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1. Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]The scope of CSI-RS measurement has been discussing in RAN4, and it would impact on UE complexity and RAN4 RRM works. In this paper, based on UE implementation’s point of view, we further discuss UE cost for CSI-RS measurement for serving cell (e.g. RLM and beam management), intra-frequency CSI-RS measurement, and inter-frequency CSI-RS measurement. 
2. Measurement based on CSI-RS
In the last meeting, RAN1 sent RAN4 a LS on CSI-RS based RRM [1], including aspects of associated SSB, cell timing, and number of configured CSI-RS resources:
	Agreement from RAN1 #91:
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.

Agreement from RAN1 2018 Ad-hoc #1:
· If associated SSB is configured:
· UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the Cell_ID of the CSI-RS resource configuration.
· Additionally, if the associated SS/PBCH block is configured, the higher layer parameter qcled-SSB further indicates whether or not the associated SS/PBCH block and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].
· If associated SSB is not configured:
· UE is required to perform measurements based on CSI-RS(s), even if SS/PBCH block(s) with corresponding cell ID are not detected.
· UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.

Please note the following from the above agreements:
· The value of N2 = 64
· [spatial RX parameters] is a parameter name placeholder currently used in RAN1 specification.



According to this LS on CSI-RS based RRM, it can observe that UE shall perform CSI-RS measurement based serving cell’s timing when associated SSB is not configured.
[bookmark: _Ref506601580]Observation 1: For intra-frequency and inter-frequency CSI-RS measurement, if associated SSB is not configured, UE shall perform CSI-RS measurement based serving cell’s timing.
Regarding the CSI-RS configuration, the timing location of CSI-RS resource is signalled by the RRC parameter slotConfig, and it would be based on frame boundary. Thus, the extra frame boundary detection of a cell could be required if cells’ timing are different from the serving cell’s. Note that the PBCH reading for other cell is necessary for the case of above 3GHz if cells are not synchronized in half frame, in order to read half frame indication (C0) for locating the frame boundary. 
[bookmark: _Ref506601583]Observation 2: For intra-frequency and inter-frequency CSI-RS measurement, if associated SSB is configured but frame boundaries of cells are not aligned in half frame (i.e. timing difference > 0.25ms), UE may be mandated to decode PBCH of neighboring cells.
Besides, the frame boundary would be derived from the timing location of detected SSBs, and SBI reading is required. In FR1, the PBCH decoding is not involved for SBI reading, and the reading time can be noted as TSBI_wo_PBCH_decoding. However, PBCH decoding will involves for SBI reading in FR2. 
Based on the above discussion, there is some hidden UE complexity before CSI-RS measuring, in order to get the frame boundary information for the target cell.
[bookmark: _Ref506670161]Observation 3: Compared to SSB-based measurement, additional UE complexity is needed for CSI-RS based measurement in order to get the frame boundary information for the target cell.

In addition, there are more aspects should be considered for CSI-RS measurement, regarding the scope of CSI-RS measurement, e.g. CSI-RS measurement for serving cell, intra-frequency CSI-RS measurement, and inter-frequency CSI-RS measurement.
Scope 1: CSI-RS measurement for serving cell, e.g. RLM and beam management
At least the following aspects should be considered for the CSI-RS measurement for serving cell 
1) UE capability. It at least should include the number of CSI-RS configurations to be measured per slot, and the total number of CSI-RS to be measured per CC. 
2) Limiting the CSI-RS configuration. There are too many configurable CSI-RS parameters, including numerology, slot offset and periodicity, sequence, measurement BW, the starting frequency location of measurement BW, common PRB grid offset, RE density in a PRB, RE mapping pattern, associated-SSB, …, etc. RAN4 should focus on some typical configurations for RRM works. 
3) CSI-RS for collision with SSB. It is not clear whether CSI-RS could be punctured by SSB. It expected no requirement is specified if CSI-RS resources are punctured by SSB.
4) Relation between CSI-RS measurement BW and active DL BWP. Without gap, it is not expected to measure CSI-RS resources outside the configured active DL BWP. In addition, if sufficient CSI-RS REs cannot be provided by the intersection of CSI-RS measurement BW and active BWP, measurement accuracy will degrade.
Scope 2: intra-frequency CSI-RS measurement
In additional to CSI-RS measurement for serving cell, following aspects should be further discussed for the intra-frequency CSI-RS measurement.  
1) Additional time required for determining the time location according to CSI-RS configuration, e.g., for SBI acquisition or half frame indication (C0) reading. 
2) Higher UE cost for cell timing tracking. Because CSI-RS is operated in frequency domain and it involves FFT operations, then the UE cost will be increased by tracking many cells’ timing. E.g. if the associated SSB is configured but cells’ timing are different from serving cell, it would significantly increase UE cost if cells are many.
3) More UE power consumption regarding the UE measurement duration. Given there is no measurement window concept as DMTC or SMTC, potentially higher power consumption is expected. Because CSI-RS resources from different cells could spread out in time domain, UE can hardly go sleep and UE power consumption will increase for intra-frequency measurement.
Scope 3: inter-frequency CSI-RS measurement
In addition, the following aspects should be discussed for the inter-frequency CSI-RS measurement.  
1) PBCH reading and more UE cost due to aynchronized cells. If cells’ timing are different from the serving cell, PBCH reading will likely involve. In addition, tracking on many individual cells’ timing will significant increase UE cost. 
2) Larger measurement BW due to cell specific measurement BW. For intra-frequency measurement, although measurement BW is cell-specific, it can be confined in the DL active BWP. But it is not clear for inter-frequency measurement. Because the frequency locations of CSI-RS resources of different cells could be different, it would mandate UE to use a very wide measurement BW for inter-frequency measurement. 
Based on the above discussion, we can observe that many open issues would involve in intra-/inter-frequency CSI-RS measurement. We also observed UE complexity could be increased due to SBI reading, PBCH reading, cell timing tracking, CSI-RS resource spreading in time domain, and cell-specific measurement BW. 
[bookmark: _Ref506601590]Observation 4: Intra-/Inter-frequency CSI-RS measurement could introduce more UE complexity and power consumption. 
[bookmark: _Ref506601593]Observation 5: The scope of CSI-RS is important for on-time delivery of RAN4 SPEC.
Based on the observations, it would be beneficial to focus on CSI-RS measurement for serving cell as a starting point.
[bookmark: _Ref503465482][bookmark: _Ref506601597]Proposal 1: Prioritize CSI-RS measurement for serving cell, i.e. RLM and beam management.

3 	Summary
In this paper, we summarize the UE complexity and open issues regarding the scope of CSI-RS measurement. We have the following observations and proposals:
Observation 1: For intra-frequency and inter-frequency CSI-RS measurement, if associated SSB is not configured, UE shall perform CSI-RS measurement based serving cell’s timing.
Observation 2: For intra-frequency and inter-frequency CSI-RS measurement, if associated SSB is configured but frame boundaries of cells are not aligned in half frame (i.e. timing difference > 0.25ms), UE may be mandated to decode PBCH of neighboring cells.
Observation 3: Compared to SSB-based measurement, additional UE complexity is needed for CSI-RS based measurement in order to get the frame boundary information for the target cell.
Observation 4: Intra-/Inter-frequency CSI-RS measurement could introduce more UE complexity and power consumption.
Observation 5: The scope of CSI-RS is important for on-time delivery of RAN4 SPEC.
Proposal 1: Prioritize CSI-RS measurement for serving cell, i.e. RLM and beam management.
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