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1. Introduction
At the RAN4 #92 meeting, work plan for RRM requirements for CSI-RS based L3 measurement was approved. Followings are objectives captured in [1].
The WI on RRM requirements for CSI-RS based L3 measurement will be specified in Rel-16 time frame and this new WI should be completed by March 2020 in Core requirement aspects. 
1) RAN4 # 92BIS
· Discuss and evaluate the measurement bandwidth of CSI-RS for RRM requirements
· Define CSI-RS based intra-frequency and inter-frequency measurement
· Discuss and introduce new UE measurement capability, including number of frequency layer and number of cells etc., for CSI-RS based measurement
· Initial discuss intra-frequency and inter-frequency measurement requirements

2) RAN4 # 93
· Complete the requirements for CSI-RS based UE measurement capability, including number of frequency layer and number of cells etc.,
· Complete intra-frequency and inter-frequency measurement requirements
· Evaluate CSI-RS based L3 measurement accuracy requirements
· Provide draft CRs for CSI-RS based L3 measurement core requirements

3) RAN4 # 94
· Approve CRs for CSI-RS based L3 measurement core requirements
· Finalize CSI-RS based L3 measurement core requirements 
· Evaluate CSI-RS based L3 measurement accuracy requirements; approve simulation assumption for accuracy evaluation if needed.
· Identify list of test cases for CSI-RS based L3 measurement performance

4) RAN4 # 94BIS
· Continue discuss identified test cases and configuration parameters for CSI-RS based L3 measurement performance
· Provide draft CRs CSI-RS based L3 measurement accuracy requirements
· Provide draft test case CRs for CSI-RS based L3 measurement performance

5) RAN4 # 95
· Approve CRs on RRM performance test cases 
· Complete RRM performance requirement

In this contribution, we present our views on physical layer parameters of CSI-RS that affect number of samples for L3 measurement and measurement period considering beam or timing synchronization.
2. Discussion 
Number of CSI-RS REs for L3 measurement
Following parameters are configurable for CSI-RS for mobility.
· Density (1 or 3)
· Number of PRBs (24 - 264)
· Periodicity
Depending on these parameters, the number of CSI-RS REs for L3 measurement varies from 24 to 792 REs, since the number of PRBs of CSI-RS varies from 24 to 264 and possible value of CSI-RS density is 1 or 3, while number of REs of SSB is fixed by 144 because SSS has 12 PRBs and 1PRB consists of 12 subcarriers. If number of configured REs for L3 measurement varies, feasible measurement accuracy can be changed. Therefore, as one of the parameters which determine delay requirements for CSI-RS based L3 measurement, number of configurable REs of CSI-RS for L3 measurement should be considered. 
Observation 1: Based on the RAN1/2 design, the number of CSI-RS REs for L3 measurement varies between 24 and 792, while that for SSB is fixed to 144. 
Proposal 1: RRM specification should be designed based on either of the two ideas described below.
· When number of samples is comparable to that of the case of SSB based, measurement accuracy of CSI-RS based L3 measurement should be higher than that of SSB based.
· When measurement accuracy of CSI-RS based L3 measurement is same level as that of SSB based, number of samples for CSI-RS based L3 measurement should be lower than that of SSB based.
Measurement period
Both SSB and CSI-RS based L1-RSRP measurements have already been defined in Rel.15, and also SSB based L3 measurement has been defined. According to TS38.133 Sec.9.5.4, measurement delay requirements for CSI-RS based L1-RSRP measurement is defined as a formula, and they include two parameters such as number of samples for L1-RSRP measurement and scaling factor considering overlap between CSI-RS measurement duration and SMTC or Measurement gap. On the other hand, delay requirement for SSB based L3 measurement consists three parameters such as number of samples for L3 measurement, scaling factor considering overlap between SMTC and Measurement gap and scaling factor considering UE Rx beam sweeping in case of FR2. UE Rx beam sweeping is not considered for CSI-RS based L1-RSRP measurement because it is assumed that CSI-RS for L1-RSRP measurement are QCL-ed to SSB or CSI-RS with repetition ON. However, considering CSI-RS based L3 measurement, QCL resource may not be configured for CSI-RS like SSB based L3 measurement since measurements for neighbour cells may be needed. Based on above, we think that at least three parameters should be considered for CSI-RS based L3 measurement as below:
· x : Number of samples for L3 measurement with appropriate accuracy  
· y : Scaling factor considering overlap between CSI-RS measurement duration and SMTC or Measurement gap
· z : Scaling factor considering UE Rx beam sweeping 

