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1. Introduction

The RRM impacts due to PRS measurement are discussed in RAN4#94-e-bis, and the outcomes are captured in the WF [1]. The remaining open issues are 
· New MG pattern for PRS measurement
· Gap sharing between RRM and PRS measurement

· BWP switching collision with PRS measurement

· Concurrent PRS and RRM measurement
In this paper we will provide our views on the remaining issues on the RRM impacts due to PRS measurement.
2. Discussion
2.1. New MG pattern 

	· FFS: Introduction of new measurement gap pattern with MGL > 6 ms.
· Candidate MGL and MGRP if new MG patterns are specified:
· MGL = {10, 20, 40 and 50} ms
· MGRP = {80, 160, 320 and 640} ms
· Combination of MGL and MGRP is FFS
· Independent MG patterns for positioning and RRM measurements is deferred to future release.


In NR the length of a PRS occasion is mainly determined by a number of PRS parameters such as SCS, number of symbols, number of repetition and number of PRS resources per resource set. Each of these parameters can be flexibly configured by the network, and many combinations can lead to PRS occasion length being larger than 5ms, which is the largest effective measurement time for current MG patterns. Therefore, we think new MG patterns with larger MGL should be introduced, as otherwise many PRS configurations cannot be effectively used and the corresponding use case will not be supported. 
For the exact new MG patterns, we think those MGL and MGRP candidates listed in [1] are reasonable, and as to the combinations we suggest 

· 10ms MGL with {80, 160, 320 and 640}ms MGRP

· 20ms MGL with {80, 160, 320 and 640}ms MGRP

· 40ms MGL with {320 and 640}ms MGRP

· 50ms MGL with {320 and 640}ms MGRP

Same as MG pattern for RRM measurement, it should be optional for UE to support any of the new MG patterns for PRS measurement. 

Proposal 1: Introduce following new MG patterns which can be optimally supported by UE for PRS measurement.
· 10ms MGL with {80, 160, 320 and 640}ms MGRP

· 20ms MGL with {80, 160, 320 and 640}ms MGRP

· 40ms MGL with {320 and 640}ms MGRP

· 50ms MGL with {320 and 640}ms MGRP
2.2. Gap sharing 

	· Gap sharing between RRM and positioning measurements is based on CSSF defined in Rel-15 of TS 38.133. 
· Details of CSSF for gap sharing between RRM and positioning measurements are FFS.

· Details on extending measurement periods of RRM and positioning measurements due to gap sharing are FFS.


In Rel-15 LTE PRS measurement has been considered in CSSF within gap calculation, 

· If LTE PRS period >160ms, PRS will be always measured in each gap occasion where it is available, and correspondingly, the RRM measurement is extended by considering the punctured gap occasions
· If LTE PRS period =160ms, PRS will be considered as another frequency layer for RRM measurement in CCSF calculation, and correspondingly both RRM and PRS measurement period are extended by considering the gap sharing.
In our view, it is reasonable to re-use the same principles for NR PRS, when NR PRS and SMTC can be covered by the same gap occasion.

Proposal 2: Re-use the handling of LTE PRS in Rel-15 CSSF for gap sharing between NR PRS and RRM.
2.3. BWP switching 

	· FFS: Impact on positioning measurement being performed within the active BWP if the active BWP switching interrupts any PRS and/or SRS configured for that positioning measurement.

· Candidate options:

· Option 1: Even if active BWP switching interrupts any PRS/SRS, the UE continues performing positioning measurement over an extended measurement period; details of extension are FFS.

· Option 2: If active BWP switching interrupts any PRS/SRS then the UE is not required to meet positioning measurement requirements. 

· Other options are not precluded.

· FFS: priority between active BWP switching in gap and PRS measurement in gap

· Candidate options:

· Option 1: 

· Active BWP switching is prioritized over PRS measurement in a gap where active BWP switching is triggered.

· Option 2: 

· PRS measurement is performed in a gap even if active BWP switching is triggered in that gap.

· Option 3: 

· Triggering of active BWP switching in gap can always be avoided by gNB.


2.3.1. PRS measurement without MG
For PRS measurement without MG, we understand it may be difficult for serving cell to avoid scheduling BWP switch colliding with PRS occasion. 
· If serving cell is transmitting PRS, it may assume neighbour cell PRS is roughly aligned with its own PRS occasion. However, this is only an assumption, and in signalling for assistance data, the time offset for each PRS resource can be configured independently with respect to reference cell timing, which means neighbour cell PRS is not necessarily aligned with serving cell PRS.

