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Introduction
In RAN4#95-e meeting, the CSI-RS based measurement capability was discussed and some agreements were reached as captured in the way forward [1]. As cited below, only the number of cells the UE is capable of monitoring was agreed following the existing SSB-based measurement capability, while other aspects were still open. In this contribution, we are discussing the remaining issues of the CSI-RS based measurement capabilities.   
           · CSI-RS measurement capability requirements are defined based on per frequency layer
· FFS: CSI-RS and SSB for mobility configured in the same MO are counted as [2] layers
· 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.
· 



Discussion
Per MO vs. Per frequency layer
When the CSI-RS based L3 measurement is concerned, companies have got different views whether the capability shall be defined per MO or per frequency layer. As RAN1 informs all CSI-RS resources in the same MO shall have the same center frequency i.e., startPRB + floor(nrofPRBs/2), the question becomes how many MOs are considered per frequency layer.
Some companies referred to the RAN1 LS which informs the change of the terminology of “frequency layer” to MO. We understood it clarified the maximum number of CSI-RS resources the UE can be configured is per MO, but RAN1 was not meant to indicate single MO is allowed per frequency layer, or the MO is used to define the UE measurement capability. On the other hand, for SSB-based measurements, there is statement in TS 38.331 to mandate there is at most one MO for all SSB based measurements per frequency layer as below. However, no such specification is available for the CSI-RS based measurement configuration. Additionally, in RAN4#94bis-e meeting, it was agreed to assume all the CSI-RS resources in one MO have the same bandwidth; the network would have to configure multiple MOs if CSI-RSs with different bandwidths are transmitted from neighbor cells. It leads to one or multiple MOs with the same center frequency of CSI-RS resources on one frequency layer. Therefore, single MO per frequency layer has not been assumed in RAN1/RAN2. It is also unrealistic to assume single MO per frequency layer given practical network deployment. It is proposed to define the CSI-RS based measurement capability per frequency layer, without assuming single MO per layer.
-	to ensure that, in the measConfig associated with a CG:
-	for all SSB based measurements there is at most one measurement object with the same ssbFrequency;


Observation#1: Single MO per frequency layer has not been assumed in RAN1/RAN2 for CSI-RS based L3 measurement; it is also unrealistic to assume single MO per frequency layer considering the practical network deployment.
Proposal#1: Define the CSI-RS based measurement capability per frequency layer, without assuming single MO per layer.
Number of frequency layers
In last meeting, it was agreed to follow existing specification on the maximum number of SSB intra-frequency and inter-frequency layers while leaving the number of CSI-RS frequency layers open. In our view, the CSI-RS based measurement is another way to measure and evaluate the NR cells using different reference signals. Irrespective of CSI-RS or SSB-based measurements, the starting point is to remain the existing measurement capability and have it shared between the two types of measurements. 
When associatedSSB is configured, the UE shall detect the SS/PBCH block indicated by this associatedSSB before it can measure the CSI-RS resource. For intra-frequency CSI-RS based measurement, the UE is supposed to monitor not only the center frequency of the CSI-RS resource, but also the frequency layer of the associatedSSB which is indicated via ssbFrequency. In this case, the intra-frequency measurement capability needs to be enhanced so that the UE is able to measure both the associatedSSB and the CSI-RS resource as they may not be on the same frequency layer. Hence the UE shall be able to monitor at least 1 CSI-RS intra-frequency layer in addition to 1 SSB intra-frequency layer.  
Proposal2: The UE shall be able to monitor at least 1 CSI-RS intra-frequency layer in addition to 1 SSB intra-frequency layer. 
For the number of NR inter-frequency layers, the UE is able to monitor at least 7 SSB inter-frequency layers for now. When CSI-RS based measurement is configured, the existing capability can be shared between SSB and CSI-RS based measurements. There are also some proposals defining dedicated number of CSI-RS inter-frequency layers. Considering the associatedSSB setting, the maximum number of CSI-RS inter-frequency layers shall be derived assuming each CSI-RS measurement requires monitoring one SSB frequency layer and one CSI-RS frequency layer. Therefore, if the dedicated number of CSI-RS inter-frequency layer is to be defined, the UE shall be able to monitor at least 3 CSI-RS inter-frequency layer within existing measurement capability.  
