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Introduction
SA2 sent an LS to RAN1 and RAN2 on PRU procedures [1], informing RAN1 and RAN2 about introducing enhanced procedures for PRU support in SA2 specifications and requesting feedback:

	SA2 would like to inform RAN1 and RAN2 that the SA2 has agreed the attached CR to TS 23.273 on procedure enhancements for PRU support. 

Regarding the procedure for location of a target UE using PRUs (clause 6.x.4 of the attached CR), SA2 noticed that RAN had agreements to support some positioning methods that require simultaneous measurements of the target UE and PRU. In the SA2 agreed procedures, it is assumed that the LMF can make the decision and realize such simultaneous measurements by using a common scheduled location time. 

SA2 would like to seek RAN1 and RAN2’s feedback on such assumption and whether additional enhancement would be needed to support the simultaneous measurements for the target UE and PRU. SA2 would update the specification according to the RAN1 and RAN2 feedbacks if necessary.

Additionally, SA2 also would like to know what location information can be provided by PRU, and whether RAN1 and RAN2 see benefit to allow PRU to provide its location information together with the location measurements reports.



 
This document collects company views and discusses potential RAN1 feedback to SA2.
RAN1 Feedback
The procedure for using a PRU requires simultaneous measurements. To this end, SA2 assumes that the LMF can use a common scheduled location time based in RAN specifications for both the target UE and the PRU. The first question from SA is whether such an assumption regarding existing support in specification for simultaneous measurements is correct, or whether any additional enhancements are needed to support these operations.
Question 1: Do specifications support simultaneous measurements of the target UE and PRU as assumed by SA2? If not, what enhancements would be needed to support simultaneous measurements?
	Company
	Yes/No
	Needed enhancements if not already supported

	ZTE
	Yes
	

	CATT
	
	Our understanding is RAN so far has not specifically discussed the support simultaneous measurements of the target UE and PRU. Thus, enhancements are need in RAN specifications for support simultaneous measurements of the target UE and PRU. Details on how to support simultaneous measurements of the target UE and PRU can be further discussed in Rel-18 Pos WI. 

	Huawei, HiSilicon
	No
	RAN1 is still discussing whether such an enhancement is needed.

	Qualcomm
	No
	For the UE having the role of a PRU, to be functional and useful for its intended purpose, there needs to be a way to perform measurements on the same instances of the same TRPs/PRS resources as the target UE. This is the case for Double Difference TDOA, Double difference RTT, CPP, etc.
In current specification, the best LMF can do is the following: Send a location request to the PRU at the same time as the target UE, by adding the same response time, request for the same measurements, etc, and *hope* that the different UEs (PRU is just another UE) will measure the same TRP/PRS resources at the same instances. This is pretty unlikely since the measurement periods are really relaxed, and different UEs may pick to report different instance, and even if they pick the same instance, they may pick a different TRP/pRS resource to measure and report. 
It should be clarified that there is a RAN2/SA2 feature (e.g. scheduled location in advance) that might appear, at a first glance, that it can be useful, but still this has only a request of “T” of the time that the “measurements should be valid” but not a measurement window; this is not enough for what is needed; furthermore, this feature cannot be triggered by the LMF autonomously, it is supposed to be triggered by an external entity towards the LMF, and then the LMF includes that in the LPP request. Therefore, this feature is insufficient for what is needed. 
It should be clear that the enhancements needed  are all LPP enhancements and there is no need of enhancements in SA2 specifications (no NAS/NGAP message enhancement). 

	vivo
	Yes
	Based on our understanding, the network time has been supported and slot-level time can be used. In this case, LMF can use the same scheduled location time (ie. same Network time ) to trigger UE and PRU measurement.
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	Qualcomm
	
	@vivo: 
LMF cannot ask
· Which slots should be measured, only which SINGLE slot for which the measurements are valid. A slot for which a measurement are valid is NOT the same as when the measurements are performed. 
This field indicates that the target device is requested to obtain location measurements or location estimate valid at the scheduledLocationTime T and comprises the following subfields:

· For a UE to derive measurements that are valid in a slot, it may start measuring before that slot, or may start before and after, or maybe start in that slot and in the future; this behavior is unspecified. The “response time” is too loose of a metric and the “measurement period” in RAN4 is too loose and spans a very long period.
· Only a single slot can be added in “T” but PRS resources can span multiple slots. 
· LMF cannot ask specific resources or TRPs to be measured and reported. 
· Related to Question 4: LMF cannot requuest from serving gNBs, 2 UEs to transmit SRS in a given slot. 