· If serving cell is not transmitting PRS, it is hard for serving cell to assume the PRS occasion from any cell. In last meeting, some companies commented that in this case the side condition will anyway be violated due to strong interference from serving cell. Again, we do not think it is always the case because it depends on the UE distance to the serving cell and neighbour cell, it is also noted that the side condition for PRS is down to -13dB.
· Another consideration factor is that even serving cell is aware of the time location of PRS occasions, serving cell does not know which UE is doing PRS measurement, so it has to avoid BWP switch colliding with PRS occasion for all UEs, which is a bit restrictive for network. 

On the other hand, from UE measurement perspective, we do not see the interruption caused by BWP switch is much different from the interruption caused by HO, for which case UE can continue the PRS measurement with extended measurement period. 
Proposal 3: For PRS measurement without MG, if active BWP switching interrupts any PRS/SRS, the UE continues performing positioning measurement over an extended measurement period.
2.3.2. PRS measurement with MG
For PRS measurement with MG, serving cell is aware of which UEs are performing PRS measurement, as well as the location of PRS occasions, so it should be feasible for the serving cell to schedule BWP switch without colliding with MG, except for timer based switch.
In last meeting, some companies commented that the issue with timer-based BWP switch collision with gap can also happen in Rel-15 and not a specific issue for PRS. We think the comments make sense, and it should be a rare case, so we can leave no UE requirement for this case.
Proposal 4: For PRS measurement with MG, the measurement requirements do not apply if active BWP switching collides with MG.
2.4. Concurrent PRS and RRM measurement
	· FFS: whether concurrent RRM/PRS processing/measurement impacts RRM and/or PRS measurements i.e.

· Whether concurrent RRM processing and PRS measurement, impacts RRM and/or PRS measurements.

· Whether concurrent PRS processing and RRM measurement, impacts RRM and/or PRS measurements.

· Candidate options:

· Option 1: No impact on both intra- and inter-frequency measurements.

· Option 2: No impact on intra-frequency but impact on inter-frequency measurements.

· Option 3: impact on intra-frequency and inter-frequency measurements RRM and/or PRS measurement requirements need to be relaxed for both intra- and inter-frequency measurements. 

· Other options are not precluded.

· Candidate solutions if it is identified that the concurrent RRM/PRS processing/measurement impacts RRM and/or PRS measurements are FFS


RRM and PRS measurements are both measurement tasks and they may share or partially share the same buffering and processing resources within the UE, so it is not possible for UE to do concurrent RRM and PRS measurements. 
In our view, there are two options to address this restriction:

· Option 1: Extend the current RRM requirements. In last meeting, we proposed that all RRM resources [X]ms after the PRS occasion are considered to be punctured for defining the RRM requirements. This is the cleanest solution and will not impose any restriction to the network configuration.

· Option 2: The current RRM requirements can apply, provided that the all RRM resources are at least [Y]ms separated from the PRS occasion. UE at least needs time to re-tune the RF and adjust baseband in-between RRM measurement and PRS measurement.
Proposal 5: RAN4 to address the restriction of concurrent PRS/RRM measurement by
· Option 1: Extend the current RRM requirements.

· Option 2: Define conditions under which the current RRM requirements apply. 
3. Conclusions

In this paper we provided our views on the remaining issues on the RRM impacts due to PRS measurement.
Proposal 1: Introduce following new MG patterns which can be optimally supported by UE for PRS measurement.

· 10ms MGL with {80, 160, 320 and 640}ms MGRP

· 20ms MGL with {80, 160, 320 and 640}ms MGRP

· 40ms MGL with {320 and 640}ms MGRP

· 50ms MGL with {320 and 640}ms MGRP
Proposal 2: Re-use the handling of LTE PRS in Rel-15 CSSF for gap sharing between NR PRS and RRM.
Proposal 3: For PRS measurement without MG, if active BWP switching interrupts any PRS/SRS, the UE continues performing positioning measurement over an extended measurement period.
Proposal 4: For PRS measurement with MG, the measurement requirements do not apply if active BWP switching collides with MG.
Proposal 5: RAN4 to address the restriction of concurrent PRS/RRM measurement by

· Option 1: Extend the current RRM requirements.

· Option 2: Define conditions under which the current RRM requirements apply. 
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