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1 Introduction
An WF [1] was agreed in last meeting to capture agreements as well as open issues for further study. The open issues related to measurement capability are summarized below
	WF on assumption and applicability
· Measurement capabilities per MO or per layer
· Option 1: per frequency layer
· Option 1a (CATT, Nokia): a frequency layer is identical to an MO 
· Option 1b (ZTE, Apple): One or multiple MOs can be one frequency layer.
· Option 2: per MO
· A frequency layer is identical to an MO 
· Option 3: Measurement capabilities per MO or per layer are the same, since single MO is configured per frequency layer, 
· CSI-RS resources in the same MO should have the same center frequency, SCS and CP type.
WF on number of frequency layers to be monitored
· CSI-RS based NR inter-frequency layers
· Option 1 (MediaTek, OPPO, Qualcomm, CATT, Apple, Huawei): 
· UE shall be able to measure at least 7 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers. 
· Option 2 (CMCC): 
· UE shall be able to measure at least [3] CSI-RS frequency layers. 
· UE shall be able to measure at least 8 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers. 
· Option 3 (ZTE): 
· UE shall be able to measure at least [7] CSI-RS frequency layers
WF on number of cells to be monitored
· Option 1 (MediaTek, OPPO, Qualcomm, Nokia): Shared capability for CSI-RS&SSB
· Number of monitored cells is determined by the UE capability based on SSB based measurements.
· Option 2(Huawei, CATT, CMCC):  Separated capability for CSI-RS
· Option 2a (Huawei): 
· Re-use the SSB requirements for CSI-RS on number of cells UE shall monitor per layer.
· Option 2b (CMCC): 
· For each intra-frequency layer, UE is capable of measuring [8] CSI-RS cell; 
· For each inter-frequency layer, UE is capable of measuring [4] CSI-RS cell.
· Option 3(ZTE): Capabilities for CSI-RS only and CSI-RS&SSB
· UE shall be capable of performing CSI-RS based measurements for at least [8] identified cells in FR1 for intra frequency measurement and at least [4] identified cells in FR1 for inter frequency measurement, at least [6] identified cells in FR2 for intra frequency measurement and at least [4] identified cells in FR2 for inter frequency measurement.
· UE shall be capable of performing SSB and CSI-RS based measurements for at least [12] identified cells in FR1 for intra frequency measurement and at least [6] identified cells in FR1 for inter frequency measurement.
· UE shall be capable of performing CSI-RS based measurements for at least [9] identified cells in FR2 for intra frequency measurement and at least [6] identified cells in FR2 for inter frequency measurement.
WF on number of CSI-RS resource/beams to be monitored
· Option 1(CATT, Huawei): UE shall monitor at least 32 CSI-RS resources per frequency layer 
· Option 2(ZTE): Define different UE capability for different scenarios, and number of CSI-RS resources shall be monitored by UE,
· [24] CSI-RS resources for intra frequency measurements in FR1
· [48] CSI-RS resources for intra frequency measurements in FR2,
· [16] CSI-RS resources for inter frequency measurements in FR1,
· [24] CSI-RS resources for inter frequency measurements in FR2.
· Option 3 (MTK,OPPO, Apple): Requirements defined the same requirements as those for SSB 
· If network configures more CSI-RS resources in an MO than the UE measurement capability, the UE behavior is undefined.
· For FR1, 14 and 7 CSI-RS resources for intra-f and inter-f, respectively. 
· For FR2, 24 and 10 CSI-RS resources for intra- and inter-frequency, respectively and at least 1 CSI-RS resources per cell.
· Option 4 (CMCC, Huawei)：
· For each intra-frequency layer, the number of CSI-RS resource is proposed to be [32].
· For each inter-frequency layer, the number of CSI-RS resource is proposed to be [24].
WF on UE capability to indicate maximum CSI-RS resources in a slot per MO
· Option 1(Huawei, MTK, OPPO): Introduce UE capability to indicate the maximum number of CSI-RS resources per MO in a slot.
· Option 2(ZTE): Not to define UE capability to indicate maximum CSI-RS resources in a slot per MO.
· Option 3(Qualcomm, Apple, Huawei): The total number of CSI resources that UE can monitor per slot should come from the UE capability maxNumberCSI-RS-RRM-RS-SINR. 
· FFS how to split up
WF on UE buffering and processing capability
· Option 1: Introduce UE capability on the minimum separation between two slots with CSI-RS resources.
· Option 2: Not to introduce UE capability on the minimum separation between two slots with CSI-RS resources.