	Nokia/NSB
	No
	The current spec does not allow the LMF to indicate that a given slot should be measured. As QC says there should be enhancements to LPP to allow the LMF to indicate specific times/resources that the UE/PRU should measure to enable double differential. 

	Lenovo
	No
	Similar to other company views’ that simultaneous measuremens are not supported in the current spec. From RAN1 perspective, the need for performing simultaneous measurements based on the type of positioning methods is yet to be clarified. The measurement time gap between UE measurements and PRU UE measurement should be minimized within a reasonable margin. In addition, the quality/confidence of the PRU UE location at the time of obtiaining the measurements is also an important aspect to take into consideration.

	LGE
	No
	We tend to agree with other companies that the simultaneous measurements of the target UE and PRU cannot be supported by the current spec. It is UE choice where/when to measure DL PRS and restrictions that LMF indicate/recommend UE for the measurment is not strict enough for simultenesou measurement. Especially, in case of CPP, very restricted condition on measurement instance for guaranteeing simultaneous measurement would be required, which is definitely not supported by the current spec.

	Intel
	No
	Agree with the observation from most others that currently it is not possible to trigger/request simultaneous measurements by a target UE and a PRU that are sufficiently tightly bounded in time for being useful for double differential methods. Signalling enhancements for LPP to be able to point to specific time resources for measurements by a PRU and target UE would be necessary for this purpose.  



The second set of questions from SA2 is regarding which location information can be provided by the PRU and whether RAN1 sees any benefit from allowing the PRU to provide its location information together with the location measurements.
Question 2: What location information can be provided by the PRU?
	Company
	Comments

	ZTE
	Similar as reported element in NR-DL-TDOA-LocationInformation including 
NR-DL-TDOA-LocationInformation-r16 ::= SEQUENCE {
	measurementReferenceTime-r16	CHOICE {
			systemFrameNumber-r16			NR-TimeStamp-r16,
			utc-time-r16					UTCTime,
			...
			}															OPTIONAL,
	...,
	[[
	locationCoordinates-r17					LocationCoordinates			OPTIONAL,	-- Cond batch1
	locationSource-r17						LocationSource-r13			OPTIONAL	-- Cond batch2
	]]
}

	CATT
	For supporting legacy positioning methods developed in R16/R17, the PRU location information should at least include the information related to reference position of the PRU antenna defined in R16, which may be included in NR-DL-TDOA-LocationInformation as ZTE commented.
In addition, for supporting double differential technique related to R16 positioning methods, we think the location information should not be limited to the coordinate of the PRU, but also include other information, such as the Rx/Tx TEG information. 
For supporting NR CPP under development in R18, the PRU location information may also include additional information, e.g.,
1)	the PRU Tx/Rx antenna phase centre, if it is supported in R18
2)	the phase error group information, if it is supported in R18


	Huawei, HiSilicon
	Reporting UE location to the LMF is not covered by RAN1 specification.
Currently RAN2 spec supports WGS-84 coordiates.

	Qualcomm
	Location Estimate with uncertainty as already being done for UE-based positioning

	vivo
	Same understanding with ZTE, Huawei and Qualcomm

	Nokia/NSB
	Agree that the PRU should be able to report its known location information. 

	InterDigital
	Agree with others that the PRU’s report about its location can be the same as the UE’s report for UE-based positioning

	Lenovo
	Agree with the companies that the existing location report may be used as indicated in the IE ‘locationCoordinates-r17	‘. 

