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Introduction
The CSI-RS based intra-frequency and inter-frequency definition was extensively discussed during the RAN4#92bis meeting. Some candidate options have been listed in the way forward [1], however, no consensus were reached on the intra-frequency measurements except the SCS of CSI-RS on the serving cell and target cell is the same.   
           · The following condition is agreed to define CSI-RS based intra-frequency measurement
· the SCS of CSI-RS on serving cell and target cell is the same
· Additional conditions are FFS
· The candidate options listed in slide 4-8 are considered to define CSI-RS based intra-frequency and inter-frequency measurement in RAN4#93 meeting
· Other options are not precluded
· The definition of intra-frequency and inter-frequency measurement should take UE measurement capability, MO configuration feasibility etc. into consideration.

In this contribution, we first review the CSI-RS based measurement configuration framework and discuss how the CSI-RS resources are configured for neighbor cell measurement 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.  
CSI-RS based L3 measurement configuration
The CSI-RS measurement configuration framework has been specified by RAN2 in [2]. 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 measurements for mobility in referenceSignalConfig. It may contain CSI-RS-ResourceConfigMobility which includes one or more (up to 96) CSI-RS-CellMobility configurations for different cells (PhyCellId). Each CSI-RS-CellMobility IE includes a measurement bandwidth csi-rs-MeasurementBW, which is confined in the frequency domain by the parameters nrofPRB and startPRB, and a list of CSI-RS resources (up to 96) to be measured periodically as configured in CSI-RS-Resource-Mobility. With such configuration framework, a UE may be configured to measure the CSI-RS resources of one neighbor cell in multiple MOs i.e. over different frequency locations. Some of the CSI-RS resources may be in the same MO of the serving cell measurement, while others may not. 
Observation1: For neighbor cell measurement, a UE may be configured to measure the CSI-RS resources in multiple MOs, i.e. in different frequency locations or with different SCS. 
While the CSI-RS based measurement is configured by the serving cell, the question arises how the serving cell configures CSI-RS measurements as the CSI-RS resources are UE-specific and transmitted by the neighbor cells. There has been some LS exchange between RAN2 and RAN1/RAN3. It was agreed that the cell’s CSI-RS configuration is exchanged between two gNBs in Xn Setup procedure and can be updated by NG-RAN node Configuration update procedure in NG-RAN scenario as cited below [3-4]. In this sense, the CSI-RS resources to be measured are allocated by the neighbor cells independently from the CSI-RS resources in the serving cell for serving cell measurement. From the network point of view, it is unlikely to configure the CSI-RS measurements always the same as the CSI-RS resources in the serving cells. They may be configured in the same or different MOs, with the same of different measurement bandwidth, SCS etc.
Observation2: The CSI-RS measurement configurations may be the same or different from the CSI-RS resources configured in the serving cell.
Given the observations, the CSI-RS resources to be measured could be allocated in time/frequency domain flexibly. All the potential locations in Fig. 1 shall be taken into account when defining the CSI-RS based intra-frequency and inter-frequency measurements.
Proposal1: All the potential locations of CSI-RS resources to be measured as in Fig.1 shall be considered when defining the CSI-RS based intra-frequency and inter-frequency measurements.
Question#2: How does a serving NG-RAN node configure CSI-RS measurements of neighbour cells in its served UEs? Are CSI-RS allocated per UE or per cell?
Response#2: It is RAN1’s understanding that a serving NG-RAN node will configure CSI-RS measurements of neighbor cells to its served UEs by UE-specific RRC message (i.e., the IE of CSI-RS-ResourceConfigMobility in TS38.331), and CSI-RS measurements of neighbour cells are allocated UE-specifically. Whether to configure CSI-RS measurements of neighbour cells dedicated to one UE, or shared by group of UEs, or shared by all UEs within one cell, is up to NW implementation and transparent to the UE.
RAN3 agreed that:
· The cell’s CSI-RS configuration is exchanged between two gNBs in Xn Setup procedure and can be updated by NG-RAN node Configuration update procedure in NG-RAN scenario.
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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 L3 measurement is based on the common reference signals which are transmitted over the full BW. Intra-frequency neighbour cell measurements are defined as performing measurements for target cells operating on the same carrier frequency [4]. Similar approach is applied to SSB based measurements in NR. As all the SSBs are of the same bandwidths, the intra-frequency measurement is defined if the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbor cell are the same, and the SCS of the two SSB are also the same. In addition, measurement gaps may be required for intra-frequency measurements if SSB is outside the active BWP of the UE. Inter-frequency measurement without gaps are also under discussion in the NR RRM requirement enhancement WI in. It is observed that the UE may behave similarly for intra-frequency and inter-frequency SSB based measurements if the SSB is completely contained in the active BWP, irrespective of whether the center frequency is the same or not. The definition of intra-frequency and inter-frequency shall take into account the gaps to better align the UE behavior in different measurement scenarios. 
Observation3: For SSB based measurements in NR, the UE may behave similarly for intra-frequency and inter-frequency SSB based measurements if the SSB is completely contained in the active BWP, irrespective of whether the center frequency is the same or not.
Proposal2: The definition of intra-frequency and inter-frequency shall take into account the gaps to better align the UE behavior in different measurement scenarios.    
Considering the CSI-RS based measurements, the CSI-RS resources to be measured may be in the same MO associated with the serving cell, where the center frequency and SCS are the same, or in the different MOs. Even in the same MO, the exact position of the CSI-RS signals within an RB is also configurable, which may or may not be exactly the same as the positions of CSI-RS signals in the serving cell. Therefore, the center frequency does not play the role as important as it does for SSB-based measurements. To better align the UE behavior in different measurement scenarios, it is proposed to define it as CSI-RS based intra-frequency measurements provided the bandwidth of the CSI-RS resources on the neighbor cell configured for measurement is within the active BWP of the UE, and SCS of the CSI-RS resources of the neighbor cell and the SCS of the serving cell are the same. With such definition of intra-frequency measurement, the gaps are not required for CSI-RS based intra-frequency measurements. 
Proposal3: 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 bandwidth of the CSI-RS resources on the neighbor cell configured for measurement is within the active BWP of the UE, and SCS of the CSI-RS resources of the neighbor cell and the SCS of the serving cell 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.
Proposal4: Measurement gaps are not required for CSI-RS based intra-frequency measurements.
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.
Proposal5: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
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: 
Observation1: For neighbor cell measurement, a UE may be configured to measure the CSI-RS resources in multiple MOs, i.e. in different frequency locations or with different SCS. 
Observation2: The CSI-RS measurement configurations may be the same or different from the CSI-RS resources configured in the serving cell.
Proposal1: All the potential locations of CSI-RS resources to be measured as in Fig.1 shall be considered when defining the CSI-RS based intra-frequency and inter-frequency measurements.
Observation3: For SSB based measurements in NR, the UE may behave similarly for intra-frequency and inter-frequency SSB based measurements if the SSB is completely contained in the active BWP, irrespective of whether the center frequency is the same or not.
Proposal2: The definition of intra-frequency and inter-frequency shall take into account the gaps to better align the UE behavior in different measurement scenarios.    
Proposal3: 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 bandwidth of the CSI-RS resources on the neighbor cell configured for measurement is within the active BWP of the UE, and SCS of the CSI-RS resources of the neighbor cell and the SCS of the serving cell 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.
Proposal4: Measurement gaps are not required for CSI-RS based intra-frequency measurements.
Proposal5: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
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