Proposal3: The UE shall be able to monitor at least 7 NR inter-frequency layers in total including both SSB and CSI-RS inter-frequency layers. 
Proposal4: If the dedicated number of CSI-RS inter-frequency layer is to be defined, the UE shall be able to monitor at least 7 NR SSB inter-frequency layers or 3 CSI-RS inter-frequency layers.  
When both SSB-based and CSI-RS based measurement are configured, the number of SSB frequency layers is counted considering all the different ssbFrequency that a UE is configured to measure. The ssbFrequency can be indicated in ssb-ConfigMobility IE when the SSB based mobility is configured; it can also be implicitly informed by the associatedSSB in the CSI-RS-Resource ConfigMobility IE where CSI-RS based measurement is configured. If the CSI-RS resources with different center frequencies are associated with the same ssbFrequency, the layer corresponding to the ssbFrequency shall be counted only once to the total number of effective carrier frequency layers. Therefore, the number of SSB frequency layers is the total number of “carrier frequencies” including
· ssbfrequency when ssb-ConfigMobility is configured
· ssbfrequency when CSI-RS-ResourceConfigmobility is configured with associatedSSB
· the ssbfrequency is counted only once if the ssbfrequency in above bullets are the same, or ssbfrequency in multiple MOs are the same.   
Proposal5: The number of SSB frequency layers is the total number of “carrier frequencies” including
· ssbfrequency when ssb-ConfigMobility is configured
· ssbfrequency when CSI-RS-ResourceConfigmobility is configured with associatedSSB
· the ssbfrequency is counted only once if the ssbfrequency in above bullets are the same, or ssbfrequency in multiple MOs are the same.   
Number of cells
For CSI-RS based measurement, the number of cells the UE is capable of monitoring was agreed to be the same as the number defined for SSB-based measurements. As the SSB-based measurement on associatedSSB always happens before measuring the CSI-RS in one cell, there would not be any cell where only CSI-RS is measured. The number of cells the UE is able of monitoring should include both SSB-based and CSI-RS based measurement.
Proposal6: The number of cells the UE is able of monitoring should include both SSB-based and CSI-RS based measurement.
Number of CSI-RS resources
With the similar reasoning above, for each intra-frequency layer, the number of CSI-RS resources the UE is capable of measure could reuse the same value as defined for SSB-based measurement, at least as a starting point. If the SSB-based mobility or associatedSSB is also configured on the frequency layer, the capability is shared between SSBs and CSI-RS resources. 
Proposal7: For the number of CSI-RS resource, it is proposed reusing the values defined for SSB-based mobility as a starting point. The capability is shared between SSBs and CSI-RS resources. 
Conclusion
This contribution discusses the measurement capabilities for CSI-RS based RRM measurement. The observations and proposals are summarized as below: 
Observation#1: Single MO per frequency layer has not been assumed in RAN1/RAN2 for CSI-RS based L3 measurement; it is also unrealistic to assume single MO per frequency layer considering the practical network deployment.
Proposal#1: Define the CSI-RS based measurement capability per frequency layer, without assuming single MO per layer.
Proposal2: The UE shall be able to monitor at least 1 CSI-RS intra-frequency layer in addition to 1 SSB intra-frequency layer. 
Proposal3: The UE shall be able to monitor at least 7 NR inter-frequency layers in total including both SSB and CSI-RS inter-frequency layers. 
Proposal4: If the dedicated number of CSI-RS inter-frequency layer is to be defined, the UE shall be able to monitor at least 7 NR SSB inter-frequency layers or 3 CSI-RS inter-frequency layers.  
Proposal5: The number of SSB frequency layers is the total number of “carrier frequencies” including
· ssbfrequency when ssb-ConfigMobility is configured
· ssbfrequency when CSI-RS-ResourceConfigmobility is configured with associatedSSB
· the ssbfrequency is counted only once if the ssbfrequency in above bullets are the same, or ssbfrequency in multiple MOs are the same.   
Proposal6: The number of cells the UE is able of monitoring should include both SSB-based and CSI-RS based measurement.
Proposal7: For the number of CSI-RS resource, it is proposed reusing the values defined for SSB-based mobility as a starting point. The capability is shared between SSBs and CSI-RS resources. 
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