement if the associated SSB detection is already configured in some MO.
For case I, a CSI-RS based frequency layer can be regarded as a totally different layer from SSB based layers, no matter whether they are configured in the same MO or not. For example, in this case, UE should be able to obtain the index of SSB during the detection procedure of the associated SSB if it is detectable and such requirement is needed and should be same as the SSB-based cases. Moreover, the Rx beam sweeping for the associated SSB detection should also be performed. 
For case II, a CSI-RS based measurement should be considered as “additional task” after SSB-based detection and the requirements are highly related to SSB-based measurements. In this case the CSI-RS based measurement can be considered as “highly relevant” layer to an SSB-based layer. If the associated SSB detection is not included in any SSB-based MO, then dedicated SSB detection is needed for this CSI-RS based MO.
Since case I and case II belongs to different UE behaviour, and considering the fact that this is already an extended meeting for R16 completion, we suggest to consider the worst case between case I and case II for specifying each requirement in R16. Otherwise, it would take too much time for arguing which should be adopted or which is not.
Proposal 1: Between the selection among w/ wo dedicated searcher for CSI-RS based L3 measurement, if no quick convergence in the first round can be achieved, we suggest to consider the worst case for each RRM requirements.

On whether to introduce 2 different requirements for with index and without index
In R15, the SSB-based L3 measurement requirements differentiate two case:
· SSB index needs not to be detected, if
· UE is indicated that the neighbour cell is sync with serving cell, which is always true for FR1 TDD and FR2, or,
· UE is not indicated to report SSB-based result with the associated SSB index.
· SSB index needs to be detected, otherwise
As discussed in our companion paper [2], our first preference is to delay the CSI-RS based requirements for asynchronous deployment to R17. Therefore, the serving cell and neighbour cell can always be considered as synchronized in this case and no need for specifying additional period for SSB index acquisition. Note that in [3], the technically endorsed version should be further revised if this is adopted.
However, if RAN4 agrees to define asynchronous deployment requirement in R16, then in our view additional period for SSB index acquisition is needed, since UE is required not only to identify the cell but also the index of the SSB that provides synchronization information.
Proposal 2 If asynchronous deployment requirement can be delay to R17, there is no need to specify period for SSB index acquisition in R16, i.e. TSSB_time_index = 0.
Proposal 3 If asynchronous deployment requirement need to be specified in R16, prefer to specify both with index and without index requirements, while the former are the same as SSB based requirements.

 Time domain restriction for CSI-RS based L3 measurement
In last meeting, another issue that was extensively discussed is the time domain restriction for CSI-RS based L3 measurement. Since associated SSB is always configured and UE need to detect the associated SSB first before CSI-RS measurement, in last meeting, some companies propose to restrict the CSI-RS for mobility in the SMTC, which is compatible with the measurement gap configurations and reduce the UE effort for SSB tracking before CSI-RS based measurement. However, such restriction is difficult for network vendors to adopt, since clearly the available REs for CSI-RS configuration will be very limited.
In our view, regarding to time domain restriction we should differentiate intra-frequency measurement and inter-frequency measurement.
For inter-frequency measurement, since it is already agreed to only define requirement for inter-frequency measurement with gap, both the CSI-RS and the associated SSB should be confined in the same gap configuration. Since the measurement gap definition in R15 only considered SSB-based measurement, there would be no room for additional CSI-RS measurement if it is outside the SMTC. For example, note the available gap periodicity can only be 20ms as mininmum in current 38.133, and if SMTC of associated SSB equals 20ms, all SMTC are fully overlapped with gap. Therefore from measure gap perspective, to obtain extra room for CSI-RS configuration, SMTC periodicity has to be no smaller than 40ms. On the other hand, SMTC periodicity that is longer than 40ms is also not feasible because the maximum CSI-RS periodicity is 40ms. Therefore networks may have only limited available configuration as 40ms periodicity for SMTC and 20ms periodicity for gap, if network don’t want to confine CSI-RS in SMTC. That would be an even bigger constraint in our perspective. Note that shorter SMTC duration won’t help much since anyway the gap length is not increased. One possibility is to utilize the additional measurement gap defined for positioning, however given very limited time it is proposed to consider this possibility in R17.
