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1. Introduction

The CSI-RS measurement capability requirements are discussed in RAN4#94bis, and the outcomes are captured in WF [1]. The remaining issues are 
· General principles
· Number of CSI-RS layers
· Number of cells and beams per CSI-RS layer
· CSI-RS processing and buffering capability
In this paper we will provide our views on the remaining issues in CSI-RS measurement capability.
2. Discussion
2.1. General principles
In [1] it is agreed that 

	· 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 

· 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.


Our preference is option 2 for the following reasons:
· UE performs measurement on per MO basis, since the measurement configuration and measurement reporting are both based on MO. 
· When multiple MOs are configured with the same centre frequency, from network perspective it is beneficial that UE measures cells and beams in each MO. 

· MO is identical to frequency layer in RAN1 and RAN2 [2]. 
Proposal 1: CSI-RS measurement capability requirements are defined on per MO basis, and one CSI-RS frequency layer is identical to one MO with CSI-RS.
Another issue from RAN4#94-e-bis is whether 

· to define separate capability for CSI-RS and SSB measurements, or 
· to consider CSI-RS capability as being accommodated by the SSB capability 

In our view, RAN4 should define separate capability requirements for SSB and CSI-RS measurement because CSI-RS are measured with separate computation and memory resources from SSB, and all the efforts for measurement e.g. sampling, buffering, processing, filtering and results saving need to be taken separately for CSI-RS. 
In RAN4#94-e-bis, some companies commented that “it is not possible to perform CSI-RS measurement without detecting SSB first for an inter-frequency. Therefore, the frequency layers that UE can perform CSI-RS measurement is always a subset of SSB-based frequency layers”. We agree with the reason, as RAN4 is only defining requirements for CSI-RS with associated SSB, and we can also agree that the number of CSI-RS frequency layers should be no greater than the number of SSB frequency layers. However, we do not think CSI-RS frequency layers is a subset of SSB frequency layers because CSI-RS measurement does not come for free from measuring the frequency layer of the associated SSB, i.e. UE needs to take separate efforts to measure the CSI-RS frequency layers.
Proposal 2: Define separate capabilities for SSB measurement and CSI-RS measurement.

In RAN4#94-e-bis, some companies the scenario with more than one MOs per centre frequency for CSI-RS measurement. The use case could be e.g. to allow more than 96 resource to be configured per centre frequency, or to allow resources with different BWs to be configured per centre frequency. As mentioned in Proposal 1, in our view one CSI-RS frequency layer is one MO with CSI-RS, so the number of CSI-RS frequency layers is the number of MOs with CSI-RS.
Proposal 3: The number of CSI-RS frequency layers is the number of MOs with CSI-RS.
For SSB, there are more cases to be considered. In general, UE needs to measure an SSB centre frequency if it is configured with an MO with 

-
SSB configured as mobility RS (ssb-ConfigMobility is configured in MO configuration)
In this case, UE needs to measure SSB and report SS-RSRP/RSRQ/SINR. If CSI-RS is also configured as mobility RS and with associated SSB, the same SSB centre frequency is measured as mobility SSB and associated SSB (there is only one ssbFrequency and smtc1/2 per MO).
-
SSB not configured as mobility RS but CSI-RS configured as mobility RS with associated SSB
In this case, UE needs to measure SSB centre frequency in order to measure the CSI-RS.
Proposal 4: The number of SSB frequency layers is the total number of MOs with

· SSB configured as mobility RS (no matter if CSI-RS is configured as mobility RS)
· SSB not configured as mobility RS but CSI-RS configured as mobility RS with associated SSB
Proposal 4 may lead to a large number of SSB frequency layer, but it is not necessary for UE to perform separate SSB measurement for all of them. For example, UE may be configured with 2 MOs with CSI-RS with associated SSB on the same CSI-RS centre frequency. The CSI-RS resources in the 2 MOs are different, but all of the CSI-RS resources are associated to the same SSB centre frequency. In this case, there is no need to count the 2 MOs as 2 SSB frequency layers, if SSB related parameters (ssbFrequency, smtc1, smtc2, ssb-ConfigMobility, ssbSubcarrierSpacing) are same in the 2 MOs
Proposal 5: If SSB related parameters are same in multiple MOs, the multiple MOs can be counted as one SSB layer in capability. 
2.2. Number of layers
Based on section 2.1, we discuss the number of frequency layers based on the assumption that
· 1 SSB frequency layer = 1 SSB centre frequency (assuming all MOs with same SSB centre frequency have the same SSB related parameters)

