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Introduction
In RAN4#94-e meeting, a WF [1] was agreed capturing the agreements of RAN4#93 and remaining open issues. We provide our views on the definition of Intra and Inter-frequency CSI-RS based L3 measurements. 
Discussion
[image: ]In RAN4#94-e, WF was agreed on CSI-RS L3 RRM requirements. Which is captured as figure 1 for reference.Figure 1: WF on CSI-RS based intra-frequency and inter-frequency measurement definition



From previous meeting discussions primarily two methods are being proposed by companies for definition of intra-frequency CSI-RS L3 measurement. That is:
1. Option 1: Using centre frequency of serving cell CSI-RS resource as reference 
2. Option 2: Active BWP as reference 
From the WF of last meeting, three parameters are considered for CSI-RS intra or inter-frequency measurement definition. The parameters considered for definition are centre frequency, Active BWP, and Bandwidth of CSI-RS. We analyse each parameter to propose definition of CSI-RS intra-frequency measurements.
  Case 1: CSI-RS of serving cell is available
RAN1 agreement on centre Frequency:
In last few meetings many companies pointed out the restriction agreed in RAN1 on CSI-RS resource configuration. Which is captured below. 
RAN1 restriction on CSI-RS resource configuration
As per RAN1 agreement and reply LS [3] to RAN2, 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.
From the LS, following observation can be made.
Observation 1: Since from RAN2 point of view a frequency layer is an MO, an MO can be used for configuration of intra-frequency or inter-frequency measurements only but not both.
Observation 2: CSI-RS resources in the MO shall have same centre frequency and SCS
Figure 2: Example CSI-RS resource allocation in a cell

CSI-RS based L3 measurements are cell level measurements to find a suitable cell for handover to neighbour cell. gNB may configure multiple CSI-RS resources to span the entire BW of the cell or it can configure few CSI-RS resource which have high BW to cover the cell BW. A simple example is shown in figure. 2. In this example in Figure 2, gNB configure CSI-RS 1 to 4 of smaller BW, CSI-RS 5, 6 of medium BW and CSI-RS 7 of high BW. 
One basic principle RAN4 should follow while defining measurement definition is, UE at least should be able to perform serving cell measurements as intra-frequency without gap. Centre-frequency or active BWP based definition for example shown in figure 2 will work equally well for serving cell measurements. 
Another common principle everyone can agree is UE can perform measurements without gap only when it is in active BWP. Otherwise it may need gap to perform both intra and inter-frequency measurements. In that aspect both centre-frequency based and active BWP based method require gaps for doing measurements. Based on how we define, both measurements can be categorised into following categories.  
· Intra-frequency measurements without gap
· Intra-frequency measurement with gap
· Inter-frequency measurement without gap
· Intra-frequency measurement with gap
We compare following scenario for both the methods to draw advantages of each methods.
Scenario: When CSI-RS of serving and neighbour are with in active BWP and their centre-frequency are not same.
Centre-frequency of serving cell CSI-RS as reference: 
When UE uses centre-frequency as reference, in this scenario, though they are in active BWP, since centre frequency is not same they have to be performed as inter-frequency measurements. Due to this accuracy of measurements may be little bad compared to intra-frequency measurement and it requires more samples to average. 
Active BWP as reference:
When UE uses active BWP as reference, this scenario can be performed as intra-frequency measurements, which have better accuracy and require less number of samples. From network perspective this is much desirable definition framework. Given the flexibility of configuration in CSI-RS resources, we feel this scenario can occur quite frequently and using active BWP as reference can be helpful to measure neighbouring cell measurements as intra-frequency measurements when they are in active BWP.
The drawback of this method comes from the fact that active BWP changes. In this case the measurements which are intra-frequency before BWP switch can now become inter-frequency measurements after BWP switch. However if we use centre-frequency based method these measurements were always inter-frequency measurements. When using Active BWP based method these measurements can be performed as intra-frequency measurements at least for certain duration. Based on how we look, this can be advantage or disadvantage. Obviously advantage of this method is better accuracy and less number of samples. Disadvantage is new requirements to be defined for this case.
Bandwidth of CSI-RS:
Since UE need not receive data outside of the active BWP, if UE has to detect and measure the CSI-RS of the neighbouring cell along with serving cell CSI-RS, it has to be in the active BWP of the serving cell.  That means to call a CSI-RS as an intra-frequency Bandwidth of the CSI-RS should be within the active BWP of the serving cell. 
Based on the above analysis, we make the following proposals.
Proposal 1: When CSI-RS of source cell is available, a measurement object is defined as a CSI-RS based intra-frequency measurement object provided:
· SCS of CSI-RS on the serving cell and neighbour cell is the same
· CP type of CSI-RS on serving cell and target cell is the same  (It is applied for SCS = 60KHz)
· Bandwidth of the CSI-RS on the neighbour cell is within the active BWP of the UE

  Case 2: CSI-RS of serving cell is not available
In the WF, when there is no serving cell CSI-RS is available, only two options considered, which are:
· All the measurements are inter-frequency measurements; or
· No requirements apply 
However, if active BWP based definition is agreed, even though there is no serving cell CSI-RS, if neighbour cell CSI-RS resource is in active BWP of the UE and have same SCS as data channel of UE (that means it can receive data and CSI-RS simultaneously), it can perform CSI measurements as intra-frequency measurements. In all other cases measurements can be considered as inter-frequency measurements. 
Based on the above analysis we make following proposal.
Proposal 2: When CSI-RS of source cell is not available, a measurement object is defined as a CSI-RS based intra-frequency measurement object provided
· CSI-RS can be received by UE along with data (same SCS and CP)
· Bandwidth of the CSI-RS on the neighbour cell is within the active BWP of the UE

Proposal 3: A measurement object is defined as a CSI-RS based inter-frequency measurement object if it is not intra-frequency measurement object for case 1 and 2.

1. Conclusion
In this contribution we have discussed the CSI-RS based intra-frequency and inter-frequency measurement definition and we make the following proposals.
Proposal 1: When CSI-RS of source cell is available, a measurement object is defined as a CSI-RS based intra-frequency measurement object provided:
· SCS of CSI-RS on the serving cell and neighbour cell is the same
· CP type of CSI-RS on serving cell and target cell is the same  (It is applied for SCS = 60KHz)
· Bandwidth of the CSI-RS on the neighbour cell is within the active BWP of the UE
Proposal 2: When CSI-RS of source cell is not available, a measurement object is defined as a CSI-RS based intra-frequency measurement object provided
· CSI-RS can be received by UE along with data (same SCS and CP)
· Bandwidth of the CSI-RS on the neighbour cell is within the active BWP of the UE
Proposal 3: A measurement object is defined as a CSI-RS based inter-frequency measurement object if it is not intra-frequency measurement object for case 1 and 2.
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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
— Itis 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 signaling

— 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
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