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Introduction
RRM requirements for PRS measurement outside MG are discussed in RAN4#103-e, and the outcomes are captured in WF [1]. Based on [1] the following issues are to be further discussed:
· PRS measurements within PPW with capability 1A and/or 1B
· Requirements for multiple PFLs
· Scheduling restriction
Besides above, another issue RAN4 has not discussed is
· Overlap between PPW and MG
In this paper we will provide our views on above open issues for PRS measurement outside MG.
 Discussion
PRS measurements within PPW with capability 1A and/or 1B
	Issue 1-2-1D: PRS measurements within PPW with capability 1A and/or 1B
Agreements:
· Discussion on hold until RAN1 discussion is concluded. 


In RAN1#109-e, the following agreements are reached regarding PRS measurement outside MG with processing type 1A and 1B. As highlighted, UE may report (in per-band manner) the buffering and processing capability as {N2,T2}, and in this case the whole processing time T2 is covered by the PPW.
	Agreement
· For UE supporting Type-1A or Type-1B PRS processing window, UE may report (N, T) and (N2, N2) in the capability signalling
· The reported (N, T) in the capability signalling is similar to the legacy (N, T) in FG 13-1, which assumes to measure the N ms of PRS within a PPW but the processing of the measured PRS may be outside the PRS processing window.
· The reported (N2, T2) in the capability signalling assumes to measure and process the N2 ms of PRS only within the PRS processing window length (which covers the T2).
· Add the following Note to the corresponding FG in the UE feature spreadsheet
· Note: The (N2, T2) UE capabilities is interpreted such that the UE is capable of measuring up to N2 ms PRS within a PPW and is capable of completing the PRS processing within the PPW, e.g., if the time duration from the last symbol of the measured PRS resource(s) inside the PPW, to the end of PPW is not smaller than T2 ms
· For UE supporting Type-2 PRS processing window, UE may report (N, T) in the capability signalling similar to the legacy (N, T) in FG 13-1
· Assuming the UE to measure the PRS within the PRS processing window and but the processing of the measured PRS may be outside a PRS processing window.
· Note: when the processing time T exceeds the PPW length, other DL data channels/signals that are outside of the PPW but within the periodic T can be received by the UE.
· Discuss in the UE feature session the values {N, T} for all types.


Figure 1 shows our understanding about how UE performs buffering and processing in case where UE reports {N2,T2} for a PFL (denoted as Case 2). Basically, the PPW will be divided into 2 parts, the first part of (PPWL-T2) ms where UE buffers PRS samples, and the second part of T2 ms where UE processes the buffered samples.
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Figure 1: Buffering and processing in Case 2
Compared to the existing case where UE reports {N,T} for a PFL (denoted as Case 1), the following updates need to be introduced to the requirements.
1) Clarify that {N,T} refers to the value of {N2,T2}
The value of {N2,T2} can be different from {N,T}, so it should be clarified in the spec that in Case 2 it is the value of {N2,T2} that applies for the requirements. Since T2 is smaller than PPWL which is further smaller than PPWRP, Teffect will be same as Tavailable. There is no need to update the definition of Teffect.
2) Clarify that Lavailable_PRS is the PRS duration in the first (PPWL-T2) ms of PPW
In Case 1 UE buffers PRS samples over the whole PPW, but in Case 2, since the last T2 ms of the PPW is reserved as processing time, UE should only buffer PRS samples in the first part of the PPW. It means even there is PRS samples in the second part of PPW, UE will not buffer it. This should be clarified in the definition of Lavailable_PRS.
3) Clarify that Tlast is PPWL when all of the PRS resources to be measured are available in the same PPW occasion during Tavailable
For measurement within MG, the following enhancement to Tlast is agreed in RAN4#102-e.
· Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.
For measurement outside MG Case 2, since processing time T2 is within PPWL, Tlast can be defined as PPWL when all of the PRS resources to be measured are available in the same PPW occasion during Tavailable.
4) Clarify that the requirements apply provided that PPWL is larger than T2 by X ms.
By the definition of Case 2, the requirements would apply only when PPWL is larger than T2 as otherwise there will be no buffering time which means no PRS resource can be measured. Of course, the buffering time should be meaningfully larger than zero, e.g. it should contain at least one complete PRS resource. We are open to discuss the value of X.
Proposal 1: For the case where UE reports {N2,T2} for a PFL (denoted as Case 2), introduce the following updates to the existing requirements.
· Clarify that {N,T} refers to the value of {N2,T2}
· Clarify that Lavailable_PRS is the PRS duration in the first (PPWL-T2) ms of PPW
· Clarify that Tlast is PPWL when all of the PRS resources to be measured are available in the same PPW occasion during Tavailable
· Clarify that the requirements apply provided that PPWL is larger than T2 by X ms.
Requirements for multiple PFLs
	Issue 1-2-1C: Applicable number of PFLs
· Discussion on hold until RAN4 receives response from RAN1 on the RAN4 sent LS to RAN1 in R4-2207098.


