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Introduction
In the last RAN4 meeting, regarding CSI-RS based intra-frequency and inter-frequency measurement definition, the following agreements are achieved. [1]: 
· MO configuration
· Case 1: all CSI-RS resources in the same MO have the same center frequency, BW, SCS, CP type configured.
· Case 2: all CSI-RS resources in the same MO have the same center frequency, SCS, CP type configured. BW can be different.
· FFS whether to define RRM requirements for Case 2 in RAN4#94bis.
· 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.

This contribution provides our views on these issues.
Discussion
On scenarios of CSI-RS based RRM and possible prioritization
The definition of CSI-RS based intra-frequency measurement has been discussed for several meetings. To move forward, generally, we see two principles can be considered:
· Discuss on the scenarios of CSI-RS based RRM, and prioritize the most urgent scenarios in R16. For other scenarios, enhancements can be done in a later release.
· To simplify spec structure and avoid tremendous discussion, the structure of SSB based RRM should be reused as much as possible.
As justified in the WID, compared to SSB based RRM measurement, CSI-RS based measurement is more refined and flexible in terms of resource usage, mobility enhancement, and handover reliability. For example, the BW of CSI-RS can cover the whole system BW, while in most cases SSB cannot. To summarize, we list the possible use cases in Table 1.
Table 1  Use cases of CSI-RS based RRM
	
	Both serving cell and neighbour cell need to be measured
	Only serving cell needs to be measured

	Case I
1) The only SpCell, i.e. without CA or other NR SCG
2) The PCell in the NR MCG;
3) The PSCell in the ‘first’ NR SCG in case of EN-DC;
	SSB is always available.
CSI-RS can be used to measure the initial BWP or the ‘potential’ UE-specific BWP of the serving/ neighbour cell before RRC-based BWP switch or handover.
	N.A.

	Case II
4) Synchronized PSCells or SCells deployed by network
	SSB can be omitted.
CSI-RS can be used to measure the initial BWP or the ‘potential’ UE-specific BWP of the CA/DC cell before SCell or PSCell Addition.
CSI-RS can also be used to measure the initial BWP or the ‘potential’ UE-specific BWP of the serving cell before RRC-based BWP switch.
	SSB can be omitted.
CSI-RS can be used to measure the initial BWP or the ‘potential’ UE-specific BWP of the serving cell before RRC-based BWP switch.

	Case III
5) Asynchronous PSCells or SCells deployed by network
	SSB should be available.
CSI-RS can be used to measure the initial BWP or the ‘potential’ UE-specific BWP of the CA/DC cell before SCell or PSCell Addition.
CSI-RS can also be used to measure the initial BWP or the ‘potential’ UE-specific BWP of the serving cell before RRC-based BWP switch.
	SSB should be available.
CSI-RS can be used to measure the initial BWP or the ‘potential’ UE-specific BWP of the serving cell before RRC-based BWP switch.



As in Table 1, CSI-RS can be used in a variety of scenarios, some even without available SSB. Since the indication of servingcellMO is per serving cell, and for each MO the centre frequency of CSI-RSs needs to be same, it is now impossible to configure all the serving cells in one MO. Therefore, the only possible scenario for supporting multiple BWs of CSI-RS is adapting to the BW flexibility of serving cell and/or neighbour cell(including CA/DC cell) especially if BWP related mechanism is used. We further illustrate one possible deployment scenario in the following figure.


Figure 1 Illustration of UE mobility in intra-frequency deployment with different cell BWs
As in the figure, UE_1 may have good data experience in cell A using large BWP. However in cell B, the intra-frequency interference of large BWP grows due to the increase of active UEs. When UE_1 moves from cell A to cell B, since the interference of large BWP increases, the data experience may deteriorate. Consequently, network may better choose a smaller BWP for UE_1 in the handover command. In this case, it seems necessary for UE to measure at least more than one BWs for each centre frequency of serving cell and/or neighbour cell.
Then comes the question “How many BWs are needed for each centre frequency?” In our view, for eMBB and URLLC UEs, based on supported use cases so far in R16, two BWs are of the first priority for mobility measurements. One is the BW of initial BWP which may be used by UEs that has less traffic or during initial access before dedicated BWP is configured. The other is the BW of the system to meet high throughput and latency requirement of NR. Since for initial BWP, SSB can be used, the most important scenario for CSI-RS is UE measuring RSRP/RSRQ/SINR on the system BW of an NR cell. Therefore, to reduce workload and ensure convergence in the discussion, it is suggested to prioritize the scenario of CSI-RS with the same bandwidth as the system bandwidth in CSI-RS based RRM.
Observation 1: For CSI-RS based RRM, the scenario of CSI-RS with the same bandwidth as the system bandwidth can be prioritized. 

