3GPP TSG-RAN WG4 Meeting # 95-e 	R4-2007352
Electronic Meeting, 25 May – 5 June, 2020 

Title:	On measurement capabilities of CSI-RS L3 measurement 
Source:	OPPO
Agenda Item:	6.16.1.3
Document for:	Discussion
1. Introduction

In RAN4#94e-bis meeting, a WF [1] on CSI-RS based L3 measurement capability and requirements was agreed. In this contribution, we provide our views on CSI-RS based UE measurement capabilities.
2. Discussion
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 SA，
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

Issue 1: Measurement capabilities per MO or per layer
· Agreement: Requirements shall be defined when CSI-RS is configured with an associated SSB. 
· No requirements in Rel-16 for the case associatedSSB is not configured for CSI-RS 
· 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 
· [bookmark: OLE_LINK13][bookmark: OLE_LINK11][bookmark: OLE_LINK12]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.

As RAN4 has agreed that only define intra-frequency and inter-frequency measurements assuming that all CSI-RS resources in the same MO have the same BW. Thus, measurement capabilities per MO or per layer are the same, since only one MO is configured per frequency layer.
Proposal 1: Measurement capabilities per MO or per layer are the same.
[bookmark: OLE_LINK14]Issue 2: number of frequency layers to be monitored
· 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


As agreed in RAN4, no requirements in Rel-16 for the case associatedSSB is not configured for CSI-RS. 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. 
Proposal 2: Support option 1 that UE shall be able to measure at least 7 effective NR frequency layers in total excluding NR serving carrier(s), including SSB frequency layers and CSI-RS frequency layers.
From implementation’s perspective, the frequency layer of a CSI-RS MO with associated SSB may be overlapped with an SSB frequency layer UE needs to measure. However, considering the buffer and processing resource for RRM, the frequency layers should be counted as twice to the total number of effective carrier frequency layers. For example, if two MOs for SSB and for CSI-RS mobility measurement are configured on the same NR carrier, or the same MO is configured with SSB and CSI-RS mobility measurement, they should be taken as two different frequency layers. 
Proposal 3: Considering the different buffer and processing for RRM, MO(s) configured for SSB and/or CS-RS mobility measurement should be taken as different NR frequency layers.
Issue 3: number of cells to be monitored per frequency layer
· 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.


Similar to issue 2, we think 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.
Proposal 4: Support shared capability on number of cells for CSI-RS&SSB:
· Number of monitored cells is determined by the UE capability based on SSB based measurements.
· For FR1, at least 8 and 4 identified cells for intra-f and inter-f measurement respectively. 
· For FR2, at least 6 and 4 identified cells for intra-f and inter-f measurement respectively 
Issue 4: number of CSI-RS to be monitored per frequency layer
· 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)

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. And we support option 3 to reuse the values of SSB.
[bookmark: OLE_LINK5]Proposal 5: Support option 3, and 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 behaviour is undefined.
· For FR1, 14 and 7 CSI-RS resources for intra-f and inter-f measurement respectively. 
· For FR2, 24 and 10 CSI-RS resources for intra-f and inter-f measurement respectively and at least 1 CSI-RS resources per identified cell.
[bookmark: _GoBack]Besides, for intra-frequency measurements on FR2, the UE shall also be capable of performing SS-RSRP, SS-RSRQ, SS-SINR, CSI-RSRP, CSI-RSRQ and CSI-SINR measurements for at least 2 SSBs and 2 CSI-RS resources on serving cell for each of the other serving carrier(s) in the same band.
Proposal 6: For intra-frequency measurements on FR2, the UE shall also be capable of at least 2 SSBs and 2 CSI-RS resources on serving cell for each of the other serving carrier(s) in the same band.
3. Conclusion
In this contribution, we discussed the CSI-RS based UE measurement capabilities, and give our proposal as follows.
Proposal 1: Measurement capabilities per MO or per layer are the same.
Proposal 2: Support option 1 that UE shall be able to measure at least 7 effective NR frequency layers in total excluding NR serving carrier(s), including SSB frequency layers and CSI-RS frequency layers.
Proposal 3: Considering the different buffer and processing for RRM, MO(s) configured for SSB and/or CS-RS mobility measurement should be taken as different NR frequency layers.
Proposal 4: Support shared capability on number of cells for CSI-RS&SSB:
· Number of monitored cells is determined by the UE capability based on SSB based measurements.
· For FR1, at least 8 and 4 identified cells for intra-f and inter-f measurement respectively. 
· For FR2, at least 6 and 4 identified cells for intra-f and inter-f measurement respectively 
Proposal 5: Support option 3, and 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 behaviour is undefined.
· For FR1, 14 and 7 CSI-RS resources for intra-f and inter-f measurement respectively. 
· For FR2, 24 and 10 CSI-RS resources for intra-f and inter-f measurement respectively and at least 1 CSI-RS resources per identified cell.
Proposal 6: For intra-frequency measurements on FR2, the UE shall also be capable of at least 2 SSBs and 2 CSI-RS resources on serving cell for each of the other serving carrier(s) in the same band.
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