3GPP TSG-RAN4 Meeting #92bis 		R4-1910952
Chongqing, China, 14th Oct – 18th Oct, 2019
Title:	Discussion on definition of CSI-RS based intra-frequency and inter-frequency measurement
Source:	CATT
[bookmark: _GoBack]Agenda Item:	8.16.1.2
Document for:	Discussion
1. Introduction
In RAN#84 meeting, a new Rel-16 WI on RRM requirements for CSI-RS based L3 measurement was approved in [1]. Based on the WI scope, the following objectives are covered:
	· 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 contribution, we discuss the definition of CSI-RS based intra-frequency and inter-frequency measurement and provide our proposals.
2. Discussion
The definitions of intra-frequency and inter-frequency measurement for SSB and CSI-RS separately were discussed and agreed in [2]. For CSI-RS based intra-frequency and inter-frequency measurement, the agreement was captured as follows:
	· Intra-frequency for CSI-RS based measurement: measurement bandwidth of CSI-RS of target cell is within the measurement bandwidth of CSI-RS of serving cell. Same SCS is assumed between serving and target cell CSI-RS.
· Inter-frequency for CSI-RS based measurement: measurement bandwidth of CSI-RS of target cell is not within the measurement bandwidth of CSI-RS of serving cell. 



According to previous agreements, figure 1 illustrates the definition of intra-frequency and inter-frequency measurement. From RAN4’s perspective, as long as UE is not required additional effort to perform CSI-RS based measurement of neighbor cell, e.g. RF retuning, it can be considered as intra-frequency measurement. Thus, measurement on cell 1 in figure 1 can be considered as intra-frequency measurement, and measurement on cell 2 is considered as inter-frequency measurement.


Figure 1: Definition of intra-frequency and inter-frequency measurement agreed in RAN4#84 meeting
However in RAN4#91 meeting, RAN4 discussed the LS [3] from RAN1 on the signaling framework for CSI-RS configuration for RRM measurement. And RAN4 agreed to discuss the definition of intra-frequency and inter-frequency measurement in Rel-16 based on RAN1/2 agreements.  
In the LS, RAN1 has agreed that from RAN1’s perspective, frequency layer for CSI-RS mobility resources is measurement object (MO), and RAN1 has additionally agreed that CSI-RS resources in the same MO shall have the same center frequency, i.e. startPRB + floor(nrofPRBs/2) value and have the same SCS. In addition, RAN1 has clarified in the LS that CSI-RS resources have different center frequency (i.e. startPRB + floor (nrofPRBs/2)) in a MO should not be supported.Therefore, with the restriction defined in RAN1, the definition of intra-frequency measurement need to be revised by taking center frequency into account from RAN4’s perspective.
Proposal 1: The definition of intra-frequency measurement shall be revised by taking center frequency into account from RAN4’s perspective.
RAN1 had agreed in the LS that all CSI-RS resources from the same MO should have the same center frequency, and they should be considered as the same frequency layer, as illustrated in figure 2. According to RAN1’ agreement, serving cell, cell 1 and cell 2 can be considered as the same frequency layer, however, it cannot be considered as intra-frequency measurement thought they have the same center frequency, since the measurement bandwidth of cell can be different. In this figure 2, the measurement bandwidth of CSI-RS resources in cell 1 is smaller than that of CSI-RS resources in serving cell, thus, the CSI-RS based measurement of cell 1 can be considered as intra-frequency measurement. However, the CSI-RS based measurement of cell 2 cannot be considered as intra-frequency measurement, since UE has to adjust its RF chain to perform CSI-RS based measurement in cell 2.


Figure 2: CSI-RS resources of different cells in the same frequency may have different measurement bandwidth
Proposal 2: the definition of CSI-RS based intra-frequency measurement shall take the measurement bandwidth of CSI-RS resources into account.
Therefore, the definition of CSI-RS based intra-frequency measurement shall take RAN1’s agreement and RAN4’s consideration into account, as illustrated in figured 3. The definition can be defined as follows:
-	CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that: 
· the center frequency of CSI-RS resources on the target cell configured for measurement is the same as center frequency of CSI-RS resources on the serving cell configured for measurement, and, 
· the measurement bandwidth of CSI-RS resources of target cell configured for measurement is within the measurement bandwidth of CSI-RS resources of serving cell configured for measurement, 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 that: 
· the center frequency of CSI-RS resources on the target cell configured for measurement is not the same as center frequency of CSI-RS resources on the serving cell configured for measurement, and, 
· the measurement bandwidth of CSI-RS resources of target cell configured for measurement is not within the measurement bandwidth of CSI-RS resources of serving cell configured for measurement, and, 
· the subcarrier spacing of the two CSI-RS resources is not the same.


Figure 3: Illustration of intra-frequency measurement
Proposal 3: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement shall be defined as follows:
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that: 
· the center frequency of CSI-RS resources on the target cell configured for measurement is the same as center frequency of CSI-RS resources on the serving cell configured for measurement, and, 
· the measurement bandwidth of CSI-RS resources of target cell configured for measurement is within the measurement bandwidth of CSI-RS resources of serving cell configured for measurement, 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 that: 
· the center frequency of CSI-RS resources on the target cell configured for measurement is not the same as center frequency of CSI-RS resources on the serving cell configured for measurement, and, 
· the measurement bandwidth of CSI-RS resources of target cell configured for measurement is not within the measurement bandwidth of CSI-RS resources of serving cell configured for measurement, and, 
· the subcarrier spacing of the two CSI-RS resources is not the same.
3. Conclusion
In this contribution, we discussed the definition of CSI-RS based intra-frequency and inter-frequency measurement and provide our proposals as follows:
Proposal 1: The definition of intra-frequency measurement shall be revised by taking center frequency into account from RAN4’s perspective.
Proposal 2: the definition of CSI-RS based intra-frequency measurement shall take the measurement bandwidth of CSI-RS resources into account.
Proposal 3: The definition of intra-frequency measurement and inter-frequency measurement for CSI-RS based RRM measurement shall be defined as follows:
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that: 
· the center frequency of CSI-RS resources on the target cell configured for measurement is the same as center frequency of CSI-RS resources on the serving cell configured for measurement, and, 
· the measurement bandwidth of CSI-RS resources of target cell configured for measurement is within the measurement bandwidth of CSI-RS resources of serving cell configured for measurement, 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 that: 
· the center frequency of CSI-RS resources on the target cell configured for measurement is not the same as center frequency of CSI-RS resources on the serving cell configured for measurement, and, 
· the measurement bandwidth of CSI-RS resources of target cell configured for measurement is not within the measurement bandwidth of CSI-RS resources of serving cell configured for measurement, and, 
· the subcarrier spacing of the two CSI-RS resources is not the same.
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