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1. Introduction
In the RAN4#94-e 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

Applicability for CSI-RS based measurement capability
There was discussion on whether to restrict MO configuration.
	· FFS on whether to introduce restriction of MO configuration
· FFS whether to specify requirements for the limited or selected scenarios if no restriction of MO configuration
· Candidate options:
· Option 1(MediaTek, OPPO): Only define the requirements when the CSI-RS based measurement is configured with SSB based measurement within the same MO, and UE can perform CSI-RS and SSB measurement with overlapped bandwidth in the same time duration 
· Option 2(Ericsson, CATT, CMCC, Huawei, DOCOMO, ZTE, Nokia): No restriction on MO configurations
· Option 3: Other possible restriction in order to specify requirements for the limited or selected scenarios. 



The MO configuration should be based on RAN1 agreement that center frequency of CSI-RS resources in MO is the same. There is also limitation on the total number of CSI-RS resources can be configured in one MO. we don’t see any other restrictions should be put on MO configuration.
Proposal 1. No restriction on MO configuration except centre frequency and total number of CSI-RS resources.

Per MO or per layer
In the past MO is equivalent of frequency layer. There were discussions during early CSI-RS L3 mobility a few meetings ago. RAN1 agreed to use MO instead of frequency layer. From RAN4 perspective, we think it is better to use frequency layer as physical measurements are based on frequency layer. Then 
	· A frequency layer for CSI-RS is
· Option 1: just the same center frequency of CSI-RS resource 
· Option 2: the same center frequency and BW of CSI-RS resource
· Option 3: one MO, i.e. same center frequency, same SCS
· FFS how to align the understanding of MO and frequency layer in RAN4. 
· Depend on the definition/restriction of intra-frequency and inter-frequency measurement


Since frequency layer itself means one frequency carrier, it is only relevant to carrier frequency, i.e. center frequency of configured CSI-RS resources. It is possible and necessary to configure multiple MOs with same center frequency as total number of CSI-RS resources in one MO is quite limited.
The relationship between MO and frequency layer can be discussed after definition of intra frequency is concluded. In general one MO is one frequency layer and multiple MOs can also be one frequency layer if the center frequency is the same.
Proposal 2. One frequency layer means centre frequencies of configured CSI-RS resources are the same.
Proposal 3. One or multiple MOs can be one frequency layer.

Number of frequency layers
Following options were provided in the WF [1].
	· Option 1 (MediaTek, OPPO, ZTE, Apple, Ericsson, DOCOMO): 
· CSI-RS based L3 measurement does not add additional frequency layers and cells to be monitored on top of the number specified for SSB based measurement. 
· Option 2(Huawei): 
· Assuming no restriction on MO configurations:
· 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. 
· UE shall be able to measure at least 14 carriers of all RATs in total.
· Option 3(CATT): 
· If CSI-RS is configured with associated SSB, the measurement capability can be considered the same as SSB based measurement capability.(as option 1) 
· If CSI-RS is not configured with any associated SSB, UE is capable to perform CSI-RS based layers.(as option 2)
· Not preclude other options.



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.
Proposal 4. A UE shall be capable of monitoring at least 7 NR inter frequency layers configured by serving cell. The UE shall be capable of performing measurements including (SS-RSRP, SS-RSRQ, SS-SINR, CSI-RSRP, CSI-RSRQ, CSI-SINR, E-UTRAN RSRP, E-UTRAN RSRQ, E-UTRAN RS-SINR measurements, etc.) of detected cells on all the layers. 

Number of cells
Following options are provided in WF [1].
	· Option 1 (MediaTek, OPPO, Apple, Ericsson): No need to introduce additional number of cells to be monitored per layer based on L3 CSI-RS on top of the requirements already specified for SSB. 
· Option 2 (ZTE): 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.
· Option 3 (Huawei, CATT): RAN4 should discuss the total number of cells and CSI-RS resources UE should measure per MO. 



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 5. 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.

Regarding the number of cells it is reasonable that UE is capable of performing CSI-RS based intra frequency measurements and inter frequency measurements with the same capability as of performing SSB based intra frequency measurements and inter frequency measurements. It is proposed to use the same number of cells for SSB based measurements.
Proposal 6. 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.
Proposal 7. UE shall be capable of performing CSI-RS based measurements for at least [6] identified cells in FR2 for intra frequency measurement and at least [4] identified cells in FR2 for inter frequency measurement.

With the introduction of CSI-RS based measurements, the total number of cells UE shall be capable of performing measurements are increased. In current spec the UE capability on SSB based measurements are already specified. 
Option 1 means the UE capability of monitoring number of cells are shared between SSB based measurements and CSI-RS based measurements. It is noted that monitored cells for SSB based measurement and CSI-RS based measurement can be different due to MO configuration, beam gain etc. If this UE capability is shared with CSI-RS based measurements, the UE capability on number of cells on SSB based measurements will be compromised. Considering UE implementation complexity, the requirements for total number of cells that UE shall be capable of performing SSB based and CSI-RS based measurements can be introduced.
Proposal 8. 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.
Proposal 9. 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.

