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Introduction
During RAN#84 meeting, a new Work Item (WI) was approved to specify the RRM requirements for CSI-RS based L3 measurement with the objectives as listed below [1]. In this contribution, we first review the CSI-RS based measurement configuration framework as agreed in RAN1 and RAN2 in section 2. Then we discuss how to define the CSI-RS based intra-frequency and inter-frequency measurements and recommend the definition in section 3. Afterwards, the necessity of measurement gaps is further discussed in section 4, and the paper is concluded in section 5.   
           This new WID proposed to specify RRM requirements for CSI-RS based L3 measurements with the following aspects,
· 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 


CSI-RS based L3 measurement configuration
The functionality of CSI-RS based RRM measurement has been concluded in RAN1/2. According to [2], a UE shall perform measurements based on CSI-RS resources if it is configured with the high layer parameter CSI-RS-Resource-Mobility and the high layer parameter associatedSSB.
The CSI-RS measurement configuration framework has been specified by RAN2 in [3]. As shown in the Fig.1 below, a UE may be configured with multiple measurement objects (MOs) which indicates the frequency/time location and subcarrier spacing (SCS) of reference signals to be measured i.e. MO1, MO2. Associated with one MO, the network may configure SSB-based and/or CSI-RS based RRM measurement for mobility in referenceSignalConfig. It may contain CSI-RS-ResourceConfigMobility which includes one or more (up to 96) CSI-RS-CellMobility configurations for same or different cells (PhyCellId). Each CSI-RS-CellMobility includes a measurement bandwidth csi-rs-MeasurementBW, which is confined by the parameter nrofPRB and startPRB and can have up to 96 different CSI-RS resources (CSI-RS-Resource-Mobility) within the bandwidth. 
During RAN4#90bis meeting, RAN2 send a LS to RAN1/RAN4 asking for the clarification on the maximum number of CSI-RS resource restriction per frequency layer [4]. RAN1 indicated the below in the reply [5].  It is observed that:Additionally, 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.

1. For each MO, all the CSI-RS resources are supposed to be measured with single SCS. 
2. Within an MO, the center frequencies of the CSI-RS resources for all the cells are the same. 
3. The CSI-RS resources on the neighbor cell to be measured can be in the same MO associated with the serving cell, or in a different MO which may be configured with a different SCS and/or different center frequency.   
[image: ]
Figure 1 Exampled measurement configuration for CSI-RS based measurements
Intra-frequency and inter-frequency definition for CSI-RS based L3 measurement
In LTE, the measurement object is defined as a single E-UTRA carrier frequency. As the measurement is based on the common reference signals which are transmitted over the full BW, intra-frequency neighbour cell measurement are defined as performing measurements for target cells operating on the same carrier frequency [4]. However, in NR, the MO is defined as the frequency/time location and the SCSs for the reference signals to be measured. A neighbour cell may be associated with multiple MOs which corresponds to one centre frequency for each. Therefore, it is infeasible to define the CSI-RS based intra-frequency and inter-frequency measurements per carrier frequency or per cell. Instead, the definition shall be discussed on per-MO basis by comparing the centre frequency of the CSI-RS resources associated with an MO of the neighbour cell with the centre frequency of the CSI-RS resources on the serving cell.   
Proposal1: The definition of the CSI-RS based intra-frequency vs. inter-frequency measurement should be on per-MO basis. 
Based on Proposal1, we are discussing difference cases concerning the MO of neighbor cell with reference to the MO in the serving cell.
Case#1: MO of Neighbor cell is the same as the MO of Serving cell e.g. MO1
As shown in Fig.1, the CSI-RS resources of the neighbor cell1 and neighbor cell2 are associated with the same MO of the serving cell. As all the CSI-RS resources are with the same center frequency and SCS, the measurement shall be defined as the CSI-RS based intra-frequency measurement.  