	LGE
	The Location information that is similar to existing location information, e.g. NR-DL-TDOA-LocationInformation as ccommented by ZTE, can be a candidate. However, we are not convinced with sending reply LS on this issue without enough discussion and proper decision. Specifically, we need further discussion whether new types of location information shall be introduced. 

	Intel
	Location information as supported for reporting location for UE-based positioning can be reported by a PRU.



Question 3: Is there any benefit from allowing the PRU to provide its location information together with the location measurements report?
	Company
	Yes/No
	Comments

	ZTE
	No
	We think the location information may not be reported always together with measurement results since the periodicity may be different. 
Similar as UE based positioning method, we think the location information can be reported by ProvideLocationInformation. 

	CATT
	
	For a stationary PRU located a fixed place, the PRU may not need to always provide its location information together with location measurements report.
For a moving PRU, the PRU needs to provide its location information together with location measurements repor. , PRU needs to provide the DL carrier phase measurements together with location information to LMF.

	Huawei, HiSilicon
	
	In general, they can be decoupled.
For example, in the UL positioning methods, the measurement is reported by the gNB.

	Qualcomm
	Yes (with a very important clarification)
	There can be scenarios which could be beneficial, but even in those scenarios, it should be understood that it should NOT be assumed by the network that the location estimate is derived solely based on the reported measurements. In other words, a PRU is not expected to derive its location with those exact measurements, since this would miss the whole point and functionality of PRUs. PRUs may have other ways to know their location (other technologies, or just based on out-of-spec solutions), and then they can report that location together with the measurements. 
Therefore, it may be useful to have such an option in the specification, but under the assumption that doesn’t mean that the location estimate is assumed that is being derived based on these measurements. 

	vivo
	
	It depends on whether the PRU is fixed or moving.

	Nokia/NSB
	
	PRU doesn’t necessarily need to report its location along with each measurement report. 

	InterDigital
	
	We agree with vivo that it depends on the status of the PRU.

	Lenovo
	Yes
	This deals with how the location information of a PRU UE is reported to the LMF. As QC mentioned, the provided PRU UE location information should be decoupled form the reference measurements performed by the PRU UE. The LMF may obtain this location information even prior to the PRU UE performing the requested reference measurements.

	LGE
	
	In general, it may not be necessary to report the location information together with the every location measurement report. 

	Intel
	Yes
	In general, yes, especially for mobile PRUs. However, reporting of location information need not be coupled with reporting of measurements and as pointed out by Qualcomm, it’d be good to clarify that the location information reported by a PRU should not be assumed as determined based on location measurements reported to an LMF. As long as a PRU can be requested to provide location information with sufficient flexibility in reporting periodicities, most typical use cases involving PRUs may be satisfied.



Lastly if there is any additional feedback to include in the reply LS, please indicate so in the table below.
Question 4: Please include any additional feedback to capture in the reply LS
	Company
	Comments

	CATT
	For UL differential positioning, there is a need to the support simultaneous transmission of the target UE and PRU for UL differential positioning. 
The use of PRU for UL differential positioning is described in TR 38.859:
For UL NR carrier phase positioning, a PRU works as a UE to transmit the UL SRS signals for positioning purpose. The TRPs provide the UL carrier phase measurements obtained from the UL SRS signals of the target UE and of the PRU to the LMF, where the double differential measurements can be obtained by the difference of these UL carrier phase measurements for eliminating the measurement errors.

	Qualcomm
	In addition to enhancements in LPP signaling, there need to be enhancements to NRPPa signaling: Specifically, if a UE is a PRU, an LMF wants to do double difference RTT, or UL-CPP, or UL-AoA with aid from the PRU, the SRS transmitted from the UE and the SRS transmitted by the PRU need to be “close-by in time” as much as possible. Currently, an LMF cannot request a slot offset from the serving gNB of the UE (in the requested SRS transmission properties, an LMF can request a periodicity and BW, but not a slot offset). 
Therefore, we think the following enhancement is also needed: LMF should be able to request the slot-offset of an SRS from the serving gNB (similar to the request of periodicity, BW, etc in the “SRS Requested Transmission Characteristics” in NRPPa).  