Proposal 4 CSI-RSs that used for inter-frequency L3 measurement are confined in the corresponding SMTCs configured in the MO for the inter-frequency layer.
For intra-frequency measurement, according to the agreed WF in last meeting, UE is required to be able to monitor as many as [24] or [32] beams/resources which is much more than the inter-frequency cases. That means more REs should be reserved for CSI-RS configuration. In last meeting, quite many companies are fine with introducing additional 5ms after the SMTC for CSI-RS measurement, i.e. the CSI-RS for intra-frequency measurement should be confined within a  window with length up to 10ms, including SMTC and the 5ms window after SMTC, if the SMTC periodicity is larger than 5ms. This is proposed as wayforward in R16.
Proposal 5 CSI-RSs that used for intra-frequency L3 measurement are confined in a time window up to 10ms including the SMTC and the 5ms window after SMTC, where the corresponding SMTC is configured in the MO for the intra-frequency layer.
Another issue related to the time domain restriction is the RF tuning time for inter-frequency measurement. In R15 it was agreed as 0.5ms for FR1 and 0.25ms for FR2, and note that the tuning time applies for both ways, i.e. from data to SSB measurement and from SSB measurement to data. Some companies argued that CSI-RS L3 measurement should be considered for longer tuning time due to the larger CSI-RS BW. In our view we do not think it is necessary to further introduce UE capability for this issue, especially given the quite significant standard impact and very limited time in R16.
Proposal 6 The tuning time of inter-frequency GAP of CSI-RS measurement shall be equal to the gap switch time for measuring the inter-frequency SSBs.
Another issue is whether the periodicity of CSI-RS configured for the same frequency layer need to be the same. In our understanding, the periodicity of SSBs in the same frequency layer has to be same and this provide big convenience in UE measurement. From the simplicity of requirements point of view, it is proposed that all CSI-RSs in the same frequency layer has the same periodicity and the periodicity is the same as SMTC periodicity.
Proposal 7 The periodicity of CSI-RS resources for mobility measurement need to be the same as SMTC periodicity on that frequency layer.

 On requirements for Rx beam sweeping.
In R15, the SSB based requirement was defined considering Rx beam sweeping, i.e. a scaling factor that is related to different power class is introduced for FR2 UEs. 
In R16, it is agreed that CSI-RS based requirement is defined only when associated SSB is configured. Therefore, UE need to perform additional SSB detection if dedicated searcher of CSI-RS is considered. If dedicated searcher is considered, UE may need to perform Rx beam sweeping during associated SSB detection. On the other hand, if no dedicated searcher is considered, the SSB detection result for the corresponding SSB layer can be re-used, and there is no need for the Rx beam sweeping for the CSI-RS layer, if it is relevant to a SSB layer.
On the other hand, while SSB based measurement considers all SSBs from all possible cells in SMTC, the CSI-RS for measurement may considers only the associated SSBs of the cells that are indicated. Moreover, each CSI-RS is associated to a specific SSB, which means the beam sweeping is not needed for the symbol carrying CSI-RS of a specific SSB.
However, there could be two or more cells on the same frequency layer that share one common OFDM symbol for CSI-RS measurement, i.e. two CSI-RSs from different cells that need to be measured with different RX beams exist in the same time domain resource, which can only be measured by sequential beam sweeping. In this case, network may not be aware of how many Rx beam is needed, and from the requirement point of view, it is suggested to consider for the worst case scenario, i.e. the number of Rx beam equals to the number of cell. Therefore, the agreement in RAN4 #94e-bis need to be clarified as follows
“If the CSI-RS is QCL-ed to the associated SSB, no Rx sweeping is needed only after SSB has been detected, if only CSI-RSs from one cell is indicated to be measured by the UE in the corresponding OFDM symbol.
