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1. Introduction
In the RAN4#94-e-bis meeting, the UE measurement capability of CSI-RS based measurements has been discussed. No agreement has been made. The open issues were captured in WF [1].
In this contribution we further provide our views on UE measurement capability of CSI-RS based measurements.

2. Discussion
Number of frequency layers
Following options were provided in the WF [1].
	Agreement: 
The total number of carrier UE shall be capable of monitoring at least 13 effective carrier frequency layers

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



In current spec the UE capability of monitoring multiple layers using gaps is specified based on the measurements, e.g. inter-frequency measurements and/or inter-RAT measurements, configured by one prime serving cell. For measurements on one layer, all type of measurements (e.g. SS-RSRP, SS-RSRQ, SS-SINR for SSB based measurements) are included. When CSI-RS based measurements are included, it can be added into type of measurements. The number of monitoring layers would remain unchanged as it is kind of irrelevant of measurement type. It would means that UE shall be able to measure at least [7] CSI-RS frequency layers if there is no SSB based measurement is configured.
Proposal 1. UE shall be able to measure at least [7] CSI-RS frequency layers if there is no SSB based measurement is configured. 
Proposal 2. The total number of NR frequency layers UE shall be able to monitoring remains unchanged. 

Per MO or per layer
	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.



Since it was agreed that the total number of carrier UE shall be capable of monitoring is at least 13 effective carrier frequency layers, it is not necessary to discuss per MO and per frequency layer anymore. Depending on the discussion on definition of intra frequency measurement, multiple MOs should be allowed to be configured with same centre frequency. 
Proposal 3. No need to further discuss per MO or per frequency layer. 

Number of cells
Following options are provided in WF [1].
	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.




The UE capability of number of cells and number of SSBs that the UE shall be capable of performing SSB based measurement are also specified for intra frequency measurement and inter frequency measurement in FR1 and FR2 respectively. Since it is clearly specified for SSB based measurement in current spec, new UE capability of number of cells and number of CSI-RS resources should be specified for CSI-RS based measurements. 
It is not clear how UE will share the capability of measuring SSB and measuring CSI-RS. If UE is already monitoring e.g. 4 inter frequency cells for SSB based measurement, does it mean that UE cannot monitor any CSI-RS based measurements as it reaches UE capability of number of cells being monitored? 
Proposal 4. Separated UE capability of number of cells and number of CSI-RS resources that the UE shall be capable of performing CSI-RS based measurement for L3 mobility should be specified.

Our proposal was similar to option 2. It is fine with us not to specify the total number for SSB plus CSI-RS based measurements.
Proposal 5. The same number of cells as for SSB based measurement is used for CSI-RS based measurement.

Number of beams
Following options are provided in WF [1].
	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].
Do not preclude other options (Quaclomm)



The CSI-RS beam is finer than SSB beam generally, so there should be more beams to be monitored. If following the same UE capability as for SSB beam as in option 3 then mobility performance may be degraded due to some of the beams measureable is not monitored.
It is better to define different UE capability for different scenarios. If same UE capability as in option 1 is defined for all the cases then the requirements will over-specified for some cases as there would not be so many beams to monitor in some cases. 
So from our perspective option 2 is preferable. Option 1 and Option 4 are both acceptable.
Proposal 6. The number of CSI-RS resources shall be monitored by UE is specified as in option 2.

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



Firstly maxNumberCSI-RS-RRM-RS-SINR is relevant UE capability on how many CSI-RS resources can be processed in one slot. Though it is for across frequency layers it means the UE capability for per slot per frequency layer cannot exceed this capability. It is not reasonable to introduce additional UE capability to indicate the maximum number of CSI-RS resources per MO in a slot.
Furthermore the UE capability maxNumberCSI-RS-RRM-RS-SINR may have impact to number of beams UE shall be capable of monitoring. For example if UE is only capable of 4 CSI-RS resources per slot then it may not be possible for the UE to meet the requirements on number of beams UE shall be capable of monitoring per frequency layer.
Proposal 7. Not to define UE capability to indicate maximum CSI-RS resources in a slot per MO.
Proposal 8. Further study impact of UE capability maxNumberCSI-RS-RRM-RS-SINR to number of beams UE shall be capable of monitoring.

3. Conclusion
In this contribution, we provided our views on UE capability for CSI-RS based L3 measurements. Based on the observations following proposals are present. 
Proposal 1. UE shall be able to measure at least [7] CSI-RS frequency layers if there is no SSB based measurement is configured. 
Proposal 2. The total number of NR frequency layers UE shall be able to monitoring remains unchanged. 
Proposal 3. No need to further discuss per MO or per frequency layer. 
Proposal 4. Separated UE capability of number of cells and number of CSI-RS resources that the UE shall be capable of performing CSI-RS based measurement for L3 mobility should be specified.
Proposal 5. The same number of cells as for SSB based measurement is used for CSI-RS based measurement.
Proposal 6. The number of CSI-RS resources shall be monitored by UE is specified as in option 2.
Proposal 7. Not to define UE capability to indicate maximum CSI-RS resources in a slot per MO.
Proposal 8. Further study impact of UE capability maxNumberCSI-RS-RRM-RS-SINR to number of beams UE shall be capable of monitoring.
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