Number of beams
Following options are provided in WF [1].
	· Option 1(CATT, Huawei, OPPO): UE shall monitor at least 32 CSI-RS resources per frequency layer 
· Option 2(ZTE, Ericsson, CATT): 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(MediaTek): Requirements defined the same requirements as those for SSB. 
· Option 4(Qualcomm): The total number of CSI resources that UE can monitor should come from the UE capability maxNumberCSI-RS-RRM-RS-SINR. 
· FFS how to split up



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. 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. Option 4 propose to use maxNumberCSI-RS-RRM-RS-SINR as number of beams UE should monitoring.
	maxNumberCSI-RS-RRM-RS-SINR
Defines the maximum number of CSI-RS resources for RRM and RS-SINR measurement across all measurement frequencies per slot. If UE supports any of csi-RSRP-AndRSRQ-MeasWithSSB, csi-RSRP-AndRSRQ-MeasWithoutSSB, and csi-SINR-Meas, UE shall report this capability.



The maxNumberCSI-RS-RRM-RS-SINR is the maximum number of CSI-RS resources UE can handle in one slot across all measurement frequencies. However UE capability in 38.133 is minimum number of CSI-RS resources per frequency layer UE should monitor. It doesn’t have to be in the same slot. Therefore this UE capability cannot be reused in 38.133.
Proposal 10. 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
	· RAN to further discuss whether and how to to indicate maximum CSI-RS resources in a slot per MO
· RAN4 decide whether to send LS to ask for RAN1 and RAN2 in next meeting



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. 
    maxNumberCSI-RS-RRM-RS-SINR             ENUMERATED {n4, n8, n16, n32, n64, n96} OPTIONAL
It can be seen that different UE can report different capability. This may contradict with RAN4 requirements on number of CSI-RS resources UE shall monitor. Since this UE capability was not decided by RAN4 it is reasonable to ask RAN1/2 for clarification on the background of this UE capability, potential contradiction to requirements on number of CSI-RS resources UE shall monitor and necessity of this UE capability.
In addition it is not necessary to define UE capability of maximum CSI-RS resources in one slot per MO. There are already limitation on maximum number of CSI-RS resources can be configured per MO. The configurable CSI-RS resources per MO is 96 if MO is configured with associatedSSB, or 64 if not all the CSI-RS resources in the MO is configured with associatedSSB. UE is supposed to be able to measure all the CSI-RS resources in one MO.
Proposal 11. Not to define UE capability to indicate maximum CSI-RS resources in a slot per MO.
Proposal 12. LS RAN1/2 for clarification on the background of UE capability maxNumberCSI-RS-RRM-RS-SINR, potential contradiction to requirements on number of CSI-RS resources UE shall monitor and necessity of this UE capability.

UE buffering and processing capability
	· FFS on UE buffering and processing capability
· Option 1: UE capability on UE buffering and processing time RAN1 defined for PRS is re-used for CSI-RS  L3 measurement. 
· Option 2: Define UE capability on the minimum separation between two slots with CSI-RS resources.



It is not clear whether UE buffering and processing time for PRS can be re-sued for CSI-RS RRM measurement. Different UE may have different capability.
If there is UE capability on the minimum separation between two slot with CSI-RS resources to be introduced it should be based thorough analysis on how CSI-RS measurement is performed. What the impact to gap configuration will be. The CSI-RS resources of two separated slots is on the same frequency layer of different frequency layer etc.
Proposal 13. Gap configuration, frequency layer etc. should be taken into account if UE capability of the minimum separation between two slots with CSI-RS resources is to be introduced.

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. No restriction on MO configuration except centre frequency and total number of CSI-RS resources.
Proposal 2. One frequency layer means centre frequencies of configured CSI-RS resources are the same.
Proposal 3. One or multiple MOs can be one frequency layer.
Proposal 4. A UE shall be capable of monitoring at least 7 NR inter frequency layers configured by serving cell. The UE shall be capable of performing measurements including (SS-RSRP, SS-RSRQ, SS-SINR, CSI-RSRP, CSI-RSRQ, CSI-SINR, E-UTRAN RSRP, E-UTRAN RSRQ, E-UTRAN RS-SINR measurements, etc.) of detected cells on all the layers. 
Proposal 5. 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 6. 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.
Proposal 7. UE shall be capable of performing CSI-RS based measurements for at least [6] identified cells in FR2 for intra frequency measurement and at least [4] identified cells in FR2 for inter frequency measurement.
Proposal 8. 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.
Proposal 9. 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.
Proposal 10. Number of CSI-RS resources shall be monitored by UE is specified as in option 2.
Proposal 11. Not to define UE capability to indicate maximum CSI-RS resources in a slot per MO.
Proposal 12. LS RAN1/2 for clarification on the background of UE capability maxNumberCSI-RS-RRM-RS-SINR, potential contradiction to requirements on number of CSI-RS resources UE shall monitor and necessity of this UE capability.
Proposal 13. Gap configuration, frequency layer etc. should be taken into account if UE capability of the minimum separation between two slots with CSI-RS resources is to be introduced.
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