If CSI-RSs from more than one cells are indicated to be measured in the same OFDM symbol, UE need to perform Rx beam sweeping and the requirement is scaled by a factor N, where N equals to the number of cell.”
Proposal 8 Rx beam sweeping is needed if CSI-RSs from more than one cells are indicated to be measured in the same OFDM symbol, and the requirement is scaled by a factor N, where N equals to the number of cell.
Based on above approach, another possible issue is that neighbour cell CSI-RS L3 measurement may collide with serving cell L1 measurement in the time domain, and the spatial Rx information is different. Here in our understanding, here serving cell measurements include RLM/BFD and CSI-RS for CSI measurement, which are mostly used for scheduling and other MAC functions. As discussed and concluded by previous LSs between RAN4 and RAN1, there will be no requirement if CSI-RS for neighbour cell UE is pre-empted by serving cell scheduling. Therefore, similar solution can be adopted here, i.e. no requirement if neighbour CSI-RS for mobility that indicated for measurement collides with serving cell measurement for RLM/BFD or other CSI-RS L1 measurement.
Proposal 9 No requirement if neighbour CSI-RS for mobility that indicated for measurement collides with serving cell measurement for RLM/BFD or other CSI-RS L1 measurement.

Discussion on scheduling restriction for CSI-RS based L3 measurement
For SSB based intra-frequency measurements, the following scheduling restriction was defined.
· Case I: Uplink scheduling (including PUCCH/PUSCH/SRS) restriction for SS-RSRP measurement in FR1 TDD
· Case II: Uplink scheduling (including PUCCH/PUSCH/SRS) restriction for SS-RSRQ measurement in FR1 TDD
· Case III: For UE not supporting “simultaneousRxDataSSB-DiffNumerology”, uplink scheduling (including PUCCH /PUSCH/SRS) and downlink scheduling (including PDCCH/PDSCH/TRS/CSI-RS for CQI) restriction for SS-RSRP/SS-RSRQ/SS-SINR in synchronous FR1
· Case IV: For UE not supporting “simultaneousRxDataSSB-DiffNumerology”, uplink scheduling (including PUCCH /PUSCH/SRS) and downlink scheduling (including PDCCH/PDSCH/TRS/CSI-RS for CQI) restriction for SS-RSRP/SS-RSRQ/SS-SINR for asynchronous FR1
· Case V: Uplink scheduling (including PUCCH/PUSCH/SRS) and downlink scheduling (including PDCCH /PDSCH/TRS/CSI-RS for CQI) restriction for SS-RSRP/SS-SINR in FR2
· Case VI: Uplink scheduling (including PUCCH/PUSCH/SRS) and downlink scheduling (including PDCCH /PDSCH/TRS/CSI-RS for CQI) restriction for SS-RSRQ in FR2
For case IV, the whole SMTC is reserved for measurement, while for other cases, only symbols that carry SSBs or are used for possible tuning, are reserved from scheduling. If asynchronous deployment requirement can be delayed to R17, then requirement for case IV may not be needed in R16.
For case I and II, the restrictions are not needed for CSI-RS since naturally CSI-RS exists in DL symbols which are not overlapped with UL. However the associated SSB for CSI-RS may follow R15.
For case III, this is related to the capability whether UE can support mixed numerology of data and CSI-RS L3 mobility. In our understanding, if UE is not able to support such feature, scheduling restriction should follow the same approach as SSB.
For case V and VI, these are related to RX beam sweeping for FR2. Since CSI-RS for mobility may use different RX beam from data, therefore it is natural to follow the same approach as SSB to specify these restrictions.
Based above discussion, we have the following proposals:
Proposal 10: For both Rx beam sweeping and the case that UE is not able to support different numerology between data and CSI-RS for mobility, scheduling restriction is needed and the same approach of SSB can be re-used.
Proposal 11: The scheduling restriction for associated SSB should also be specified, and the existing SSB requirements can be re-used. 
Proposal 12: Prefer to delay definition of scheduling restriction for asynchronous deployment to R17.