In [2] RAN1 provided the following feedback to RAN4 question.
	On the applicable number of PFLs for the gapless PRS measurement
· RAN1 already agreed in RAN1#108-e that inside each single instance of a PRS processing window, a single PFL can be measured. This is applicable to all Types of MG-less PRS processing.
· In addition, it is RAN1 understanding that the applicable number of positioning frequency layers for the gapless PRS measurement within a PRS processing window is one across all instances of the PRS processing window.


In our view, RAN1 reply means a PPW, including all its instances, is used for measurement of a single PFL. Since PPW is configured at per BWP per serving cell level, the only case where a PPW can be used to measure more than one PFL is when there are more than one PFLs within a BWP. Considering that this is not a typical case and given RAN1 feedback, we suggest that in this case it is up to UE implementation to choose one PFL to measure, and no measurement requirements would apply.
Proposal 2: If there are more than one PFLs within an active BWP, it is up to UE implementation to choose one PFL to measure, and no measurement requirements would apply.
On the other hand, in RAN1#108-e, the following agreement has been reached. As highlighted, up to 4 PPWs can be activated across all active BWPs, and when more than one PPW is activated, they will not overlap in time.
	Agreement
· The PRS processing window is configured per DL BWP.
· Processing type, to be selected from 1A, 1B and 2, will be provided associated with the PRS processing window if and only if multiple processing types per band in the UE capability signaling is supported.
· No need to provide band ID and CC ID associated with the PRS processing window.
· A single priority indicator is provided for a PRS processing window, which applies to all PRS within the PRS processing window for the corresponding DL BWP.
· The maximum number of activated PRS processing windows per DL BWP is 1.
· The maximum number of activated PRS processing windows across all active DL BWPs is 4.
· The maximum number of activated PRS processing windows overlapping in time across all active DL BWPs is 1


In our view, above RAN1 agreements mean multiple PFLs can be measured in multiple PPWs, so RAN4 should define requirements for multi-PFL case. 
For Case 1, although different PPWs do not overlap in time, the processing time T can be outside PPW, so the multi-PFL requirements should be defined with sum approach, same as existing Rel-16 requirements for measurement within MG.
For Case 2, since different PPWs do not overlap in time and the processing time T2 will be within PPW, multi-PFL requirements can be defined with max approach, i.e. the overall delay for multiple PFLs is same as the delay for the PFL with latest PPW. 
One additional issue for deriving the requirements for multiple PFLs is shown in Figure 1. 
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Figure 1: Example of multiple PPWs that do not overlap in time
Since all PPWs do not overlap in time, they will have different time offsets to the start point of measurement period. Assuming all 3 PFLs in Figure 1 have identical PRS configuration, the measurement period for all 3 PFLs is same (denoted as Tmeas), and the maximum among them is also Tmeas. However, UE needs to wait for Tuncertainty,3 before it can measure PFL#3 which can then be completed in Tmeas, and the overall measurement period for all 3 PFLs is Tuncertainty,3 + Tmeas. Therefore, the time offset of the first PPW occasion of PFL#i to the start of measurement period needs to be accounted in deriving the multi-PFL requirements. 
Proposal 3: Define requirements for multiple PFLs as 
· sum(Tmeas,i) + (L-1)*max(Teffect,i), if multiple PFLs are in Case 1 (same as measurement within MG)
· max(Tmeas,i + Tuncertainty,i), if multiple PFLs are in Case 2, where Tuncertainty,i is the time from the start of the first PPW occasion for PFL#i to the start of measurement period.
Scheduling restriction
	Issue 1-2-1F: Scheduling restriction
Agreements:
· Discussion on hold until RAN1 discussion is concluded. 


