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1. Introduction
In the RANP#88-e meeting, following issues were captured in the exception sheet for WID of RRM requirements for CSI-RS based L3 measurement [1].
	· UE measurement capability requirement
· Relation between CSI-RS layer and SSB layer
· Whether multiple MOs can be counted as one frequency layer
· How to count SSB frequency layers
· Number of CSI-RS layers/cells/beams



In this contribution we further provide our views on UE measurement capability of CSI-RS based L3 measurements.

2. Discussion
There are several issues relevant to UE measurement capability needing to be addressed to finalize the UE capability requirements.
Relation between CSI-RS layer and SSB layer
UE measurement capability is defined per frequency layer for inter-frequency measurement and inter-RAT measurement using gaps for all type of measurements, e.g. SS-RSRP, SS-RSRQ and SS-SINR etc. For the SSB based measurements the definition of frequency layer is quite clear, which should be the center frequency of SSB provided in MO. The measurement of SS-RSRP is performed on the same center frequency as for cell identification to obtain necessary timing information. 
The CSI-RS based measurement, however, have different steps. The timing information is obtaining through associated SSB or reference serving cell, but the measurement is on CSI-RS resources which has different center frequency compared to associated SSB or SSB of the reference serving cell.
With above differences there was discussion whether it should be counted as one frequency layer or two frequency layers if SSB based measurement and CSI-RS based measurement is configured in one MO. In our view it is not necessary to bound MO and frequency layer anymore in NR, especially when it comes to CSI-RS based measurement. The frequency layer is more like a RAN4 term to define physical UE measurements. The measurement per frequency layer means all the measurements that can be done simultaneous in one gap, so that UE could do these measurements periodically. So in general the measurements configured in one MO could be counted as two frequency layers and the measurements from multiple MOs could be as one frequency layer depending on whether the measurements configured in MO/MOs can be done in one measurement gaps.
So obviously the CSI-RS measurements and SSB measurements, which is purely measurement, rather than the steps to obtain timing information, cannot be done in one measurement gaps in general. There may be cases that SSBs to measure is within bandwidth of CSI-RS, but it is not common cases.
Proposal 1. CSI-RS based L3 measurement and SSB based L3 measurement are independent measurements in terms of UE measurement capability.
Proposal 2. If CSI-RS based and SSB based L3 measurement are configured in one MO, it is counted as two frequency layers.

How to count SSB frequency layers
It is obvious that if SSB measurement is configured via ssb-configMobility, it is SSB frequency measurement on one frequency layer. There was discussion if associated SSB is configured via csi-rs-ResourceConfigMobility for CSI-RS based L3 measurement, whether it should be counted as one SSB frequency layer. As analysis of relationship between CSI-RS based measurement and SSB based measurement above, the associated SSB is only for obtaining timing information for CSI-RS measurement, there is no SSB measurement at all. So it should not be counted as one SSB frequency layer.
Given the CSI-RS based measurement shares UE measurement capability of SSB based measurement UE already has, there is no issue being identified.
Proposal 3. Measurement on SSB frequency layer is the one that configured via ssb-configMobility.

Whether multiple MOs can be counted as one frequency layer
It is relevant to CSI-RS based L3 measurement only that whether multiple MOs can be counted as one frequency layer or not. 
The maximum number of CSI-RS resources can be configured in one MO is 96 if associated SSB is configured and 64 if no associated SSB is configured. In FR2 the maximum number of SSBs configurable in one cell could be 64. The number of CSI-RS resources are more than SSBs since finer beams would be used generally. So only two or three cells can be configured in one MO if CSI-RS resources in a cell is large, which is the common case. If one frequency layer is based on one MO, it is not technically reasonable that there is only two or three cells on the frequency layer. It cannot serve the purpose of mobility measurement as network doesn’t know which neighbor cells is measurable from UE side. 
To configure more cells on the frequency layer, multiple MOs have to be used. If it is counted as multiple frequency layers, UE measurement capability will be highly compromised. If nine neighbor cells are configured, then three or four MOs may be used. Considering there could be SSB based measurement being configured, so most likely only one effective frequency layer for CSI-RS based L3 measurement can be configured. 
If serving cell frequency layer is concerned then it means no intra frequency mobility is possible for CSI-RS based measurement as only two or three neighbor cells can be configured on one serving frequency layer. The two or three cells may not be seen by the UE and it may not be best even if happens to be seen. 
From UE perspective the UE measurement complexity is not increased by counting multiple MOs as one frequency layer. UE complexity is limited by UE measurement capability, e.g. monitoring 8 cells for FR1 intra frequency measurement and total 24/32 CSI-RS resources. UE is not required to do more than defined UE measurement capability. If intra frequency measurement can only be configured with one MO, then the UE measurement capability of monitoring 8 cells on a FR1 serving cell frequency layer is meaningless as only 2 or 3 cells can be configured.
When associated SSB is configured, UE is only required to measure CSI-RS resources associated with detected SSBs. This is quite similar to SSB based measurement that the SS-RSRP/SS-RSRQ are only performed on detected SSBs. The difference is that one SSB may associated with multiple CSI-RS resources. No matter these associated SSBs are configured in one MO or multiple MOs, the SSBs can be detected during cell identification simultaneously as long as the SSB center frequencies in multiple MOs are the same. So no extra complexity is added by counting multiple MOs as one frequency layer.
Proposal 4. Multiple MOs is counted as one frequency layer as long as ssbFrequency and CSI-RS center frequency are the same.