On MO configuration
Based on observation 1 in section 2.1, our preference is not to define requirement for case 2 in Rel. 16. In our view, some concerns on supporting case 2 are listed below:
· On the use of measurement gap: If multiple BW of CSI-RSs in one MO is supported, it is possible to see in the same MO, some CSI-RSs may need to be measured within gap, but some may not need to. This will complex the CSSF calculation at UE side. Some simplification as defining CSSF by considering the max CSI-RS BW in the MO might be raised. However, since the CSI-RSs with different BWs are generally different CSI-RSs with different periodicity and time offset, hence they may not be located in the same gap, and it is still difficult for UE to schedule the gaps for different CSI-RSs in the same MO.
· On the measurement reporting: If multiple BW of CSI-RS in one MO is supported, then it would be unclear for UE which CSI-RS has triggered the MR in event-triggered reporting. For example, in A3 event, if 2 CSI-RSs are configured for serving cell, UE may be in the situation that based on one CSI-RS, MR should be triggered but based on the other it should not. Note that there is ‘rs-type’ indication in the report config but no indication like ‘rs-index’ or ‘bandwidth-index’ is defined.
· On measurement accuracy: If multiple BW of CSI-RS in one MO is supported, then the accuracy of this MO would diverse due to the different BW. This is not good for further reporting or event-triggering.
Based on the above analysis, we have the following proposal:
Proposal 1: RAN4 do not define requirements in R16 for case 2, i.e. CSI-RS with different BWs in the same MO.

On definition of intra-frequency in CSI-RS based RRM
In the last meeting, 3 options were provided on this topic. In our view, the definition of intra-frequency should consider the following aspects:
I. Considering SSB-based requirements as a reference, ‘intra-frequency’ measurement means UE need not to retune due to the switch of centre frequency nor to change the measurement behavior due to the switch of the RS bandwidth. Note that although RS bandwidth was not mentioned in SSB-based requirement, it can be automatically fulfilled if SCS is fixed. In these cases UE does not need to adjust AGC and can perform neighbour cell measurement with the same behaviour of the serving cell, hence it can provide reliable judgment to the network.
II. The definition of ‘intra/inter-frequency’ can be decoupled with ‘with/without gap’. This is already done for the SSB-based requirements. Reusing this principle may reduce spec workload for CSI-RS based requirements. 
III. Although in RAN1 LS[2], the term ‘frequency layer for CSI-RS mobility resources is measurement object (MO)’ was used, what RAN1 mean by ‘frequency layer’ in the LS was purely an unsuitable term in previous early RAN1 spec and need to be replaced. In RAN1/RAN2 specs, the case that 2 MOs have the same centre frequency is not precluded. Also, the case that servingcellMO is configured with a CSI-RS outside the active BWP, is not precluded.
IV. The definition of intra-frequency would impact the UE capability of the max number of monitored frequency layers. Therefore, whether a certain MO is intra-frequency or not should not be ‘dynamic’ in any situation.
Hence, although RAN1/RAN2 recommendation for definition of intra-frequency CSI-RS based RRM was to restrict to the case with the same centre frequency and within active BWP, based on the above consideration, from RAN4 perspective, a more clear definition can be made to better clarify the nature of intra-frequency measurement.
Regarding the 3 options provided, as analyzed above, in our view, option 2 is not preferred. For UEs supporting DCI-based and timer-based BWP switch, the active BWP will be changed without RRC reconfiguration, hence some MO may be treated as intra-frequency or inter-frequency ‘dynamically’. In our view, this should be prevented. Restricting to active BWP can only ensure that measurements can be done without gap.
Regarding option 1 and option 3, we believe both of them are necessary. Moreover, based on the analysis in 2.1, we do not see a strong motivation to define different BWs of CSI-RSs in the same centre frequency for differentiating measurements of serving cell and some neighbour cells.
Based on the above analysis, we have the following proposal:
Proposal 2: For case 1, the definition of CSI-RS based intra-frequency measurement, adopt option 1 and option 3, i.e.
· 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 target 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 of CSI-RS on the serving cell and target cell is the same
· the bandwidth of CSI-RS on the target cell is the same as bandwidth of CSI-RS resources on the serving cell

For the issue that whether to define requirement for case 2, i.e. when serving cell CSI-RS is not available, in our understanding, this is mostly for A4 event or ANR/MDT. Therefore, although serving cell CSI-RS is missing, UE may still perform inter-frequency measurement. Note that in this case, the target cell may not even have any SSB transmitted.
Proposal 3: For case 2, when CSI-RS resource of serving cell is not available, the CSI-RS based MO can be treated as inter-frequency MO.

Conclusion
In this paper, we provide our views on the remaining issues in NR HST. We provide the following proposals and observations:
Observation 1: For CSI-RS based RRM, the scenario of CSI-RS with the same bandwidth as the system bandwidth can be prioritized. 
Proposal 1: RAN4 do not define requirements in R16 for case 2, i.e. CSI-RS with different BWs in the same MO.
Proposal 2: For case 1, the definition of CSI-RS based intra-frequency measurement, adopt option 1 and option 3, i.e.
· 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 target 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 of CSI-RS on the serving cell and target cell is the same
· the bandwidth of CSI-RS on the target cell is the same as bandwidth of CSI-RS resources on the serving cell
Proposal 3: For case 2, when CSI-RS resource of serving cell is not available, the CSI-RS based MO can be treated as inter-frequency MO.
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