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1. Introduction

The WID on RRM requirements for CSI-RS based L3 measurement is approved at RAN#84 [1]. The objective of the WI is to define RRM requirements for CSI-RS based L3 measurement, including.

	· Assumptions on Synchronization 

· Single FFT is assumed for multiple cell measurements per frequency layer for both intra- and inter-frequency measurements.  

· Measurement bandwidth of CSI-RS for the minimum requirements

· CSI-RS based intra-frequency and inter-frequency definition 

· Intra-frequency and inter-frequency measurement requirements 

· Evaluate and specify CSI-RS based L3 measurement accuracy

· Introduce new UE measurement capability, including number of frequency layer and number of cells etc., for CSI-RS based measurement 


In this paper we will provide our initial views on measurement capability for CSI-RS measurement requirements.
2. Discussion
2.1. Number of frequency layers
In RAN4#92bis, the definition of intra- and inter-frequency for CSI-RS based mobility measurement was discussed. There was no conclusion and several options are captured in the WF [2]. It should be noted that the following discussion are assuming option 1 in [2] is adopted, where 

· there is only one intra-frequency MO/layer per serving cell, and
· the characteristic of a frequency layer (intra- or inter-frequency) does not change when UE’s active DL BWP changes
UE is required to support measurement on a minimum number of frequency layers for RRM measurement. For SSB based mobility measurement, the requirements are defined in Rel-15. The requirements includes number of per-RAT frequency layers (for NR and LTE) and total number of frequency layers across all RATs. Similar should be defined for CSI-RS based mobility measurement.
For number of CSI-RS frequency layers, our suggestion is 3, based on following considerations. 

· Use case: In our understanding, CSI-RS based mobility is not typical case for inter-frequency. CSI-RS cannot be used for cell identification, thus can only be used for measuring a list of neighbour cell indicated by the serving cell. Also, for inter-frequency measurement CSI-RS resource is likely to be configured with associated SSB, which means the basic mobility measurement can be achieved with SSB measurement. 
· Complexity and cost: CSI-RS measurement causes a lot of complexity in UE implementation, and that is one reason the requirements were not defined in Rel-15. Basically, CSI-RS measurement is added on top of the existing SSB measurement, as UE has to meet the existing SSB measurement requirements when performing CSI-RS measurement. It means UE needs to have additional processing resources for supporting CSI-RS measurement. Moreover, the BW and number of resources for CSI-RS can be much larger than SSB, both demanding higher processing capability than SSB. All the aspects will lead to increase of power consumption and cost, so the number of frequency layer should be defined as minimum necessary.
Proposal 1: UE shall be able to measure at least 3 CSI-RS frequency layers for CSI-RS based mobility. 

CSI-RS measurement may also increase the number of SSB frequency layers UE has to measure, when associated SSB is configured in the MO. It should be noted that 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. To illustrate, UE may be configured with 3 MOs:
· MO#1
· ssbFrequency: f1
· ReferenceSignalConfig: SSB
· MO#2

· ssbFrequency: f2
· ReferenceSignalConfig: CSI-RS with associated SSB
· MO#3

· ssbFrequency: f3
· ReferenceSignalConfig: SSB and CSI-RS
With this configuration, UE needs to measure 3 SSB frequency layers although there are only 2 MOs where SSB is configured as mobility RS. We understand the capability on number of SSB frequency should be same as in Rel-15, so the 7 SSB frequency layers should include MO with SSB as mobility RS, and MO with CSI-RS as mobility RS with associated SSB.
Proposal 2: UE shall be able to measure at least 7 SSB frequency layers, including MO with SSB as mobility RS, and MO with CSI-RS as mobility RS with associated SSB.

As mentioned above, CSI-RS measurement is added on top of the existing SSB measurement, so the total number of NR frequency layers also needs to be defined. To avoid too much increase in the power consumption and cost, we suggest that the total number of SSB and CSI-RS frequency layers UE needs to measure is 8, which is increased by 1 compared to the existing requirement of 7 NR frequency layers. As regard to the total number of frequency layers across all RATs, we also suggest to increase the Rel-15 requirement by 1, i.e. 14 carriers.
Proposal 3: UE shall be able to measure at least 8 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.

Proposal 4: UE shall be able to measure at least 14 carriers of all RATs in total.