Number of CSI-RS layers/cells/beams
The agreements on UE measurement capability in terms of CSI=RS layers/cells/beams [2] in the last meeting are as follows.
	· UE shall be able to measure at least
· 1 SSB intra-frequency layer and [1] CSI-RS intra-frequency layer per serving cell
· 7 SSB inter-frequency layers and [7] CSI-RS inter-frequency layers
· [8] NR inter-frequency layers including SSB and CSI-RS in total, 
· and 13 NR inter-frequency and inter-RAT layers in total
· During each layer 1 measurement period,  the UE shall be capable of performing SS-RSRP, SS-RSRQ, SS-SINR, CSI-RSRP, CSI-RSRQ and CSI-SINR measurements for at least:
· 8 identified cells for FR1, and 6 identified cells for FR2 , for each intra-frequency layer
· 4 identified cells for FR1, and 4 identified cells for FR2,  for each inter-frequency layer
· The number of CSI-RS resource/beams to be monitored for UE shall be at least
· [14/32] CSI-RS resources for intra frequency measurements in FR1, [24/32] CSI-RS resources for intra frequency measurements in FR2,
· [7] CSI-RS resources for inter frequency measurements in FR1, [14] CSI-RS resources for inter frequency measurements in FR2.
· FFS the values in [] and FFS the relation to maxNumberCSI-RS-RRM-RS-SINR limitation
· Per FR2 band, intra-frequency CSI-RS measurement for neighbour cells is only required for PCC/PSCCPCell/PSCell or one of SCell if there is no PCC/PSCCPCell/PSCell on that band. UE shall also be capable of at least 2 SSBs and 2 CSI-RS resources on serving cell per CC in the same band.



For the intra frequency layer per serving cell, it is 1 SSB intra-frequency layer and [1] CSI-RS intra-frequency layer per serving cell. However the CSI-RS intra-frequency layer per serving cell should be depending on whether multiple MOs with same ssbFrequency and CSI-RS centre frequency can be counted as one frequency layer or not. If proposal 4 is agreeable, then [1] CSI-RS intra frequency layer per serving cell is reasonable. Otherwise at least 6 to 8 CSI-RS intra frequency layer per serving cell is necessary so that at least 8 cells can be configured on the intra frequency layer.
Similarly for inter frequency measurement the number of CSI-RS frequency layers needs to be increased if one MO is one frequency layer. 
Proposal 5. [1] CSI-RS intra-frequency layer per serving cell carrier if multiple MOs can be counted as one frequency layer.
Proposal 6. [7] CSI-RS inter-frequency layer if multiple MOs can be counted as one frequency layer.

Regarding the number of CSI-RS resources for intra frequency measurement, [32] is necessary. Even if one SSB is detectable in one cell, more than 4 CSI-RS resources can be associated with the SSB. Considering 8 cells at least [32] CSI-RS resources needs to be monitored in total on the given intra frequency layer. Furthermore usually more than one SSB is detectable in a cell, which requires to monitor more CSI-RS resources.
Proposal 7. [32] CSI-RS resources for intra frequency measurement in both FR1 and FR2.

For inter frequency measurement it would be better to have at least 4 CSI-resources to be monitored per cell. Considering the agreements, [14] CSI-RS resources per frequency layer for inter frequency measurements would be fine. But it is necessary to have same number in both FR1 and FR2.
Proposal 8. [14] CSI-RS resources for inter frequency measurement in both FR1 and FR2.


UE capability maxNumberCSI-RS-RRM-RS-SINR
It is important that UE meet all the UE measurement capability requirements specified in 38.133 to guarantee mobility performance. Since UE measurement capability is about monitoring cells on a frequency layer periodically, it doesn’t have any restriction on UE processing capability on slot level. Thus it is reasonable that maxNumberCSI-RS-RRM-RS-SINR should ensure that UE measurement capability is satisfied.
Proposal 9. maxNumberCSI-RS-RRM-RS-SINR indicated by UE should ensure the UE meeting measurement capability requirements specified in TS 38.133.

Furthermore the UE capability maxNumberCSI-RS-RRM-RS-SINR may not be useful in practical network because this is UE internal processing capability and relevant to the number of CSI-RS resources that is detectable to the UE based on associated SSB or reference serving cell, which is unknown to the network. 
Proposal 10. maxNumberCSI-RS-RRM-RS-SINR is for UE processing of CSI-RS resources which are associated with detected SSB and not for NW configuring of CSI-RS resources.

[bookmark: _GoBack]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. CSI-RS based L3 measurement and SSB based L3 measurement are independent measurements in terms of UE measurement capability.
Proposal 2. If CSI-RS based and SSB based L3 measurement are configured in one MO, it is counted as two frequency layers.
Proposal 3. Measurement on SSB frequency layer is the one that configured via ssb-configMobility.
Proposal 4. Multiple MOs is counted as one frequency layer as long as ssbFrequency and CSI-RS center frequency are the same.
Proposal 5. [1] CSI-RS intra-frequency layer per serving cell carrier if multiple MOs can be counted as one frequency layer.
Proposal 6. [7] CSI-RS inter-frequency layer if multiple MOs can be counted as one frequency layer.
Proposal 7. [32] CSI-RS resources for intra frequency measurement in both FR1 and FR2.
Proposal 8. [14] CSI-RS resources for inter frequency measurement in both FR1 and FR2.
Proposal 9. maxNumberCSI-RS-RRM-RS-SINR indicated by UE should ensure the UE meeting measurement capability requirements specified in TS 38.133.
Proposal 10. maxNumberCSI-RS-RRM-RS-SINR is for UE processing of CSI-RS resources which are associated with detected SSB and not for NW configuring of CSI-RS resources.
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