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Introduction
The requirements for CSI-RS measurement capability and time windowing are discussed in RAN4#95-e, and the outcomes are captured in the WF [1]. The remaining open issues are 
· Measurement capability
· General understanding of CSI-RS layer and SSB layer 
· Number of CSI-RS layers/cells/beams
· UE CSI-RS processing capability
· Time domain restriction of CSI-RS configuration (windowing)
In this paper we will provide our views on the remaining issues in CSI-RS measurement capability and time domain restriction.
Discussion
0. Measurement capability
CSI-RS layer
It has been agreed in RAN4#95-e that CSI-RS measurement capability will be defined per frequency layer. However, there are different views on the relation between frequency layer and MO:
· Option 1: One or multiple MOs can be corresponding to one frequency layer
· Option 2: One CSI-RS frequency layer is identical to one MO with CSI-RS. Different MOs are different frequency layers.
First of all, in our view one CSI-RS MO per frequency layer is not sufficient, as it can configure at most 96 CSI-RS resources. For example, if we assume 64/32 Tx beams per cell, network can only configure CSI-RS resources for 1.5/3 cells. Of course, network can tailor the CSI-RS resources in the MO configuration for each UE based on measurement of associated SSB, but it will results at frequent RRC reconfiguration as UE moves, which makes CSI-RS based mobility measurement very costly in terms of signalling overhead and less attractive in terms of latency. 
Network may therefore have to use multiple MOs per CSI-RS frequency layer in order to configure all the CSI-RS resources in all ‘valid’ neighbour cells, but it will limit the number of effective frequency layers or centre frequencies that are measured. For example, if network configure 2 MOs on the same centre frequency, with 7 CSI-RS frequency layers supported by the UE, only 3 centre frequencies of CSI-RS are effectively measured. For intra-frequency, it is not even possible to configure more than one MOs as UE only supports one frequency layer per serving cell. 
Option 1 is one solution to this problem, however, it is not aligned with RAN1 definition of CSI-RS frequency layer [2]. Also, it is inconsistent with UE measurement behaviour which is on per MO basis, since the measurement configuration and measurement reporting are both based on MO.  
Another solution would be to increase the number of configurable CSI-RS resources per MO, at least when associated SSB is configured. In [2], RAN1 indicates that the number of CSI-RS resources per MO is limited to 96 with the signalling itself supports 9216 resources, and the rationale is to “ensure UE complexity for performing CSI-RS measurements is not over-burdened”. 
Now, as the need to have multiple MOs for the same centre frequency is clear, RAN4 may revisit the limit on the resource number while considering UE complexity. In our view, with 3 MOs each with 96 resources, the measurement burden is similar or even higher compared to 1 MO with 288 resources. Therefore, we suggest to ask RAN1 to update the limit from 96 to 288 at least for the case with associated SSB for which RAN4 will define requirements in Rel-16. In this way, we can go with option 2, which is consistent with RAN1 and UE implementation, for defining the UE capability requirements.
Proposal 1-1: One CSI-RS frequency layer is identical to one MO with CSI-RS. Different MOs are different frequency layers.
Proposal 1-2: Ask RAN1 to update the limit on the maximum number of CSI-RS resources per MO from 96 to 288 for the case with associated SSB.
A LS draft is provided in Annex A. 
SSB layer
In RAN4#95-e, it is discussed which SSB frequency layers are to be accounted in the capability, but there is no conclusion. 
First, UE has to measure an SSB frequency layer if it is configured 
· Case A: For mobility (ssb-ConfigMobility is configured in MO configuration) only, or
· Case B: As associated SSB for CSI-RS (associatedSSB is configured for each CSI-RS resource) only, or 
· Case C: both for mobility and as associated SSB for CSI-RS
It is clear that for Case A and Case C, the SSB frequency layer should be accounted in the capability, and the question is related to Case B. In our view, the UE measurement behaviour is no different from Case A or C: UE has to perform SSB detection and SSB index reading in order to determine which CSI-RS should be measured and the timing and QCL for the CSI-RS measurement; UE may also have to measure RSRP/RSRQ to select the SSBs and correspondingly the CSI-RS resources for measurement, noting that UE is only required to measure a limit number of SSBs per SSB frequency layer. Therefore, SSB frequency layer for Case B should be also accounted in the measurement capability.
