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1. Introduction

In the last meeting, there is discussion on the definition of CSI-RS based intra-frequency measurement and a WF was agreed [1]. This contribution provides further discussion on the definition of intra-frequency measurement.

2. Discussion 
2.1 Definition of intra-frequency measurement
In this February meeting, RAN2 sent LS to RAN1/RAN4 on clarification about CSI-RS measurement [2]. In this April meeting, RAN1 sent reply LS to RAN2/4 on this issue [3]. According to the reply LS [3], RAN1 has agreed that CSI-RS resources in the same MO shall have the same centre frequency (i.e., startPRB + floor(nrofPRBs/2)) value and have the same SCS. 

RAN1 reply LS on clarification about CSI-RS measurement:

RAN1 has agreed that CSI-RS resources in the same MO shall have the same centre frequency (i.e., startPRB + floor(nrofPRBs/2)) value and have the same SCS, and would like to recommend to RAN2 to capture the restriction in appropriate RAN2 specifications.
Since it was agreed in RAN4 that CSI-RS based L3 measurement is not specified in Rel-15, RAN4 just reply RAN1/2 that RAN4’s previous agreements on definition of CSI-RS based intra-frequency and inter-frequency measurement will be updated in Rel-16 by taking RAN1 /2 agreements into consideration [4]. 
RAN4 reply LS on clarification about CSI-RS measurement:
RAN4 would like to thank RAN2 for the LS on clarification about CSI-RS measurement. RAN4 has discussed the questions raised in the LS. RAN4 also has taken RAN1 agreements in reply LS R1-1905909 (R4-1905310) into consideration. Following conclusions has been reached. 

RAN4 did not have detailed discussion on the CSI-RS based L3 measurement in Rel-15. The RAN4’s previous agreements on definition of CSI-RS based intra-frequency and inter-frequency measurement will be updated in Rel-16 by taking RAN1 /2 agreements into consideration.
Since RAN1 and RAN2 have agreement on the definition of same MO in Rel-15. The definition of CSI-RS based intra-frequency measurement need to avoid the change on the definition of same MO.

Proposal 1: The definition of CSI-RS based intra-frequency measurement need to avoid the change on the definition of same MO in RAN1/2.   

According to the agreed WF, there are multiple candidate solutions. Each option has pros and cons. For simplicity,   from our point of view, the RAN1’s agreement on the same MO can be reused to define the CSI-RS based intra-frequency measurement. CSI-RS based intra-frequency measurement is defined as that CSI-RS resource on the neighbour cell configured for measurement has the same centre frequency (startPRB + floor(nrofPRBs/2)) as the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources is the same. 
Proposal 2: it is proposed to define CSI-RS based intra-frequency measurement and inter-frequency measurement as following:
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the centre frequency (startPRB + floor(nrofPRBs/2)) of the CSI-RS resource of the serving cell indicated for measurement and the centre frequency (startPRB + floor(nrofPRBs/2)) of the CSI-RS resource of the neighbour cell indicated for measurement are the same, and the subcarrier spacing of the two CSI-RS resources is the same.
· CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the centre frequency (startPRB + floor(nrofPRBs/2)) of the CSI-RS resource of the serving cell indicated for measurement and the centre frequency (startPRB + floor(nrofPRBs/2)) of the CSI-RS resource of the neighbour cell indicated for measurement are different, or the subcarrier spacing of the two CSI-RS resources are different.

2.2 Measurement with MG and measurement without MG

According to the above definition, considering that UE measurement behavior is affected by timing, bandwidth and SCS, the intra-frequency measurement may need measurement gap, vice versa, the inter-frequency measurement may do not need measurement gap.
The timing of the target CSI-RS resource could either be based on the timing of the serving cell or based on a certain cell. According to RAN1 design, if a UE is not configured with associatedSSB, the UE base the timing of the CSI-RS resource on the timing of the serving cell. If a UE is configured with associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. 
Table 1 is the summary of possible scenarios of CSI-RS based intra-frequency measurement. For the case without associated SSB, since the timing of target CSI-RS resource is based on the serving cell, detection of PSS/SSS is not necessary. If target CSI-RS is fully covered by the active BWP, UE perform measurement without MG. If target CSI-RS is not fully covered by active BWP, UE perform measurement with MG. For the case with associated SSB, since UE anyway need to perform PSS/SSS detection of the cell given by cellId to get the timing before the measurement of CSI-RS, if the associated SSB is inter-frequency measurement or intra-frequency measurement with MG, from our understanding, the target CSI-RS measurement can be classified as measurement with MG. If the associated SSB is intra-frequency measurement without MG, it is similar as the case without associated SSB.
For CSI-RS based intra-frequency measurement, according to the above discussion, it is necessary to specify the requirements for both measurement with MG and measurement without MG target for different scenarios.