· 1 CSI-RS frequency layer = 1 MO with CSI-RS
In [1] some options are listed for inter-frequency CSI-RS 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


Our original proposal is to define a separate limit on the CSI-RS frequency layers, i.e. option 2, however to make progress we can also compromise to option 1.
Another issue is the number of CSI-RS frequency layers for intra-frequency. Based on the definition of intra/inter-frequency for CSI-RS in [3], it could happen that more than one MOs/frequency layers are configured per serving cell. In our view, RAN4 should follow the same principle as for SSB measurement that UE is required to measure 1 intra-frequency layer per serving cell.
Based on above, the capability in number of frequency layers are proposed as follows.

Proposal 6: The capability in number of frequency layers are defined as 

· SSB intra-frequency layer: 1 per serving cell

· CSI-RS intra-frequency layer: 1 per serving cell

· SSB inter-frequency layers: 7
· CSI-RS inter-frequency layers: 7

· Total inter-frequency layers including SSB and CSI-RS: 7

· Total inter-frequency and inter-RAT layers: 13

2.3. Number of cells and beams 
For number of cells per CSI-RS frequency layer, in [1] it is agreed that
	· 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.


Our preference is option 2a. As discussed in section 2.1, RAN4 should define separate capability for CSI-RS and SSB measurements. RAN4 only defines requirements for CSI-RS with associated SSB, and in such case, UE only measures CSI-RS from a cell after the SSB of that cell is detected, so it should be the same set of cells that UE measures for CSI-RS and its associated SSB.
Proposal 7: Re-use the SSB requirements for CSI-RS on number of cells UE shall monitor per frequency layer. UE measures the same set of cells for CSI-RS and its associated SSB.

For number of cells per CSI-RS frequency layer, in [1] it is agreed that

	· 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)


UE should be able to measure more beams per frequency layer for CSI-RS than for SSB, as this is one of the motivations to introduce CSI-RS requirements. On the other hand, the number of beams should be limited considering UE complexity and the need from mobility perspective in real world. In our view, option 4 is a reasonable trade-off. 
Proposal 8: UE shall monitor at least 32/24 CSI-RS resources for each intra/inter-frequency CSI-RS layer.

For SSB measurement, UE is required to measure SSB beams from neighbour cells only on one intra-frequency layers per FR2 band. As the network deploy would not change just for CSI-RS measurement, we think the same principle should also apply for CSI-RS.
Proposal 9: For an FR2 band, UE measures CSI-RS from neighbour cells on one single intra-frequency layer.
2.4. Processing and buffering capability  
In [1] it is agreed
	WF on UE capability to indicate maximum CSI-RS resources in a slot per MO
· Option 1(Huawei, MTK, OPPO): Introduce UE capability to indicate the maximum number of CSI-RS resources per MO in a slot.
· Option 2(ZTE): Not to define UE capability to indicate maximum CSI-RS resources in a slot per MO.
· Option 3(Qualcomm, Apple, Huawei): The total number of CSI resources that UE can monitor per slot should come from the UE capability maxNumberCSI-RS-RRM-RS-SINR. 

· FFS how to split up

WF on UE buffering and processing capability

· Option 1: Introduce UE capability on the minimum separation between two slots with CSI-RS resources.
· Option 2: Not to introduce UE capability on the minimum separation between two slots with CSI-RS resources.


During the discussion is last meeting, some companies commented that the capability to indicate maximum CSI-RS resources in a slot per MO is not needed because “maxNumberCSI-RS-RRM-RS-SINR should already reflect a UE’s capability in the worst case where UE has to run the measurements every slot”. We think the comment makes sense, and for the minimum requirements based on the worst case, the existing capability maxNumberCSI-RS-RRM-RS-SINR should be enough. 