Another issue discussed in RAN4#95-e is the combining of multiple MOs with same SSB centre frequency (ssbFrequency) as one SSB frequency layer. In our view, this is reasonable and meaningful. For example, network may configure
· An MO of case A and another MO of case B, with same ssbFrequency, or 
· An MO of case C and another MO of case B, with same ssbFrequency, or
· Two MOs of case B, with same ssbFrequency.
In each of above cases, for SSB measurement, the two MOs can be regarded as one SSB frequency layer in the capability. Of course, other parameters related to SSB measurement should be same in multiple MOs, e.g. if smtc1 is different, UE has to take separate measurements for the two MOs, in which case the two MOs should be counted as two SSB frequency layers. 
Proposal 2-1: MO with ssbFrequency is counted in the number of SSB frequency layers if the SSB is 
· For mobility (ssb-ConfigMobility is configured in MO configuration) only, or
· As associated SSB for CSI-RS (associatedSSB is configured for each CSI-RS resource) only, or 
· Both for mobility and as associated SSB for CSI-RS
Proposal 2-2: Multiple MOs with same ssbFrequency can be counted as one SSB layer in capability if SSB measurement related parameters are same in multiple MOs.
SSB and CSI-RS layer
In RAN4#95-e, it is discussed if SSB and CSI-RS can be counted as one frequency layer if they are configured in one MO, but there is no conclusion. 
In our view, RAN4 should define separate capability requirements for SSB and CSI-RS measurement even SSB and CSI-RS are configured in the same MO. SSB and CSI-RS are different Reference Signals, and they are measured as different frequency layers, i.e. as SSB layer and CSI-RS layer respectively, with separate computation and memory resources.
In last meeting, some companies commented that in certain conditions CSI-RS and SSB can be measured at the same time so that they can be counted as one frequency layer. From UE perspective, it is true that under some conditions SSB and CSI-RS can be sampled together, but it does not mean SSB and CSI-RS are measured as one frequency layer, as all the other efforts for measurement e.g. buffering, processing, filtering and results saving need to be taken separately for SSB and CSI-RS.
Proposal 3: RAN4 to define separate capabilities for SSB measurement and CSI-RS measurement. CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers.
Number of CSI-RS layers/cells/beams
	· 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/PSCC or one of SCell if there is no PCC/PSCC 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 number of CSI-RS layers (and total number of NR layers including SSB and CSI-RS layers), based on the discussions in previous sections, the suggested numbers are reasonable, assuming one CSI-RS layer is identical to one CSI-RS MO which can configure at most 288 resources.
Proposal 4: 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, 
· 13 NR inter-frequency and inter-RAT layers in total
For number of cells, there is already conclusion in RAN4#95-e, which are also reasonable for us. As a CSI-RS resource is measured only if its associated SSB is detected, it would be the same set of cells that UE measures for SSB and CSI-RS.
Proposal 5: UE shall be able to measure 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
For number of beams, CSI-RS measurement should support more beams than SSB considering one of the main motivations for CSI-RS measurement is to enable UE to measure fine Tx beams, and there could be multiple CSI-RS resources associated to the same SSB. We suggest that for intra-frequency CSI-RS layers 32 beams are measured and for inter-frequency CSI-RS layers 24 beams are measured.
