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1 	Introduction
[bookmark: _Hlk39586706]In the last RAN4 meeting, some remaining issues of UE PRS RSTD core requirements were also summarized in [1]. In this contribution we will provide further considerations on open issues of the core requirements below. 
· Measurement period requirements
· Applicability conditions related to measurement capability 
2 Measurement Reporting Period
According to the previous RAN4’s discussion [1], the most controversial issues focus on the following factors composing the baseline formulation of PRS RSTD measurement requirement.
· PRS resource muting
There are several alternatives for this issue captured in WF [1].
	· FFS whether and how to account for muting in measurement period requirements
· Option 1a 
· If muting option 1 is applied, the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16
· Option 1b
· If muting option 1 is applied, the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the [maximum] number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16
· Option 2: 
· Muting is accounted with same approach as in LTE
· Option 3: 
· Do not define requirements for the case of PRS resource muting in Rel-16



Particularly, Option 1a/1b is most accurate requirement based on the worst cases even which is rarely happened. However, unfortunately both of them will introduce too long delay requirement which may not make the delay requirement useful to rule out the some potential unqualified UE implementations (e.g. the better UE detection performance in case of muting scenario). And on the other hand, in case PRS muting is applied, then typically the positioning performance will be much better because of the less interference. From the realistic deployment and testing perspective, the scaling factors in the existing requirements [2, TS38.133] can be enough to cover all potential delay extension. Thus, we prefer to use the current requirement [2, TS38.133] for non-muting pattern only. 
Proposal 1: Do not define requirements for the case of PRS resource muting in Rel-16.

· Different resource offsets in measurement period  
Several alternatives for this issue were captured in WF [1] also.
	· Option 1
· RSTD measurement period of a single PRS frequency layer is extended by T ms if different PRS resources on the PRS frequency layer have different offsets after muting.
· Option 2 
· redefine   as  =  +   (currently  =  + )
· Option 3
· No change is needed due to different offsets.
· Option 4
· Avoid PRS configuration with different resource offsets on the same PFL




In the last meeting, it was noted that the reasoning for such extension is to guarantee enough processing time for PRS resources. But since the more processing time means the more buffer processing time needed also. Thus, in our view, one more   is needed as explained in Option 2 above [1]. This is also aligned with our similar discussion in the previous meeting. 
Proposal 2: The measurement time for the last PRS sampling defined in RSTD measurement period requirements [2] can be  =  +  when considering the different PRS resource offset.
For the simplicity, we are also prefer Option 4 in WF[1].

· Measurement period when overlapping cases
Currently, the open issues for the measurement period when overlapping cases is: 
	· FFS Measurement period of multiple PLFs – non-overlapping case
· Option 1 
· Requirement of non-overlapping case should be the same as for overlapping case, i.e. sum approach
· Option 2
· Measurement period for the non-overlapping case shall be
                         TRSTD, Total = maxi (TRSTD,i), where
· the measurement period starts with the first MG and it is the same for all frequencies (agreement from RAN4#96-e). Hence, the time to the last sample across all frequencies will correctly determine TRSTD, Total, regardless of the order the frequencies are measured




Technically speaking, how to differentiate the non-overlapping and overlapping PRS measurement is quite challenging task because the PRS measurement depending on both NW configuration and UE processing capability itself. On the other hand, regarding to the timeline, the scenario specific requirements shall be avoided. Thus, we support Option 1 [1] by which the requirement can follow these of the worst case.

Proposal 3: Requirement of non-overlapping case should be the same as for overlapping case.

· Measurement period when configured with PRS-RSRP
	· Scenario #1: PRS-RSRP is configured for DL-TDOA but not other positioning methods
· Option 1 
· RSTD measurement period is not impacted by PRS-RSRP measurement.
· Option 2
· UE behavior when RSTD is configured together with PRS-RSRP and the required PRS-RSRP measurement period is longer than that for RSTD (configured without RSTD): the RSTD measurement continues over the entire PRS-RSRP measurement period
· Scenario #2: PRS-RSRP is configured for another positioning method but not for DL-TDOA
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning method
· Scenario #3: PRS-RSRP measurements are configured for another positioning method and for DL-TDOA (different PRS resources are used for DL-TDOA and the other method)
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning methods
· Scenario #4: PRS-RSRP measurements are configured for another positioning method and for DL-TDOA (identical PRS resources are used for DL-TDOA and the other method)
· Option 1 
· RSTD measurement period is not impacted by the PRS-RSRP measurement configured for the other positioning method
· Option 2 
· RSTD measurement period is impacted by the PRS-RSRP measurement configured for the other positioning methods
· FFS: need to also consider same or different frequency layers