Observation 2: To determine delay requirement for CSI-RS based L3 measurement, at least three parameters should be necessary like FR2 CSI-RS based L1 and SSB based L3 measurement.
Proposal 2: Specify delay requirement for CSI-RS-based L3 measurement as a function of x, y and z.
· x : Number of samples for L3 measurement with appropriate accuracy  
· y : Scaling factor considering overlap between CSI-RS measurement duration and SMTC or Measurement gap
· z : Scaling factor considering UE Rx beam sweeping 

Beam and timing synchronization
(a) Timing synchronization
Figures 1(a) and 1(b) show beam and timing synchronization for CSI-RS for L3 measurement. As described in fig.1(a), for the timing synchronization, UE can determine the timing of CSI-RS depending on which cell should refer to, e.g., indicated cellid or refServCellIndex or PCell according to associatedSSB is configured or not.
(b) Beam synchronization
For the beam synchronization, according to TS38.331 Sec.6.3.2 of Rel.15, UE can know whether configured CSI-RS is QCL-typeD with  associatedSSB or not from isQuasiColocated as described in fig.1(b). If both associatedSSB and isQuasiColocated are configured, UE will deal with CSI-RS assuming that CSI-RS and the associatedSSB are QCL-typeD, therefore the same spatial parameters can be used. However, isQuasiColocated is allowed to OFF and associatedSSB is configured but associatedSSB is not configured are also possible. Therefore, we need to discuss how to determine RAN4 specifications when isQuasiColocated is OFF and associatedSSB is configured but associatedSSB is not configured . 
Observation 3: isQuasiColocated is optional parameters in RAN2 specification. If it is not provided, UE cannot assume that CSI-RS is the same spatial parameters as SSB.
Proposal 3: Study how to design RRM specifications when isQuasiColocated is OFF and associatedSSB is configured but associatedSSB is not configured , e.g., larger scaling factor for Rx beam sweeping, no support, etc.
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Fig.1 Sequence diagram about associatedSSB and isQuasiColocated. (a) Timing synchronization aspect (b)Beam synchronization aspect
3. Conclusion
Observation 1: Based on the RAN1/2 design, the number of CSI-RS REs for L3 measurement varies between 24 and 792, while that for SSB is fixed to 144. 
Observation 2: To determine delay requirement for CSI-RS based L3 measurement, at least three parameters should be necessary like FR2 CSI-RS based L1 and SSB based L3 measurement.
Observation 3: isQuasiColocated is optional parameters in RAN2 specification. If it is not provided, UE cannot assume that CSI-RS is the same spatial parameters as SSB.
Proposal 1: RRM specification should be designed based on either of the two ideas described below.
· When number of samples is comparable to that of the case of SSB based, measurement accuracy of CSI-RS based L3 measurement should be higher than that of SSB based.
· When measurement accuracy of CSI-RS based L3 measurement is same level as that of SSB based, number of samples for CSI-RS based L3 measurement should be lower than that of SSB based.
Proposal 2: Specify delay requirement for CSI-RS-based L3 measurement as a function of x, y and z.
· x : Number of samples for L3 measurement with appropriate accuracy  
· y : Scaling factor considering overlap between CSI-RS measurement duration and SMTC or Measurement gap
· z : Scaling factor considering UE Rx beam sweeping
[bookmark: _GoBack]Proposal 3: Study how to design RRM specifications when isQuasiColocated is OFF and associatedSSB is configured but associatedSSB is not configured, e.g., larger scaling factor for Rx beam sweeping, no support, etc.
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