Case#2: MO of Neighbor cell is different from the MO of serving cell e.g. MO2, MO3
If the neighbor cell and the serving cell are associated with different MOs, either they are supposed to be measured with different SCSs, or the CSI-RS resources are located referring to a different center frequency. In any of the cases, the UE is not able to measure the neighbor cell as it does in intra-frequency measurement. It needs more time to align the center frequency or adjust the SCS in order to measure the CSI-RS resources of the neighbor cell. This shall be defined as inter-frequency measurement as long as the MOs are different.   
In summary, the CSI-RS based intra-frequency and inter-frequency measurement can be defined as below: 
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the MO associated with the neighbor cell and the MO associated with the serving cell indicated for measurement are the same. 
CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided it is not defined as in CSI-RS based intra-frequency measurement.
Proposal2: It is proposed to define CSI-RS based intra-frequency and inter-frequency measurements as above. 
The intra-frequency measurement is always prioritized for UE mobility evaluation, as it takes less measurement time and potentially brings only limited scheduling interruption rather than the long measurement gaps. Therefore, it is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
Proposal3: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
Intra-frequency measurement w/ and w/o gaps
In [7], RAN4 has specified the SSB-based measurement requirements and indicates the UE can perform intra-frequency SSB based measurements without measurement gaps if
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP.
It is understood the SSBs within the active BWP can always be measured without gaps. We think the first bullet can be applied to CSI-RS based intra-frequency measurement, i.e. the CSI-RS resources of the neighbor cell can be measured without gaps if the bandwidth of the CSI-RS resources is completely contained in the active BWP of the UE e.g. neighbor cell1 in Fig.1.
In addition, for SSB based measurement, gaps are not required if the active downlink BWP is initial BWP. This is because there is always the cell-defined SSB (CD-SSB) being contained in the initial BWP. However, there is no such implication in CSI-RS based measurement configuration. The CSI-RS resources could be located beyond the initial BWP. Therefore, the second bullet above cannot be applied to the CSI-RS based intra-frequency measurement. That is, for the CSI-RS based measurement, the UE can perform intra-frequency measurement without measurement gaps if the bandwidth of the CSI-RS resources is completely contained in the active BWP of the UE.
Proposal4: The UE can perform CSI-RS based intra-frequency measurement without measurement gaps if the bandwidth of the CSI-RS resources is completely contained in the active BWP of the UE.
Otherwise, if the bandwidth of the CSI-RS resources is NOT completely contained in the active BWP of the UE, e.g. the neighbor cell 2 in Fig.1, the UE is supposed able to perform intra-frequency measurement at least for the CSI-RS resources within the active BWP. It needs to be clarified how the UE would measure the CSI-RS resources outside the active BWP.
Proposal5: It needs to be discussed whether measurement gaps are required for the intra-frequency case where the bandwidth of the CSI-RS resources is NOT completely contained in the active BWP of the UE.
Conclusion
This contribution discussed how to define the CSI-RS based intra-frequency and inter-frequency measurements and further consider the cases where no measurement gaps are required. The observations and proposals are summarized as below: 
Proposal1: The definition of the CSI-RS based intra-frequency vs. inter-frequency measurement should be on per-MO basis. 
Proposal2: It is proposed to define CSI-RS based intra-frequency and inter-frequency measurements as: 
CSI-RS based intra-frequency measurement: a measurement is defined as a CSI-RS based intra-frequency measurement provided the MO associated with the neighbor cell and the MO associated with the serving cell indicated for measurement are the same. 
CSI-RS based inter-frequency measurement: a measurement is defined as a CSI-RS based inter-frequency measurement provided it is not defined as in CSI-RS based intra-frequency measurement.
Proposal3: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
Proposal4: The UE can perform CSI-RS based intra-frequency measurement without measurement gaps if the bandwidth of the CSI-RS resources is completely contained in the active BWP of the UE.
[bookmark: _GoBack]Proposal5: It needs to be discussed whether measurement gaps are required for the intra-frequency case where the bandwidth of the CSI-RS resources is NOT completely contained in the active BWP of the UE.
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