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Introduction
The definition of CSI-RS based intra-frequency measurement has been discussed over several meetings, but companies still could not reach the consensus. The candidate options are captured in the way forward [1] as below.  In order to move forward on this topic, we are discussing the expected UE measurement behavior in different cases in this contribution. Based on the observations, we propose our views on how to define the intra-frequency measurements.
           · 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
· Option 2: the bandwidth of the CSI-RS on the neighbor cell is within the active BWP of the UE
· 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.


Discussion
For CSI-RS based RRM measurements, a UE may be configured with a list of CSI-RS resources for each neighbour cell to be measured. The CSI-RS resource is confined by a configurable measurement bandwidth up to 264PRB, and it may have different bandwidth, different centre frequency and/or different frequency/time location from the CSI-RS resource in the serving cell. There are the questions how a UE measures the CSI-RS resources and how to ensure the measurement results are comparable in order to make mobility decision. We are discussing these aspects in following examples. 
Firstly, we discuss the cases where the CSI-RS resources are completely contained in the active BWP. Figure 1 gives an example where the CSI-RS in neighbour cell has the same centre frequency with the CSI-RS in serving cell, but the measurement bandwidth may be different. 
· For neighbour cell1, the CSI-RS resource is configured with the same measurement bandwidth as the CSI-RS in serving cell e.g. 48PRB and density = 3. It is understood the UE can measure both CSI-RS resources using the same chunk. The measurement results can also be compared fairly as the same measurement performance is expected. This for sure shall be considered as intra-frequency measurement.

[image: ]
Figure 1. same centre frequency for the CSI-RSs in serving and neighbour cells

Observation #1: For Cell1, the UE is required to measure the CSI-RS resource of neighbour cell if it is configured with the same bandwidth as the CSI-RS resource in serving cell. 
· For neighbour cell2, the CSI-RS bandwidth e.g.96PRB fully includes the CSI-RS resource in serving cell. The UE is supposed to measure the CSI-RS resources with different bandwidths. The longer the measurement bandwidth is, a better accuracy performance is expected and a higher RSRP can be achieved due to improved interference mitigation. However, some UE may have some problems to measure different bandwidths, thus it expects to compare the CSI-RS based measurement results over the same bandwidths for fair mobility decision. Taking into these account, the UE does not need to measure the whole CSI-RS resource within 96PRB, instead, it is required to measure at least the CSI-RS with the same bandwidth as the CSI-RS resource in serving cell.
Observation#2: For Cell2, some UEs may expect to compare the CSI-RS based measurement results over the same bandwidths for fair mobility decision, if the CSI-RS resource in neighbour cell has a different bandwidth from the CSI-RS resource in serving cell.  
Observation#3: For intra-frequency measurement, the UE is required to measure at least the CSI-RS over the same bandwidth as the CSI-RS resource in serving cell, if the CSI-RS resource in neighbour cell fully includes the CSI-RS resource in serving cell.
· For neighbour cell3, the CSI-RS bandwidth is 24PRB and is completely within the CSI-RS resource in serving cell. To make fair comparison between the two cells, the UE could measure the narrower bandwidth between the serving and the neighbour cell, i.e. to measure the CSI-RS of 24PRB in the serving cell to achieve same bandwidth with the CSI-RS resource in neighbour cell in this example. 
Observation#4: For intra-frequency measurement, the UE is required to measure the CSI-RS in serving cell over the same bandwidth as the CSI-RS resource in neighbour cell, if the CSI-RS resource in neighbour cell is completely within the CSI-RS resource in serving cell. 
From the discussion above, the network may configure different measurement bandwidths for the CSI-RS resources per neighbour cell, as the CSI-RS signals are transmitted from each neighbour cell independently. But the UE can determine the measured bandwidths to be the same between serving and neighbour cells for fair comparison regardless of the CSI-RS measurement configuration. Optimally, the measured bandwidth is the minimum of the configured bandwidths of serving and neighbour cells. Therefore, it is unnecessary to restrict all CSI-RS resources in the same MO have the same bandwidth.
Proposal1: For intra-frequency measurement, the UE is required to measure the CSI-RSs at least over the same measured bandwidths in serving and neighbour cells. Optimally, the measured bandwidth can be the minimum of the configured bandwidths between serving and neighbour cells.  
Proposal2: It is unnecessary to restrict all CSI-RS resources in the same MO have the same bandwidth. 
Figure 2 shows the case where the centre frequency of the CSI-RS in neighbour cell is different from the centre frequency of the CSI-RS in serving cell.
· For neighbour cell1, the CSI-RS resource is configured with the same measurement bandwidth i.e. 48PRB but with different centre frequency. We understood the UE is capable of measuring the CSI-RS resource as long as it is within the active BWP. If the UE measurement behaviour makes no difference regardless of the centre frequency, centre frequency is not necessary to be taken as the reference to determine the intra-frequency measurement. 
· For neighbour cell2, the CSI-RS resource is configured with a wider bandwidth i.e. 96PRB and with a different centre frequency. Due to the reasoning above, the UE is required to measure only 48PRB within the active BWP for fair comparison. Where the 48PRB is located within the configured CSI-RS measurement bandwidth can be left for UE implementation. 
Observation#5: The UE measurement behaviour could be the same even if the centre frequency of the CSI-RS resources in serving and neighbour cells are different. 
Proposal3: If the UE measurement behaviour makes no difference regardless of the centre frequency, centre frequency is not necessary to be taken as the reference to determine the intra-frequency measurement.
Proposal4: For intra-frequency measurement, the UE is required to measure at least the CSI-RSs with the same measured bandwidth in serving and neighbour cells, regardless the centre frequency is the same or not. 