2.2. Number of resources
For SSB measurement, the capability on number of cells and beams are defined in Rel-15, e.g. for FR1 intra-frequency measurement:

	For each intra-frequency layer, during each layer 1 measurement period,  the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements forat least:

-
8 identified cells, and

-
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 not smaller than the number of configured RLM-RS SSB resources.


For CSI-RS measurement, for one MO, UE can be configured with up to 96 cells, and for each cell 96 CSI-RS resources, subject to that the total number of CSI-RS resources in MO is no larger than 96. In our view, maintaining measurement on 96 resources will casue UE implementation complexity, and it also may be an overkill from mobility performance point of view. Therefore, RAN4 should discuss the total number of cells and CSI-RS resources UE should measure per MO.
Proposal 5: RAN4 should discuss the total number of cells and CSI-RS resources UE should measure per MO.
Besides the total number of cells and resources, RAN4 should also discuss how to account the UE processing time in the requirements. Unlike SSB measurement which is restricted to SMTC windows, a CSI-RS resource can be configured anywhere in time domain. For example, 4 different configurations of time domain allocation of 4 CSI-RS resources are shown in Figure 1.
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Figure 1: Examples of time domain resources of 4 CSI-RS resources

On the other hand, UE can only support a limited number of CSI-RS resources in a slot. This has actually been addressed to some extent by a UE capability defined in Rel-15, maxNumberCSI-RS-RRM-RS-SINR.

	maxNumberCSI-RS-RRM-RS-SINR

Defines the maximum number of CSI-RS resources for RRM and RS-SINR measurement across all measurement frequencies per slot. If UE supports any of csi-RSRP-AndRSRQ-MeasWithSSB, csi-RSRP-AndRSRQ-MeasWithoutSSB, and csi-SINR-Meas, UE shall report this capability.


The capability is for the number of CSI-RS resources across all frequency layers per slot. In our view, the number of CSI-RS resources per frequency layer or per MO is also (or more) relevant in the dimensioning of UE processing capability, as UE may not measure multiple CSI-RS MOs at the same time (as they are with different center frequencies). Therefore, we suggest to update the capability or define another capability to indicate the maximum number of CSI-RS resources per MO in a slot.

Proposal 6: Update existing UE capability maxNumberCSI-RS-RRM-RS-SINR or define another capability for UE to indicate maximum number of CSI-RS resources per MO in a slot.
Another aspect to consider is that UE would need time to process the received CSI-RS symbols before it can take new measurement, so even network configure less number of CSI-RS resource per slot than UE indicated capability, it may still happen that the some resources is configured in the next slot, and some in next-next slot, and so on. In this case, UE may not be able to measure all CSI-RS resources in all the slots.

In SSB measurement, all the SSB resources from all the cells on a frequency layer are confined within SMTC window, which occurs periodically. When SMTC periodicity is small, UE is not assumed to measure in every SMTC window, and the measurement period is bounded to a minimum value. 
CSI-RS measurement, however, is not restricted in windows like SMTC, which means CSI-RS can occur in any slot. Even the periodicity of any single CSI-RS resource is large enough considering UE processing time, there may still be no processing time left for the UE when multiple CSI-RS resources occur in consecutive slots. Therefore, the separation between two slots with CSI-RS resources should be bounded to a minimum value. Considering the minimum periodicity of the CSI-RS for mobility measurement is 4ms, we propose to use 4ms as the lower bound.
Proposal 7: For one MO, two slots where UE is configured to measure CSI-RS for mobility is separated by at least 4ms.

3. Conclusions

In this paper we provided our initial views on measurement capability for CSI-RS based mobility measurement.
Proposal 1: UE shall be able to measure at least 3 CSI-RS frequency layers for CSI-RS based mobility. 

Proposal 2: UE shall be able to measure at least 7 SSB frequency layers, including MO with SSB as mobility RS, and MO with CSI-RS as mobility RS with associated SSB.

Proposal 3: UE shall be able to measure at least 8 NR frequency layers in total, including SSB frequency layers and CSI-RS frequency layers.

Proposal 4: UE shall be able to measure at least 14 carriers of all RATs in total.

Proposal 5: RAN4 should discuss the total number of cells and CSI-RS resources UE should measure per MO.
Proposal 6: Update existing UE capability maxNumberCSI-RS-RRM-RS-SINR or define another capability for UE to indicate maximum number of CSI-RS resources per MO in a slot.
Proposal 7: For one MO, two slots where UE is configured to measure CSI-RS for mobility is separated by at least 4ms.
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