Discussion on CSSF for CSI-RS based L3 measurements
As discussed in last meeting, if additional dedicated searcher is assumed for CSI-RS based measurement, then there is no impact to current SSB based CSSF requirement. Furthermore, for the CSI-RS based measurement, the current definition of CSSF for SSB can be reused for the dedicated searcher, since the associated SSB need to be detected before CSI-RS measurement. If the associated SSB can be detected, then the following CSI-RS for neighbour cell can be measured.
On the other hand, if dedicated searcher is not assumed for CSI-RS, then CSI-RS should be assumed as additional measurement either relevant to an SSB layer or not. If only the “relevant to an SSB layer” case is considered in R16, then there is also no significant impact to SSB based CSSF in R16. However, if the case where the associated SSB is not configured in any SSB-based MO is also considered, then UE may need to additionally consider the CSI-RS based layer as an additional layer in the CSSF calculation.
For intra-frequency CSI-RS based L3 measurement, it was agreed to only define the case without gap in R16. In the R15 discussion, for SSB based measurement, it is quite possible that SMTCs for intra-frequency SSB measurements are overlapped with gap. Therefore, the CSSF definition for SSB considered various cases. For CSI-RS based measurement, since network may have much more flexibility in CSI-RS configuration, therefore the need for specifying various cases where CSI-RS are overlapped with gap or not may not be necessary. At least the case where CSI-RS is fully overlap with gap may not need to be considered.
Based on above discussion, we have the following proposals
Proposal 13: For CSI-RS based L3 measurement, reuse SSB-based CSSF as much as possible.
Proposal 14: The associated SSB need to be considered carefully in the CSSF definition of CSI-RS based measurement.
Proposal 15: At least CSI-RS fully overlapped with gap should be avoided by network configuration, i.e. no requirement for this case.

Conclusion
Based on above analysis, we have following proposals
Proposal 1: Between the selection among w/ wo dedicated searcher for CSI-RS based L3 measurement, if no quick convergence in the first round can be achieved, we suggest to consider the worst case for each RRM requirements.
Proposal 2 If asynchronous deployment requirement can be delay to R17, there is no need to specify period for SSB index acquisition in R16, i.e. TSSB_time_index = 0.
Proposal 3 If asynchronous deployment requirement need to be specified in R16, prefer to specify both with index and without index requirements, which are the same as SSB based requirements.
Proposal 4 CSI-RSs that used for inter-frequency L3 measurement are confined in the corresponding SMTCs configured in the MO for the inter-frequency layer.
Proposal 5 CSI-RSs that used for intra-frequency L3 measurement are confined in a time window up to 10ms including the SMTC and the 5ms window after SMTC, where the corresponding SMTC is configured in the MO for the intra-frequency layer.
Proposal 6 The tuning time of inter-frequency GAP of CSI-RS measurement shall be equal to the gap switch time for measuring the inter-frequency SSBs.
Proposal 7 The periodicity of CSI-RS resources for mobility measurement need to be the same as SMTC periodicity on that frequency layer.
Proposal 8 Rx beam sweeping is needed if CSI-RSs from more than one cells are indicated to be measured in the same OFDM symbol, and the requirement is scaled by a factor N, where N equals to the number of cell.
Proposal 9 No requirement if neighbour CSI-RS for mobility that indicated for measurement collides with serving cell measurement for RLM/BFD or other CSI-RS L1 measurement.
Proposal 10: For both Rx beam sweeping and the case that UE is not able to support different numerology between data and CSI-RS for mobility, scheduling restriction is needed and the same approach of SSB can be re-used.
Proposal 11: The scheduling restriction for associated SSB should also be specified, and the existing SSB requirements can be re-used. 
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Proposal 13: For CSI-RS based L3 measurement, reuse SSB-based CSSF as much as possible.
Proposal 14: The associated SSB need to be considered carefully in the CSSF definition of CSI-RS based measurement.
Proposal 15: At least CSI-RS fully overlapped with gap should be avoided by network configuration, i.e. no requirement for this case.
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