In this paper, we express our view on individual issues. 
2 Discussion
Assumption and applicability
In our understanding, Options 1a, 2 and 3 are essentially the same. One frequency layer is identical to an MO. We believe that this also the assumption RAN4 adopted when specifying SSB measurements. 
We also found that this definition impacts not only in the session of measurement capability, but also the section for CSSF values. Specifically, the requirements of CSSF is specified based on the configured MOs, while measurement capability are specified in terms of inter-frequency layer. If one inter-frequency does not equal one MO, spec will have the contradiction. 
[bookmark: _Ref40010802]Proposal 1: One MO is one frequency layer. Different MOs are different frequency layers.

Number of frequency layers to be monitored
In WF [1], RAN4 has the agreement to only define requirements for CSI-RS with associated SSB.
	Agreement
· Requirements shall be defined when CSI-RS is configured with an associated SSB. 
· No requirements in Rel-16 for the case associatedSSB is not configured for CSI-RS


According to the IE description of associatedSSB (when present, as captured below), UE is not required to monitor that CSI-RS resource if the UE cannot detect the SS/PBCH block indicated by this associatedSSB and cell ID. Therefore, before measuring the CSI-RS, UE has to perform SSB-based cell search to confirm whether to associated SSB and the Cell ID are detectable. In other words, SSB-based cell search is prerequisite for CSI-RS based measurement. 
	associatedSSB
If this field is present, 
· the UE may base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobility on the timing of the cell indicated by the cellId in the CSI-RS-CellMobility. 
· In this case, the UE is not required to monitor that CSI-RS resource if the UE cannot detect the SS/PBCH block indicated by this associatedSSB and cellId.  



With above understanding, it is very straightforward that SSB-based measurement should always be configured in the same MO for UE to perform CSI-RS based measurement. There should not be any MO with only CSI-RS configured but no SSB. The layers to be monitored based on CSI-RS can only be a subset of the layers to be monitored based on SSB. In other words, CSI-RS based L3 measurement does not add additional frequency layers to be monitored on top of the number specified for SSB based measurement.
[bookmark: _Ref40010786]Proposal 2: The layers to be monitored based on CSI-RS can only be a subset of the layers to be monitored based on SSB. The minimum # of layers to be measured based on CSI-RS is the same as that for SSB. 

Number of cells to be monitored
The logic here is exactly the same as the previous topic. UE does not need to measure the cell if the SSB is not detectable. Therefore, the cells to be monitored based on CSI-RS can only a subset of the cells to be monitored based on SSB.
[bookmark: _Ref40010788]Proposal 3: The cells to be monitored based on CSI-RS can only be a subset of the cells to be monitored based on SSB. The minimum # of cells to be measured based on CSI-RS is the same as that for SSB.

Number of CSI-RS resource/beams to be monitored
According to TS38.133, UE can be configured with 92 CSI-RS configurations per MO. Frankly speaking, it is infeasible to ask UE to monitor 96 CSI-RS configurations in one frequency layer. Note that in last meeting, RAN4 has the agreement to only specify requirements for CSI-RS with associated SSB. This agreement can help to reduce UE’s complexity because UE can skip some CSI-RS resources if the associated SSB and Cell ID are not detectable. Therefore, we would like to revise our proposal in previous meeting from
“If network configures more CSI-RS resources in an MO than the UE measurement capability, the UE behavior is undefined.”
to
“If the number of remaining CSI-RS resources to be measured with detectable associated SSB in an MO is larger than the UE measurement capability, the UE behavior is undefined.”
[bookmark: _Ref31548961]Proposal 4: If the number of remaining CSI-RS resources to be measured with detectable associated SSB in an MO is larger than the UE measurement capability, the UE behavior is undefined.

