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1. Introduction

CSI-RS RRM has been discussed for several meeting. In last meeting, we show the benefits of CSI-RS RRM measurement in [1]. Since some UE vendors had concerns on the extra complexity to support CSI-RS RRM on top of existing SSB based RRM, in this contribution we provide some thinking on how to alleviate the UE potential burden to support CSI-RS RRM.
2. Discussion
One of the most important aspects that determines the UE complexity is about scenario. More complicated scenario will lead to higher UE complexity. To our understanding, the simplest CSI-RS RRM is for intra-frequency gapless measurement on synchronous neighbor cells. By saying “intra-frequency” we refer the case that the target CSI-RS measurement resource is within the current active bandwidth of the UE and gap result from misalignment in frequency domain is not needed. By saying “gapless” we suggest to further limit the scenario to the case that the target CSI-RS measurement resource has the same numerology as the data being transmitted in serving cell, to avoid the use of gap due to non-capable of simultaneous reception of data and CSI-RS with different numerology. By saying “synchronous” we refer the case where the associated SSB is not configured, which means UE can directly perform measurement on neighbor cell CSI-RS resource using the timing of serving cell. One may still have concern on timing considering the synchronization error and propagation delay difference. In our view, it should be network’s responsibility to decide whether the associated SSB should be transmitted or not. A good deployment shall make sure that the BS can reliably judge whether it should provide associated SSB or not. For instance, 500m ISD with 15KHz SCS deployment can guarantee that the maximum TOA difference from target cell and serving will not exceed CP/2. That is calculated based on the extreme case where UE is located right in center of serving cell. Typically, effective measurement occurs in handover area, as depicted in Figure 1. 
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Figure 1 CSI-RS RRM
The coverage overlapped area is relative small and the propagation delay difference in this area is far less than CP length of small SCS. Roughly in 500m ISD scenario the propagation delay difference should be less than 10Ts (assuming 100m handover area). When large SCS is used, e.g. in FR2, although the CP length is shortened, the ISD would also become smaller. Thus the TOA difference will become smaller as well. 
Of course for large cell radius scenario, UE may have to rely on associated SSB to get the timing of target cell, which seems to have less priority.
Proposal 1: in order to alleviate UE complexity, RAN4 shall start from intra-frequency gapless synchronous scenario when studying CSI-RS RRM requirements.
Another aspect to alleviate UE’s burden to support CSI-RS measurement is to put some limitation on the measurement bandwidth. According to RAN1 design, bandwidth of CSI-RS is per-UE configured by network. Larger BW CSI-RS can bring faster and more accurate measurement if UE is now working in large BW. While small BW CSI-RS measurement can save power. NR supports BW size of {24, 48, 96, 192, 268} PRBs in CSI-RS measurement. Frequency domain density for the 1-port CSI-RS with density {1, 3} can be used for mobility purpose CSI-RS measurement. Network can flexibly configure CSI-RS measurement BW and density according to different situations. From RAN4 RRM perspective, we can define certain CSI-RS measurement capability on minimum supported measurement bandwidth. For instance, limiting on 96 or even fewer measurement PRBs can avoid large size of FFT in UE implementation.
Proposal 2: RAN4 should consider defining capability of minimum CSI-RS measurement BW to alleviate UE’s burden.
On top of measurement bandwidth, the number of sets of CSI-RS resource also has impact on UE complexity. According to RAN1 design, maximum number of CSI-RS resource for each UE is set to be 64 per frequency layer when associated SSB is not configured. The number becomes 96 if associated SSB is configured. It seems that UE vendors had concern on such large number of CSI-RS resource. A similar way as mentioned above in BW section is to define capability on minimum supported number of CSI-RS resource. If it is agreed that we start from the case where associated SSB is not configured, we can narrow down from 64 when discussing the capability. For instance, RAN4 can consider start from 32 or even smaller number at the moment.
Proposal 3: to further reduce UE complexity, RAN4 should consider defining capability of minimum number of CSI-RS resources to support.
Besides, to even further reduce UE’s burden, we can also consider put some limit on the number of cells to be monitored, shared with SSB. More specifically, it has been in RAN4 that for each intra-frequency layer the UE shall be capable of monitoring at least 8 cells based on SSB measurement in FR1. It could be considered to extend current SSB based measurement to cover CSI-RS based RRM measurement as well, but still keep the same number of cells.

Proposal 4: to avoid huge UE complexity, current agreement in capability of number of cells should cover both SSB based and CSI-RS based RRM measurement.
3. Conclusions
In this contribution we discuss how to alleviate UE’s burden to support CSI-RS RRM measurement. After discussion, the following proposals are provided:
Proposal 1: in order to alleviate UE complexity, RAN4 shall start from intra-frequency gapless synchronous scenario when studying CSI-RS RRM requirements.
Proposal 2: RAN4 should consider defining capability of minimum CSI-RS measurement BW to alleviate UE’s burden.
Proposal 3: to further reduce UE complexity, RAN4 should consider defining capability of minimum number of CSI-RS resources to support.
Proposal 4: to avoid huge UE complexity, current agreement in capability of number of cells should cover both SSB based and CSI-RS based RRM measurement.
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