It is also agreed that in each FR2 band, UE is required to measure neighbour cell CSI-RS only for one CC, while for the other CCs UE only measures 2 CSI-RS resources from the serving cell. This is same principle as for SSB, which is reasonable to us. In addition, we would like to further clarify that the neighbour cell measurement on one CSI-RS layer should not cause UE to measure neighbour cell on an additional SSB layer. For example, such cases should be avoided where UE is required to measure neighbour cell SSB on fSSB#1 and to measure neighbour cell CSI-RS on fCSI-RS#1 whose associated SSB is on fSSB#2.
Proposal 6-1: UE shall be able to measure at least 
· 32 CSI-RS resources for intra-frequency measurements for both FR1 and FR2, 
· 24 CSI-RS resources for inter-frequency measurements for both FR1 and FR2.
Proposal 6-2: For each FR2 band, UE is required to measure neighbor cell CSI-RS on one CSI-RS layer, whose associated SSB should be on the same SSB layer as the one where UE is required to measure neighbor cell SSB.
UE processing capability
	Issue 1-5-3: Whether or not to introduce new UE capability for minimum separation between two slots with CSI-RS resources
Option 1(No): CSI-RS resources in any two consecutive slots are separated by at least 7 symbols.
Option 2(YES): Introduce a UE capability on the minimum separation between two consecutive slots with CSI-RS resources in the unit of [n]*125us. (multiples of FR2 slot duration, where n=1,2,4,8,16)
Option 3(FFS):  Clarify how it is related to time domain limitation 


The rationale for option 1 is shown in Figure 1. 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. 
Option 2 is 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, if UE is not able to measure all CSI-RS resources in consecutive slots. We are also open to this option as it is a more flexible means to provide UE capability information. For example, option 1 can be considered as a special case of option 2 if n=0.5 is added.
Proposal 7: CSI-RS requirements apply provided that CSI-RS resources in any two consecutive slots are separated by at least 7 symbols.
[image: ]
Figure 1: Examples of CSI-RS distribution in two consecutive slots
0. Time domain restriction of CSI-RS configuration
	Issue 1-6-1: Whether and how to introduce time-domain restriction on CSI-RS resources configuration
· Option 1: introduce restriction when defining requirements in RAN4 other than introducing new signaling due to time limit.
· Option 2: introduce CMTC 
· Option 3: Limit CSI-RS resources to be confined in the SMTC duration of the same MO.
· Option 3a: send LS to RAN1/2 whether and how CSI-RS time domain can be restricted by SMTC of the same MO
Tentative agreement:
Time domain restriction of CSI-RS resource configuration
· FFS: Confine CSI-RS resources within SMTC of the associatedSSB and the corresponding periodicity of SMTC should no more than 40ms In R16.  FFS introduce CMTC in R17.
· Time domain restriction on CSI-RS resources configuration is introduced:
· CSI-RS resources are configured in [5] ms window
· CSI-RS periodicities for L3 measurement : [10,20,40] ms
· Up to [2] CSI-RS periodicities can be configured per CSI-RS intra-frequency layer
· Up to [1] CSI-RS periodicity can be configured per CSI-RS inter-frequency layer


In our view, it is reasonable to define some time domain restriction for CSI-RS measurement. The cleanest way is to introduce CMTC in the similar way as SMTC. However, considering the time line and the impacts to other WGs, it is agreed in RAN#88 that CMTC is out of scope for Rel-16. 
Among option 1 and option 3, our preference is option 1. 
It is very restrictive for network to make sure CSI-RS is always confined within SMTC following option 3, e.g. there may be limited number of slots or symbols within SMTC window to place CSI-RS, depending on the SSB pattern and SMTC. A cell may transmit 64 or even more CSI-RS resources, and most likely CSI-RS is distributed in multiple slots (it is unlikely to dedicate 10 symbols of a slot for CSI-RS transmission), so the number of CSI-RS resource that can be accommodated in SMTC can be rather small. Also, in FR2 single Tx beam is used per OFDM symbol, so it does not make sense to transmit CSI-RS in SSB symbols.
