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Introduction
During RAN#93 meeting, how to define an intra-frequency CSI-RS L3 measurement was discussed and the way forward was captured in [1] as below. While some of the principles e.g. SCS and CP type have been agreed to determine an intra-frequency measurement, others are not concluded. In this contribution, we are discussing the open issues and proposing the scope for an intra-frequency CSI-RS measurement.   
           · 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


Discussion
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 [2]. 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. And inter-frequency measurement without gaps are also under discussion in the RRM requirement enhancement WI. It is found the UE behaves similarly as long as 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 active BWP to better align the UE behavior in different measurement scenarios. 
Observation1: For SSB based measurements in NR, the UE behaves similarly as long as the SSB is completely contained in the active BWP, irrespective of whether the center frequency is the same or not.
Proposal1: The definition of intra-frequency and inter-frequency shall take into account the active BWP to better align the UE behavior in different measurement scenarios.    
Considering the CSI-RS based measurements, the CSI-RS resources configured in one measurement object i.e. MO shall have the same center frequency according to the RAN1 LS [3]. However, the CSI-RS resources may be configured with different bandwidths, which leads to the potential gap-assisted measurement if some CSI-RS resource is spreading outside the active BWP e.g. the CSI-RS resource of neighbor cell2 as exampled in Figure 1. In this sense, the CSI-RS resources in one MO may not be measured in the same way which complicates the network configuration as well as the UE behavior. The CSI-RS based intra-frequency measurement shall consider the case where the CSI-RS resource of the neighbor cell to be measured is within the active BWP e.g. the CSI-RS resource of neighbor cell 1.  
Proposal2: The CSI-RS based intra-frequency measurement shall consider the case where the CSI-RS resource of the neighbor cell to be measured is within the active BWP.
[image: ]
Figure 1 Exampled measurement configuration for CSI-RS based measurements
In some cases, the CSI-RS resource in the neighbor cell is not completely contained in the active BWP e.g. the CSI-RS resource of neighbor cell2. As the CSI-RS signals are available in each PRB within the measurement bandwidth, the UE may only measure the CSI-RS resources within the active BWP instead of requesting gaps to measure over the complete configured bandwidth. Although less number of CSI-RS signals are measured, the network is free from gap configuration and interruption to scheduling can be minimized. Additionally, to avoid the performance degradation due to less CSI-RS signals, the UE may increase the number of samples so that a comparable accuracy can be obtained. The CSI-RS based intra-frequency measurement can also consider the case where the CSI-RS resource of the neighbor cell to be measured is partially overlapping with the active BWP, and the UE only measures the part of CSI-RS within the active BWP.   
[bookmark: _GoBack]Proposal3: The CSI-RS based intra-frequency measurement shall consider the case where the CSI-RS resource of the neighbor cell to be measured is partially overlapping with the active BWP, and the UE only measures the part of CSI-RS resource within the active BWP.
Taking above into account, the CSI-RS based intra-frequency measurement can be defined provided the bandwidth of the CSI-RS resources on the neighbor cell configured for measurement is partially or completely within the active BWP of the UE, and SCS and CP type of the CSI-RS resources of the neighbor cell and the SCS of the serving cell are the same. With this definition, measurement gaps are not required for CSI-RS based intra-frequency measurements. 
Additionally, if the CSI-RS of a cell is not within the active BWP they are not measured by the UE. Hence, RAN4 does not consider intra-frequency measurement gaps for L3 CSI-RS intra-frequency measurements.
Proposal4: The CSI-RS based intra-frequency measurement is 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 partially or completely within the active BWP of the UE, and SCS and CP type of the CSI-RS resources of the neighbor cell and the SCS of the serving cell are the same.
Proposal5: Measurement gaps are not defined for L3 CSI-RS based intra-frequency measurements.
The intra-frequency measurement is always prioritized over inter-frequency measurements for UE mobility evaluation, as it takes less measurement time and potentially brings only limited scheduling interruption compared to using measurement gaps. Therefore, it is proposed that RAN4 initially work on the intra-frequency measurement L3 CSI-RS based requirements. And once intra-frequency requirements are ready RAN4 develops the inter-frequency CSI-RS requirements.
Proposal6: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
Conclusion
This contribution discusses the scenarios which shall be considered as the CSI-RS based intra-frequency measurements and further proposes the principle for the definition. The observations and proposals are summarized as below: 
Observation1: For SSB based measurements in NR, the UE behaves similarly as long as the SSB is completely contained in the active BWP, irrespective of whether the center frequency is the same or not.
Proposal1: The definition of intra-frequency and inter-frequency shall take into account the active BWP to better align the UE behavior in different measurement scenarios.    
Proposal2: The CSI-RS based intra-frequency measurement shall consider the case where the CSI-RS resource of the neighbor cell to be measured is within the active BWP.
Proposal3: The CSI-RS based intra-frequency measurement shall consider the case where the CSI-RS resource of the neighbor cell to be measured is partially overlapping with the active BWP, and the UE only measures the part of CSI-RS resource within the active BWP.
Proposal4: The CSI-RS based intra-frequency measurement is 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 partially or completely within the active BWP of the UE, and SCS and CP type of the CSI-RS resources of the neighbor cell and the SCS of the serving cell are the same.
Proposal5: Measurement gaps are not required for CSI-RS based intra-frequency measurements.
Proposal6: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
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