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1. Introduction

In RAN4#94e meeting, a WF [1] on CSI-RS based L3 measurement capability and requirements was agreed.
· RAN4 further discuss and conclude the remaining issues for measurement capability in next meeting
· Clarify the understanding of MO configuration, intra-frequency measurement definition and layer definition
· Whether to restrict MO configuration to specify requirements for the limited or selected scenarios
· Define requirements of measurement capability for CSI-RS L3 measurement

In this contribution, we provide our views on CSI-RS based UE measurement capabilities.
2. Discussion
· Issue 1: Applicability for CSI-RS based measurement capability
As RAN1’s agreement, the associatedSSB is optionally present for each CSI-RS resource for FR1, and the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resource per frequency layer for FR2. As we know, when CSI-RS resource for mobility is configured with associated SSB, the CSI-RS measurement requirements is not conditioned on network synchronization. And UE should not just measure every CSI-RS configured by the network without checking if the cell is nearby or not. SSB-based cell identification is still required for CSI-RS based L3 measurement. 
· Option 1: introduce restriction of MO configuration
· Option 2: specify requirements for limited or selected scenarios if no restriction of MO configuration
For serving cells supporting SSB, each MO which configures CSI-RS to be measured should also be configured with corresponding SSB. In our view, we suggest to only define the requirements when the CSI-RS based measurement is configured with SSB based measurement within the same MO, so that UE can perform CSI-RS and SSB measurement with overlapped bandwidth in the same time duration.
Proposal 1: Only define the requirements when the CSI-RS based measurement is configured with SSB based measurement within the same MO, so that UE can perform CSI-RS and SSB measurement with overlapped bandwidth in the same time duration.
However, for serving cells not supporting SSB like SCells, MOs would be configured with only CSI-RS. This case is still under discussion in RAN1. As far as we can see, there is no strong request on such network deployment. In our option, no requirements need to be defined for this scenario. 
Proposal 2: No requirements for MOs configured with only CSI-RS based L3 measurement.
· Issue 2: Measurement capability
As background, the requirements are defined for SSB based mobility measurement in Rel-15. We summarize the conclusion of UE measurement capabilities for SSB based measurement as follows:
For UE measurement capability of monitoring multiple layers, number of per-RAT frequency layers (for NR and LTE) and total number of frequency layers across all RATs are defined for UE configured with SA, EN-DC, NE-DC and NR-DC operation mode. E.g.,
For UE configured with NR SA, UE shall be capable of monitoring at least 7 NR inter-frequency carriers configured by PCell, and be capable of monitoring a total of at least [13] effective carrier frequency layers comprising of any defined combination of NR, E-UTRA FDD, E-UTRA TDD and UTRA FDD layers.
For number of cell and number of SSB, UE shall be capable of number of identified cells and SSB performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for each layer during each layer 1 measurement period. E.g.,
For intra frequency measurements in FR1, 
· at least 8 identified cells, 
· 14 SSBs with different SSB index and/or PCI on the intra-frequency layer, where the number of SSBs in the serving cell (except for the SCell) is no smaller than the number of configured RLM-RS SSB resources.
For intra frequency measurements in FR2, 
· at least 6 identified cells
· 24 SSBs with different SSB index and/or PCI,
For inter frequency measurements in FR1, 
· at least 4 identified cells
· 7 SSBs with different SSB index and/or PCI on the inter-frequency layer.
For inter frequency measurements in FR2, 
· at least 4 identified cells
· 10 SSBs with different SSB index and/or PCI on the inter-frequency layer, and 1 SSB per identified cell

· 2-1: number of frequency layers to be monitored
We think CSI-RS resource for mobility is beneficial to be configured with associated SSB, which can reduce the complexity of both network and UE implementation. The frequency of the associated SSB of an MO with CSI-RS as mobility RS is also an SSB frequency layer UE needs to measure. 
Observation 1: CSI-RS resource for mobility is beneficial to be configured with associated SSB, which can reduce the complexity of both network and UE implementation.
Based on this, the current UE measurement capabilities for SSB based measurement in Rel-15 can be shared by SSB based measurement and CSI-RS based measurement. And NR inter-frequency layer, number of per-RAT frequency layers and total number of frequency layers across all RATs for SSB based measurement in Rel-15 can be reused. 
· UE shall be able to measure at least 7 NR inter-frequency frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.
· UE shall be able to measure a total of at least 13 effective carrier frequency layers of all RATs in total, including SSB frequency layers and CSI-RS frequency layers.
Proposal 3: 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. 
· UE shall be able to measure at least 7 NR inter-frequency frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.
· UE shall be able to measure a total of at least 13 effective carrier frequency layers of all RATs in total, including SSB frequency layers and CSI-RS frequency layers.
· 2-2: number of cells to be monitored per frequency layer
According to [2], we find that, RAN2 does not restrict in the same MO some CSI-RS resources to be intra-frequency and the other to be inter-frequency layer, but it would cause the complexity of RAN4 spec’s requirements which could be avoided if possible. Hence, when discussing number of cells to be monitored per frequency layer, no additional cells are expected to be monitored per frequency layer.
The cells to be monitored through CSI-RS based L3 measurement could only be a subset of the cell to be monitored through SSB. There is 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.
Proposal 4: 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.
· 2-3: number of CSI-RS to be monitored per frequency layer
According to TS38.214, the maximum number of CSI-RS resource for each UE is set to be 64 per frequency layer when associated SSB is not configured. And UE can be configured up to 96 CSI-RS resources if associated SSB is configured. Considering mobility performance and UE’s complexity, CSI-RS for mobility measurement should be much less than the maximum number of all CSI-RS resource. 
The value could be defined in similar way as SSB, with different values for intra frequency layer and inter frequency layer for FR1 and FR2 respectively. Those values for SSB could be a good starting point. And it really depends on the implementation of base station about possible deployments of CSI-RS beam. Besides, in last meeting some network vendor proposed at least 32 CSI-RS resources per frequency layer, which can be as baseline for discussion. And RAN4 can further decide the value based on more vendors’ input.
[bookmark: OLE_LINK5]Proposal 5: UE shall monitor at least 32 CSI-RS resources per frequency layer 
3. Conclusion
In this contribution, we discussed the CSI-RS based UE measurement capabilities, and give our proposal as follows.

Proposal 1: Only define the requirements when the CSI-RS based measurement is configured with SSB based measurement within the same MO, so that UE can perform CSI-RS and SSB measurement with overlapped bandwidth in the same time duration.
Proposal 2: No requirements for MOs configured with only CSI-RS based L3 measurement.
Observation 1: CSI-RS resource for mobility is beneficial to be configured with associated SSB, which can reduce the complexity of both network and UE implementation.
Proposal 3: 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. 
· UE shall be able to measure at least 7 NR inter-frequency frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.
· UE shall be able to measure a total of at least 13 effective carrier frequency layers of all RATs in total, including SSB frequency layers and CSI-RS frequency layers.
Proposal 4: 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.
Proposal 5: UE shall monitor at least 32 CSI-RS resources per frequency layer 
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