Also, the periodicity and offset of CSI-RS could be different from SSB. With the restriction in option 3, however, SSB/SMTC have to be transmitted at the same periodicity and offset as CSI-RS. For example, the configurations in Figure 2 cannot be supported. 
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Figure 2: Example of a possible configuration of SMTC and CSI-RS
Another problem with option 3 is that it is not future proof. Even in Rel-17 we lift the restriction or introduce signalling for CMTC such that Rel-17 UEs can support measuring CSI-RS outside SMTC, from network side CSI-RS transmission is common for all UEs including Rel-16 UEs, which means CSI-RS should still be confined in SMTC as required by Rel-16 UE.
Therefore, we suggest to define a generic windowing approach as in option 1, i.e. the requirements apply if all CSI-RS resources of a frequency layer fall in a window occurring periodically. This can be achieved by having the offsets of any two CSI-RS resources of a frequency layer to satisfy 

where  and  are time offsets of CSI-RS resource i and j respectively as seen by the UE,  is the periodicity of the CSI-RS window which can be {10,20,40}ms,  is the CSI-RS window duration which is 5ms.
It should be noted that option 1 can also accommodate option 3, i.e. the CSI-RS window can be configured to be same as SMTC. 
Proposal 8: CSI-RS measurement requirements apply if all CSI-RS resources of a frequency layer fall in a window occurring periodically. 
Conclusions
In this paper we provided our views on CSI-RS measurement capability requirements and time domain windowing.
Proposal 1-1: One CSI-RS frequency layer is identical to one MO with CSI-RS. Different MOs are different frequency layers.
Proposal 1-2: Ask RAN1 to update the limit on the maximum number of CSI-RS resources per MO from 96 to 288 for the case with associated SSB.
Proposal 2-1: MO with ssbFrequency is counted in the number of SSB frequency layers if the SSB is 
· For mobility (ssb-ConfigMobility is configured in MO configuration) only, or
· As associated SSB for CSI-RS (associatedSSB is configured for each CSI-RS resource) only, or 
· Both for mobility and as associated SSB for CSI-RS
Proposal 2-2: Multiple MOs with same ssbFrequency can be counted as one SSB layer in capability if SSB measurement related parameters are same in multiple MOs.
Proposal 3: RAN4 to define separate capabilities for SSB measurement and CSI-RS measurement. CSI-RS and SSB for mobility configured in the same MO are counted as 2 layers.
Proposal 4: 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, 
· 13 NR inter-frequency and inter-RAT layers in total
Proposal 5: UE shall be able to measure 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
Proposal 6-1: UE shall be able to measure at least 
· 32 CSI-RS resources for intra-frequency measurements for both FR1 and FR2, 
· 24 CSI-RS resources for inter-frequency measurements for both FR1 and FR2.
Proposal 6-2: For each FR2 band, UE is required to measure neighbor cell CSI-RS on one CSI-RS layer, whose associated SSB should be on the same SSB layer as the one where UE is required to measure neighbor cell SSB.
Proposal 7: CSI-RS requirements apply provided that CSI-RS resources in any two consecutive slots are separated by at least 7 symbols.
Proposal 8: CSI-RS measurement requirements apply if all CSI-RS resources of a frequency layer fall in a window occurring periodically. 
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Annex A: Draft LS on number of CSI-RS resources per MO
	RAN4 is defining measurement requirements for CSI-RS based mobility. During the discussion, it is found that network may configure more than 96 CSI-RS resources with the same centre frequency. Therefore, RAN4 kindly asks RAN1 and RAN2 to increase the number of configurable CSI-RS resources per MO from 96 (as indicated in R1-1905909 and captured in current RAN1/2 specifications) to 288, for the case when CSI-RS is configured with associated SSB.
In RAN4 view, the UE complexity could remain manageable, as UE is required to measure a CSI-RS resources only when the associated SSB is detected.
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