Regarding the exact number, we think it is fine to directly re-use those numbers from SSB. One argument to introduce more CSI-RS beams than SSB is due to the expectation that CSI-RS beams are narrower. In our view, the narrow beam width is not really useful for L3 mobility, because narrow beam implies more beams and higher RS overhead to maintain the whole cell coverage. In FR2, this large number of CSI-RS will introduce large number of OFDM symbol with scheduling restriction. In both FR1 and FR2, it also implies less robustness for moving UEs, e.g., the best CSI-RS measured by UE before HO is more likely to be different to the best CSI-RS after HO when UE keeps moving, as shown in Figure 1. Therefore, we think the conclusion drawn from system-level analysis that RAN4 already done for SSB can be directly re-used to CSI-RS. 
[bookmark: _Ref40010301][bookmark: _Ref20519683]Proposal 5: Regarding the number of CSI-RS (beams) to be monitored per layer based on L3 CSI-RS, requirements defined the same requirements as those for SSB. 

[image: ]
[bookmark: _Ref40008979]Figure 1 An example to compare using rough beam and fine beam for mobility 

UE capability to indicate maximum CSI-RS resources in a slot per MO
We agree to introduce some reasonable limitation on the UE processing capability, but one thing to be clarified first is the definition. Again, RAN4 already has the agreement to work on only the requirement with associated SSB. So UE is not required to measure all configured CSI-RS resources. Therefore, it may not be suitable to consider this capability based on the number of configured CSI-RS resources. Instead, we suggest to discuss the UE capability on the number of CSI-RS to be measured with detectable associated SSB in a slot per MO. 
Regarding the exact number, we think it should definitely be no larger than the number of CSI-RS (beams) to be monitored per frequency layer. It can be further studied.
[bookmark: _Ref40010793]Proposal 6: Since only requirements with associated SSB will be defined, the UE processing capability in a slot per MO should be revised to consider only the CSI-RS resources to be measured with detectable associated SSB. FFS the exact number.

UE buffering and processing capability
We think this discussion is coupled with the time domain limitation of the CSI-RS per MO in another discussion. If there is going to be a clear SMTC-like structure for CSI-RS, then probably RAN4 do not need to further discuss this issue.
[bookmark: _Ref40010795]Proposal 7: The discussion of UE buffering and processing capability is pending on the conclusion of time domain limitation of the CSI-RS per MO in another discussion.
3 Summary
In this paper, we discuss the measurement capability for L3 CSI-RS measurement. We have the following proposals.
Proposal 1: One MO is one frequency layer. Different MOs are different frequency layers.
Proposal 2: The layers to be monitored based on CSI-RS can only be a subset of the layers to be monitored based on SSB. The minimum # of layers to be measured based on CSI-RS is the same as that for SSB.
Proposal 3: The cells to be monitored based on CSI-RS can only be a subset of the cells to be monitored based on SSB. The minimum # of cells to be measured based on CSI-RS is the same as that for
Proposal 4: If the number of remaining CSI-RS resources to be measured with detectable associated SSB in an MO is larger than the UE measurement capability, the UE behavior is undefined.
Proposal 5: Regarding the number of CSI-RS (beams) to be monitored per layer based on L3 CSI-RS, requirements defined the same requirements as those for SSB.
Proposal 6: Since only requirements with associated SSB will be defined, the UE processing capability in a slot per MO should be revised to consider only the CSI-RS resources to be measured with detectable associated SSB.
Proposal 7: The discussion of UE buffering and processing capability is pending on the conclusion of time domain limitation of the CSI-RS per MO in another discussion.
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