Proposal 10: The total number of CSI resources that UE can monitor per slot is indicated by existing capability maxNumberCSI-RS-RRM-RS-SINR. 
In last meeting, we proposed to introduce UE capability on the minimum separation between two slots with CSI-RS resources. The intention is to allow UE to indicate the CSI-RS configurations in terms of distribution in time domain it can support, e.g. UE may not be able to measure all CSI-RS resources in consecutive slots. If UE has to support the worst case where CSI-RS is measured in every slot, the capability on slot separation is not needed, but we need to consider the separation on symbol level. 
For example, UE indicates the support to measure N CSI-RS resources per slot, but as there is no restriction on where CSI-RS can be configured, the resources may be on consecutive OFDM symbols across two slots as shown in Figure 1(a). The efforts in buffering and processing for this case is different compared to the case where resources are in the same symbol location in the two slots as in Figure 1(b).
To allow UE to work in the worst case where CSI-RS is measured in every slot, the symbols level separation between the CSI-RS resources in two consecutive slots should be guaranteed, and we suggest that the CSI-RS requirements apply provided that CSI-RS resources in two consecutive slots are separated by at least 7 symbols.
Proposal 11: CSI-RS requirements apply provided that CSI-RS resources in any two consecutive slots are separated by at least 7 symbols.
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Figure 1: Examples of CSI-RS distribution in two consecutive slots
RAN4 also needs to discuss the UE requirements when the number of configured CSI-RS resources per slot exceeds the indicated UE capability. We understand it may be hard to completely avoid such configuration in real world, so having no requirements for this case may be too restrictive from network perspective. One option is to follow similar approach as in PRS measurement, where measurement period is extended to allow UE to buffer and process a subset of all configured PRS resources per occasion. We are also open to hear other opinions.
Proposal 12: RAN4 to discuss the requirements when number of configured CSI-RS resources per slot exceeds the indicated UE capability.

· Option 1: measurement period is extended

· Option 2: other
3. Conclusions

In this paper we provided our views on CSI-RS measurement capability.
Proposal 1: CSI-RS measurement capability requirements are defined on per MO basis, and one CSI-RS frequency layer is identical to one MO with CSI-RS.

Proposal 2: Define separate capabilities for SSB measurement and CSI-RS measurement.

Proposal 3: The number of CSI-RS frequency layers is the number of MOs with CSI-RS.
Proposal 4: The number of SSB frequency layers is the total number of MOs with

· SSB configured as mobility RS (no matter if CSI-RS is configured as mobility RS)

· SSB not configured as mobility RS but CSI-RS configured as mobility RS with associated SSB
Proposal 5: If SSB related parameters are same in multiple MOs, the multiple MOs can be counted as one SSB layer in capability. 
Proposal 6: The capability in number of frequency layers are defined as 

· SSB intra-frequency layer: 1 per serving cell

· CSI-RS intra-frequency layer: 1 per serving cell

· SSB inter-frequency layers: 7

· CSI-RS inter-frequency layers: 7

· Total inter-frequency layers including SSB and CSI-RS: 7

· Total inter-frequency and inter-RAT layers: 13

Proposal 7: Re-use the SSB requirements for CSI-RS on number of cells UE shall monitor per frequency layer. UE measures the same set of cells for CSI-RS and its associated SSB.

Proposal 8: UE shall monitor at least 32/24 CSI-RS resources for each intra/inter-frequency CSI-RS layer.

Proposal 9: For an FR2 band, UE measures CSI-RS from neighbour cells on one single intra-frequency layer.
Proposal 10: The total number of CSI resources that UE can monitor per slot is indicated by existing capability maxNumberCSI-RS-RRM-RS-SINR. 
Proposal 11: CSI-RS requirements apply provided that CSI-RS resources in any two consecutive slots are separated by at least 7 symbols.

Proposal 12: RAN4 to discuss the requirements when number of configured CSI-RS resources per slot exceeds the indicated UE capability.

· Option 1: measurement period is extended

· Option 2: other
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