For Scenario 1, one of most important arguments for Option 2 is the concurrent RSTD and PRS RSRP within a same positioning session will contribute equally to UE’s location estimation. However, in RAN1 and RAN2 [4] the mandatory measurement in OTDoA is RSTD while PRS-RSRP mainly serves as optional quality indicator. In other words, for DL TDoA positioning method, RSTD is more critical than PRS RSRP measurement. As a result, we can not restrict RSTD measurement with PRS RSRP.
For Scenario 2, in common understanding RSTD and PRS RSRP measurements will be used together with the other positioning method except DL-TDoA. That is RSTD measurement period are independent with RSRP also.
For Scenario 3, if the PRS resource used for RSTD and PRS RSRP are differentiated, the measurement process for them can be completely independent. The requirements for RSTD and PRS RSRP shall be decoupled also. But from the realistic PRS configuration, such scenario is infeasible because of the sharing of PRS resource will be used for the separated measurement which can improve the measurement performance significantly.
For Scenario 4, RSTD measurement shall be independent with PRS RSRP as in Scenario 1. 
Regarding to all scenarios identified in [1], we can conclude that: 
Proposal 4: RSTD measurement period shall not be impacted by PRS-RSRP measurement.
3 Measurement Capability
The other open issue for measurement capability was summarized in [2] as below.
	· FFS: time span of PRS resource instance > N
· Option 1
· The measurement requirements do not apply for a PRS resource, if time span of the PRS resource instance is greater than UE reported capability N
· Option 2
· at least UE should be able to measure one PRS resource without repetition 
· Option 3
· No clarification is needed 
· FFS: time span of PRS resource instance > MGL
· Option 1
· The measurement requirements do not apply for a PRS resource, if the time span of a DL PRS resource instance is greater than the configured measurement gap length
· Option 2
· When time span of PRS resource instance > MGL, the PRS within the useful part of MG can be assumed
· Option 3
· The requirements apply , provided a sufficient number of PRS symbols are available within MGL excluding the RF switching time. The PRS symbols beyond MGL are not considered for PRS measurements
· FFS: time span of PRS resource instance being across two sampling duration of N within duration Lprs
· Option 1
· The measurement requirements do not apply for a PRS resource, if the PRS resource is across two sampling duration of N within duration Lprs
· Option 2
· UE may need to combine the PRS resource in the two sampling periods, or overlapped sampling window can be used if the issue exists 
· Option 3
· No clarification is needed 
· General applicability due to UE processing and measurement limitations
· Option 1
· The measurement requirements do not apply to any instance of a PRS resource that cannot be measured and processed in its entirety due to limitations imposed by either the UE PRS processing capability {N, T} or the configured measurement gap pattern.
· Option 2
· No further clarification is needed


[bookmark: _Hlk40459743]
From our views, the purpose of all options above are to clarify and exclude some unreasonable PRS configurations which can’t be handle by UE processing capability. That is such clarifications are needed from technical perspective. But from the timeline perfective, how to implement these further clarifications can be deprioritized in Rel16. 
Proposal 5: More clarifications on applicability conditions of RSTD measurement requirements can be implemented in the maintenance stage of Rel16. 

4 Terminology in specification
According to RAN1’s definition in [38.214] below, we can align RAN4’s terminology with them as:
	[bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292][bookmark: _Toc36645522][bookmark: _Toc45810567]5.1.6.5	PRS reception procedure
The UE can be configured with one or more DL PRS resource set configuration(s) as indicated by the higher layer parameters nr-DL-PRS-ResourceSet-r16 and nr-DL-PRS-Resource-r16. Each DL PRS resource set consists of K≥1 DL PRS resource(s) where each has an associated spatial transmission filter. The UE can be configured with one or more DL PRS positioning frequency layer configuration(s) as indicated by the higher layer parameter nr-DL-PRS-PositioningFrequencyLayer-r16. A DL PRS positioning frequency layer is defined as a collection of DL PRS resource sets which have common parameters configured by nr-DL-PRS-PositioningFrequencyLayer-r16.
The UE assumes that the following parameters for each DL PRS resource(s) are configured via higher layer parameters nr-DL-PRS-PositioningFrequencyLayer-r16, nr-DL-PRS-ResourceSet-r16 and nr-DL-PRS-Resource-r16 defined by Clause 6.4.2.1 [17, TS 37.355].
A positioning frequency layer consists of one or more DL PRS resource sets and it is defined by Clause 6.4.2.1 [17, TS 37.355]:
-	dl-PRS-SubcarrierSpacing-r16 defines the subcarrier spacing for the DL PRS resource. All DL PRS resources and DL PRS resource sets in the same DL PRS positioning frequency layer have the same value of dl-PRS-SubcarrierSpacing-r16. The supported values of dl-PRS-SubcarrierSpacing-r16 are given in Table 4.2-1 of [4, TS38.211].
-	DL-PRS-CyclicPrefix defines the cyclic prefix for the DL PRS resource. All DL PRS Resources and DL PRS Resource sets in the same DL-PRS-PositioningFrequencyLayer have the same value of DL-PRS-CyclicPrefix. The supported values of DL-PRS-CyclicPrefix are given in Table 4.2-1 of [4, TS38.211].
-	dl-PRS-PointA-r16 defines the absolute frequency of the reference resource block. Its lowest subcarrier is also known as Point A. All DL PRS resources belonging to the same DL PRS resource set have common Point A and all DL PRS resources sets belonging to the same DL PRS positioning frequency layer



Proposal 6: The unified term of “Positioning frequency layer” shall be used in RAN4 specification.

5 Conclusion
In this contribution, some considerations on NR PRS RSTD measurement requirements are provided and the following observations and proposals can be drawn: 
Proposal 1: Do not define requirements for the case of PRS resource muting in Rel-16.
Proposal 2: The measurement time for the last PRS sampling defined in RSTD measurement period requirements [2] can be  =  +  when considering the different PRS resource offset.
Proposal 3: Requirement of non-overlapping case should be the same as for overlapping case.
Proposal 4: RSTD measurement period shall not be impacted by PRS-RSRP measurement.
Proposal 5: More clarifications on applicability conditions of RSTD measurement requirements can be implemented in the maintenance stage of Rel16. 
Proposal 6: The unified term of “Positioning frequency layer” shall be used in RAN4 specification.
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