Proposal 3: for CSI-RS based intra-frequency measurement, it is proposed to specify the requirements for both measurement with MG and measurement without MG.
Table 1 possible scenarios of CSI-RS based intra-frequency measurement
	
	without associated SSB
	with associated SSB

	
	
	Associated SSB is intra-f w/o MG
	Associated SSB is intra-f w/ MG
	Associated SSB is inter-f

	Target CSI-RS is fully covered by active BWP
	MG is not needed
	MG is not needed
	MG is needed

	Target CSI-RS is not fully covered by active BWP
	MG is needed
	MG is needed
	MG is needed


Table 2 is the summary of possible scenarios of CSI-RS based inter-frequency measurement. If target CSI-RS is not fully covered by active BWP, no matter the associated SSB is configured or not, UE will perform measurement with MG. If target CSI-RS is fully covered by active BWP, we would like to have a discussion case by case. For the case without associated SSB and the case that associated SSB is configured but the SSB measurement is performed w/o MG, MG is not necessary to perform CSI-RS measurement. For the case that associated SSB is configured and the SSB measurement is performed with MG, MG is needed to perform CSI-RS measurement.
For CSI-RS based inter-frequency measurement, according to the above discussion, it is necessary to specify the requirements for both measurement with MG and measurement without MG target for different scenarios.

Proposal 4: for CSI-RS based inter-frequency measurement, it is proposed to specify the requirements for both measurement with MG and measurement without MG. 
Table 2 possible scenarios of CSI-RS based inter-frequency measurement
	
	without associated SSB
	with associated SSB

	
	
	Accociated SSB is intra-f w/o MG
	Accociated SSB is intra-f w/ MG
	Accociated SSB is inter-f

	Target CSI-RS is fully covered by active BWP
	Case 1: SCS is same, MG is not needed
Case 2: SCS is different, whether MG/scheduling restriction is needed or not depends on UE capability
	MG is needed

	Target CSI-RS is not fully covered by active BWP
	MG is needed
	MG is needed
	MG is needed


For inter-frequency measurement with that target CSI-RS is fully covered by active BWP but has different SCS with serving CSI-RS resource, which is highlighted in yellow in Table 2, whether MG or scheduling restriction is needed or not depends on UE capability. In current spec, there are some UE capabilities to indicate whether UE can handle different SCS simultaneously. For example, SimultaneousRxDataSSB-DiffNumerology is used to indicate whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology. SupportedSubCarrierSpacingDL defines the supported sub-carrier spacing for DL by the UE indicating the UE supports simultaneous reception with same or different numerologies in CA. Both of the two parameters indicate whether simultaneous reception of different numerologies is supported or not. From our point of view, if UE is capable of simultaneous reception with different numerologies, the CSI-RS based measurement with different SCS could be performed without MG.  
Proposal 5: for inter-frequency measurement with target CSI-RS fully covered by active BWP, but has different SCS with serving CSI-RS resource, if UE is capable of simultaneous reception with different numerologies, MG or scheduling restriction is not necessary. 
3. Conclusion
This contribution provides general discussion on CSI-RS based RRM requirements, the proposals are:
Proposal 1: The definition of intra-frequency measurement need to avoid the change on the definition of same MO in RAN1/2.   
Proposal 2: it is proposed to define CSI-RS based intra-frequency measurement and inter-frequency measurement as following:

· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the centre frequency (startPRB + floor(nrofPRBs/2)) of the CSI-RS resource of the serving cell indicated for measurement and the centre frequency (startPRB + floor(nrofPRBs/2)) of the CSI-RS resource of the neighbour cell indicated for measurement are the same, and the subcarrier spacing of the two CSI-RS resources is the same.

· CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided the centre frequency (startPRB + floor(nrofPRBs/2)) of the CSI-RS resource of the serving cell indicated for measurement and the centre frequency (startPRB + floor(nrofPRBs/2)) of the CSI-RS resource of the neighbour cell indicated for measurement are different, or the subcarrier spacing of the two CSI-RS resources are different.

Proposal 3: for CSI-RS based intra-frequency measurement, it is proposed to specify the requirements for both measurement with MG and measurement without MG. And the scenario with MG and the scenario without MG are summarized as below table.

Table 1 possible scenarios of CSI-RS based intra-frequency measurement
	
	without associated SSB
	with associated SSB

	
	
	Associated SSB is intra-f w/o MG
	Associated SSB is intra-f w/ MG
	Associated SSB is inter-f

	Target CSI-RS is fully covered by active BWP
	MG is not needed
	MG is not needed
	MG is needed

	Target CSI-RS is not fully covered by active BWP
	MG is needed
	MG is needed
	MG is needed


Proposal 4: for CSI-RS based inter-frequency measurement, it is proposed to specify the requirements for both measurement with MG and measurement without MG. And the scenario with MG and the scenario without MG are summarized as below table.

Table 2 possible scenarios of CSI-RS based inter-frequency measurement
	
	without associated SSB
	with associated SSB

	
	
	Accociated SSB is intra-f w/o MG
	Accociated SSB is intra-f w/ MG
	Accociated SSB is inter-f

	Target CSI-RS is fully covered by active BWP
	Case 1: SCS is same, MG is not needed
Case 2: SCS is different, whether MG is needed or not depends on UE capability
	MG is needed

	Target CSI-RS is not fully covered by active BWP
	MG is needed
	MG is needed
	MG is needed


Proposal 5: for inter-frequency measurement with target CSI-RS fully covered by active BWP, but has different SCS with serving CSI-RS resource, if UE is capable of simultaneous reception with different numerologies, MG or scheduling restriction is not necessary. 
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