The remaining issue for scheduling restriction is for the case where PRS is of lower priority than other DL signals/channels. In RAN1#109-e, the following agreements are reached. As highlighted, when PRs is configured to be of lower priority but if the scheduling of other DL signals/channels of higher priority arrives too late, UE may consider PRS as higher priority and choose to receive PRS.
	Agreement
The PRS collision detection timeline for the case when PRS is lower priority than the DL signals/channels is define as following.
· For an activated type 1A and type 1B PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW no later than [N symbol/T ms] before the start of the PPW, UE expects to receive the DL signals/channels and drop the all DL PRS in the PPW.
· For an activated type 2 PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol no later than [N symbol/T ms] before the PRS symbol, UE expects to receive the DL signals/channels and drop the PRS symbol.
Agreement
The PRS collision detection timeline for the case when PRS is lower priority than the DL signals/channels is define as following.
· For a type 1A and type 1B PRS processing window
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS in the PPW later than [N symbol/T ms] before the start of the PPW, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the DL PRS in the PPW.
· For a type 2 PRS processing window considered active
· If UE determines the presence of other DL signals/channels except SSB of higher priority than PRS on a PRS symbol later than [N symbol/T ms] before the PRS symbol, UE is not required to receive the other DL signals/channels except SSB of higher priority and may receive the PRS symbol.
· Note 1: This implies that if the scheduling of other DL signals/channels of higher priority arrives too late, UE may consider the PRS as higher priority than the other DL signals/channels.
· Note 2: If the scheduling of other DL signals/channels of higher priority arrives too late, it is up to UE implementation whether to receive the other DL signals/channels.


We understand Note 1 is already captured in RAN1 spec. As such, there is no need for RAN4 to make update the existing scheduling restriction requirements, which are defined for the case where PRS is of higher priority than other DL signals/channels.
Proposal 4: RAN4 not to update existing scheduling restriction requirements for the case where scheduling of other DL signals/channels of higher priority arrives too late.
Overlap between PPW and MG
One issue that has not been discussed before for PRS measurement outside MG is the overlap between PPW and MG (the MG is configured for RRM and/or PRS measurement). In this case, we suggest to follow the same principle as for overlap between SMTC and MG, i.e. UE drops the PRS measurement in PPW but performs measurement in MG. A scaling factor is needed to account for the punctured PPW occasions in the measurement requirements.
[bookmark: _GoBack]Proposal 5: UE is not expected to measure PRS in PPW occasions overlapping with MGs. 
Conclusions
In this paper we provided our views on PRS measurement outside MG.
Proposal 1: For the case where UE reports {N2,T2} for a PFL (denoted as Case 2), introduce the following updates to the existing requirements.
· Clarify that {N,T} refers to the value of {N2,T2}
· Clarify that Lavailable_PRS is the PRS duration in the first (PPWL-T2) ms of PPW
· Clarify that Tlast is PPWL when all of the PRS resources to be measured are available in the same PPW occasion during Tavailable
· Clarify that the requirements apply provided that PPWL is larger than T2 by X ms.
Proposal 2: If there are more than one PFLs within an active BWP, it is up to UE implementation to choose one PFL to measure, and no measurement requirements would apply.
Proposal 3: Define requirements for multiple PFLs as 
· sum(Tmeas,i) + (L-1)*max(Teffect,i), if multiple PFLs are in Case 1 (same as measurement within MG)
· max(Tmeas,i + Tuncertainty,i), if multiple PFLs are in Case 2, where Tuncertainty,i is the time from the start of the first PPW occasion for PFL#i to the start of measurement period.
Proposal 4: RAN4 not to update existing scheduling restriction requirements for the case where scheduling of other DL signals/channels of higher priority arrives too late.
Proposal 5: UE is not expected to measure PRS in PPW occasions overlapping with MGs. 
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