Figure 2. different centre frequency for the CSI-RSs in serving and neighbour cells
In above examples, it is assumed the CSI-RS resources are with the same density e.g. density = 3. So, the same accuracy performance is expected if the measured bandwidths are the same. However, the CSI-RS resource may be configured with different density e.g. density =1. Figure 3 presents the case where the CSI-RS resource in neighbour cell has a lower density than the CSI-RS resource in serving cell. In this example, measuring the CSI-RS with the same bandwidth as the CSI-RS resource in serving cell achieves a poor accuracy as less number of REs are averaged in the neighbour cells. In order to make fair comparison, the UE need measure a wider bandwidth to compensate the performance degradation due to lower density. How to determine the measured bandwidth can be further discussed dependent on the measurement requirements. 
Observation#6: If a lower density is configured in neighbour cell, measuring the CSI-RS with the same bandwidth as the CSI-RS resource in serving cell achieves a poor accuracy performance as a smaller number of CSI-RS are averaged.
Proposal5: The UE is required to measure a wider bandwidth for the CSI-RS with a lower density in order to make fair comparison. How to determine the measured bandwidth can be further discussed dependent on the measurement requirements.  
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Figure 3. different densities for the CSI-RSs in serving and neighbour cells
Taking all above into account, there is no strong reason to define the CSI-RS based intra-frequency measurement referring to either the center frequency or the same bandwidth. Network can configure the CSI-RS measurement bandwidth flexibly without inter-gNB coordination. But for intra-frequency measurements, the UE is required to determine the measured bandwidth in order to make fair comparison. Therefore, the CSI-RS based intra-frequency measurement shall be defined based on active BWP, on the condition the UE measurement behavior is specified for intra-frequency measurement. 
Proposal6: The CSI-RS based intra-frequency measurement shall be defined based on active BWP, on the condition the UE measurement behavior is specified for intra-frequency measurement.
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.
Proposal7: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
Conclusion
This contribution illustrates the examples which shall be considered as the CSI-RS based intra-frequency measurements and further discusses the principle for the definition. The observations and proposals are summarized as below: 
Observation #1: For Cell1, the UE is required to measure the CSI-RS resource of neighbour cell if it is configured with the same bandwidth as the CSI-RS resource in serving cell. 
Observation#2: For Cell2, some UEs may expect to compare the CSI-RS based measurement results over the same bandwidths for fair mobility decision, if the CSI-RS resource in neighbour cell has a different bandwidth from the CSI-RS resource in serving cell.  
Observation#3: For intra-frequency measurement, the UE is required to measure at least the CSI-RS over the same bandwidth as the CSI-RS resource in serving cell, if the CSI-RS resource in neighbour cell fully includes the CSI-RS resource in serving cell.
Observation#4: For intra-frequency measurement, the UE is required to measure the CSI-RS in serving cell over the same bandwidth as the CSI-RS resource in neighbour cell, if the CSI-RS resource in neighbour cell is completely within the CSI-RS resource in serving cell. 
Proposal1: For intra-frequency measurement, the UE is required to measure the CSI-RSs at least over the same measured bandwidths in serving and neighbour cells. Optimally, the measured bandwidth can be the minimum of the configured bandwidths between serving and neighbour cells.  
Proposal2: It is unnecessary to restrict all CSI-RS resources in the same MO have the same bandwidth. 
Observation#5: The UE measurement behaviour could be the same even if the centre frequency of the CSI-RS resources in serving and neighbour cells are different. 
Proposal3: If the UE measurement behaviour makes no difference regardless of the centre frequency, centre frequency is not necessary to be taken as the reference to determine the intra-frequency measurement.
Proposal4: For intra-frequency measurement, the UE is required to measure at least the CSI-RSs with the same measured bandwidth in serving and neighbour cells, regardless the centre frequency is the same or not. 
Observation#6: If a lower density is configured in neighbour cell, measuring the CSI-RS with the same bandwidth as the CSI-RS resource in serving cell achieves a poor accuracy performance as a smaller number of CSI-RS are averaged.
Proposal5: The UE is required to measure a wider bandwidth for the CSI-RS with a lower density in order to make fair comparison. How to determine the measured bandwidth can be further discussed dependent on the measurement requirements.  
[bookmark: _GoBack]Proposal6: The CSI-RS based intra-frequency measurement shall be defined based on active BWP, on the condition the UE measurement behavior is specified for intra-frequency measurement.
Proposal7: It is proposed to first work on the CSI-RS based intra-frequency measurement requirements in RAN4.
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