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1. Introduction
In RAN4 #94-e meeting, RAN4 had discussed the MO configuration and the definition of CSI-RS based intra-frequency and inter-frequency measurement. And the options are summarized in the agreed WF [1] as follows.
	· MO configuration
· Case 1: all CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured.
· Case 2: all CSI-RS resources in the same MO have the same center frequency, SCS, CP type configured. BW can be different.
· FFS whether to define RRM requirements for Case 2 in RAN4#94bis.
· Case 1: CSI-RS resource of serving cell is available
· CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
· the SCS of CSI-RS on the serving cell and neighbor cell is the same
· the CP type of CSI-RS on serving cell and target cell is the same
· It is applied for SCS = 60KHz
· the center frequency, bandwidth and active BWP
· Option 1: the center frequency of CSI-RS on the serving cell and neighbor cell is the same, and
· Option 2: the bandwidth of the CSI-RS on the neighbor cell is within the active BWP of the UE, and
· Option 3: the bandwidth of CSI-RS on the target cell is the same as bandwidth of CSI-RS resources on the serving cell
· Any combination of options above
· Note 1: the RAN4 design shall not contradict RAN2 agreements on MO signalling
· Note 2: the definition of intra-frequency and inter-frequency measurement shall not impact RAN1’s agreement on the definition of the same MO
· Case 2: CSI-RS resource of serving cell is not available
· Option 1: All MO are inter-frequency
· Option 2: No requirement is applied
· Decision on Intra-frequency and inter-frequency measurement definition shall be made no later than in RAN4 #94bis.


In this contribution, we further discuss the definition of CSI-RS based intra-frequency and inter-frequency measurement and provide our proposals.
2. Discussion
2.1 RAN1 agreement on CSI-RS configuration for RRM measurement
RAN1 had discussed the CSI-RS configuration for RRM measurement, and from RAN1’s perspective in the LS [2], 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. As illustrated in figure 1, MO1 is the supported configuration, however, MO2 is not supported from RAN1 perspective. 


  
Figure 1:  MO2 is not supported from RAN1 perspective
Observation 1: From RAN1 perspective, frequency layer for CSI-RS mobility resources is measurement object (MO). And CSI-RS resources in the same MO shall have the same center frequency.
2.2 Discussion 
In previous meeting, RAN4 had discussed the conditions to define intra-frequency measurement, and the following the conditions were agreed: 
· The SCS of CSI-RS on the serving cell and neighbor cell is the same. 
· the CP type of CSI-RS on serving cell and target cell is the same
· It is applied for SCS = 60KHz
For other conditions, i.e. the center frequency, within the active BWP, it was FFS. According to the discussion in last e-meeting, there are two alternative way to define intra-frequency and inter-frequency measurement. And the pros and cons are summarized as follows:
· Alt1:Use center frequency as reference 
· Pros 
· Follow the similar way as SSB based requirement to define CSI-RS based requirements, e.g. UE measurement capability, CSSF
· No impact with RAN1/RAN2 agreement on MO signaling
· Cons 
· The requirements are more complicated compared with Alt2, which are categorized by 4 types: 
· Intra-frequency measurement without gap
· Intra-frequency measurement with gap
· Inter-frequency measurement with gap
· Inter-frequency measurement without gap
· Alt2: Use active BWP of UE as reference 
· Pros 
· The requirements are simple compared with Alt1, which are categorized by 2 types:
· intra-frequency measurement without gap
· inter-frequency measurement with gap
· Cons 
· One MO may have intra-frequency measurement and inter-frequency measurement
· Bring complexity to define UE capability requirement
· Before and after active BWP switching, the same MO is considered as intra-frequency measurement and inter-frequency measurement. And the requirement for intra-frequency measurement (5 samples) and inter-frequency measurement are different (8 samples).
· Multiples MOs may be considered as intra-frequency, which is contradicted with RAN1/2 agreement on MO configuration.
According to above analysis, the advantage of Alt 2 is to keep the CSI-RS based measurement requirement simple. However, as mentioned above, some new issues will be raised if Alt 2 is used. And I think RAN4 will not have enough time to address these issues due to the heavy work load. In order to make progress, we propose to use Alt1 as one of the condition to define intra-frequency measurement, but the requirement can be down-select to define intra-frequency measurement without gap and inter-frequency with gap, as illustrated in figure 2 and 3.
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Figure 2: intra-frequency measurement without gap
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Figure 3: Inter-frequency measurement with gap
Proposal 1: 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 SCS of CSI-RS on the serving cell and neighbor cell is the same, and
· the CP type of CSI-RS on serving cell and target cell is the same, and
· It is applied for SCS = 60KHz
· the center frequency of CSI-RS on the serving cell and on neighbor cell is the same
· Otherwise, it can be defined as CSI-RS based inter-frequency measurement.
In case the CSI-RS resource of serving cell is not available, UE is configured Event A4 (Neighbour becomes better than threshold) for CSI-RS based measurement. Since there is no CSI-RS resource on serving cell, it can be assumed that the MOs configured for CSI-RS measurement can be considered as inter-frequency measurement.
Proposal 2: If the CSI-RS resource of serving cell is not available, the MOs configured for CSI-RS based RRM measurement are defined as CSI-RS based inter-frequency measurement.
Regarding the MO configurations for defining intra-frequency and inter-frequency measurement requirements, the only difference between case 1 and case 2 is whether CSI-RS BW can be the same in one configured MO. It was agreed that RAN4 will define the RRM requirements for case1. For case2, UE may be required to retune its RF chain to receive CSI-RS resource on certain target cell due to the different BW in the same MO. In order to keep the consistence of UE measurement behavior in one MO, we can compromise to accept to not define RRM requirement for case 2 configuration.
Proposal 3: RAN4 will not define the RRM requirements for Case 2 MO configuration in Rel-16.
3. Conclusion
In this contribution, we further discussed the definition of CSI-RS based intra-frequency and inter-frequency measurement and provide our proposals as follows:
Observation 1: From RAN1 perspective, frequency layer for CSI-RS mobility resources is measurement object (MO). And CSI-RS resources in the same MO shall have the same center frequency.
Proposal 1: 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 SCS of CSI-RS on the serving cell and neighbor cell is the same, and
· the CP type of CSI-RS on serving cell and target cell is the same, and
· It is applied for SCS = 60KHz
· the center frequency of CSI-RS on the serving cell and on neighbor cell is the same
· Otherwise, it can be defined as CSI-RS based inter-frequency measurement.
Proposal 2: If the CSI-RS resource of serving cell is not available, the MOs configured for CSI-RS based RRM measurement are defined as CSI-RS based inter-frequency measurement.
Proposal 3: RAN4 will not define the RRM requirements for Case 2 MO configuration in Rel-16.
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