	Nokia/NSB
	Similar understanding as CATT/QC on UL. We feel that there are two essential functionalities that need to be there for PRU to enable double differential CPP: 
· PRU and target UE measure the same DL PRS at the same time 
· PRU and target UE transmit SRS at the same time
Our understanding is that the SA2 CR may already be sufficient to enable the above, assuming some additional RAN enhancement to LPP and NRPPa specifications. 

	Intel
	Agree with CATT and others that the ability to request a PRU (via gNB) to transmit SRS in the UL that is sufficiently close in time to that from a target UE would be necessary similar to the case of performing location measurements in the DL that are sufficiently close to that for a target UE. 




2.1 Summary of Round 1 Replies
The majority of replies noted that current specifications do not support signaling to ensure simultaneous measurements of the target UE and the PRU as assumed by SA2. While signaling from the LMF contains a slot indication, this indication is only for when the measurement is valid, not when the measurement is to be performed.
The PRU can report its location using the same signaling, NR-DL-TDOA-LocationInformation, as any UE. This includes the UEs location and associated uncertainty. Some replies indicated that based on Rel-18 discussions and future agreements, additional values could be incorporated into the report as well.
While reporting the PRU location along with its measurements could be useful in some scenarios, it was noted that it is not be always necessary, e.g. for a fixed location PRU or if the reporting periodicities are different. It was also commented that the reported measurements and reported location should be decoupled, i.e. the location is not calculated using the reported measurements, in order for the PRU information to be used to improve the target UE location estimate.
Finally, four replies mentioned the need for updates to NRPPa in addition to LPP signaling to support (1) the PRU and target UE measuring the same DL-PRS at the same time and (2) the PRU and target UE transmitting SRS at the same time. These updates are needed to enable double differential positioning.
Round 1 Proposals for Wednesday’s Online Session
Conclusion 1: Current specifications do not support simultaneous measurements of the target UE and the PRU as assumed by SA2.
Conclusion 2: A PRU can report its location and associated uncertaintainty as is the case for other UEs using UE-based positioning. It is not necessary to always include the PRU location information with the PRU measurements. The PRU location and measurements should be decoupled, i.e. location is not calculated based on the reported measurements.
Proposal 1: RAN1 to continue discussions on what enchancements to LPP and NRPPa signaling are necessary to support simultaneous measurements of the same DL-PRS for the target UE and PRU, and to support simultaneous transmission of SRS for the PRU and target UE. RAN1 will include the outcome in an LS to SA2 and RAN2.
Outcome of Wednesday’s Online Session
The following coclusions were made online:
	Conclusion
Current RAN1 specifications do not support a mechanism to ensure simultaneous measurements/transmissions (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU.

Conclusion
A PRU can report its location and associated uncertainty as is the case for other UEs. It is not necessary to always include the PRU location information with the PRU measurements in the same report. The PRU location information and measurements should be decoupled, where decoupled means that the PRU location information is determined independently of the reported measurements, even if the PRU location information and the PRU measurements would be included in the same report.



The following proposal was discussed but it was decided that more offline discussion was needed.
	Proposal 1
RAN1 to continue discussions on whether and what enhancements to LPP and NRPPa signaling are necessary to support simultaneous measurements of the same DL-PRS for the target UE and PRU, and to support simultaneous transmission of SRS for the PRU and target UE. RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.



Round 2 Discussions
It was requested online to first discuss whether RAN1 would consider any enhancements to support PRU funcitonaly before committing to work on those enhancements. Given the RAN1 conclusions that specifications do not support the mechanism necessary to ensure simultaneous transmissions or measurements for multiple UEs, PRU functionality as defined might not be fully realized without enhancements. Hence, it would be beneficial to indicate in the LS whether RAN1 intends to discuss enhancements or not. 
Proposal 2: RAN1 to continue discussions on what enhancements---LPP, NRPPa, and/or RAN signaling---are necessary to support simultaneous measurements of the same DL-PRS for for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. Enhancements might not have RAN1 specification impact. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
Please provide your views on whether Proposal 2 is acceptable or not.
	Company
	Support/Not support
	Comments

	Nokia/NSB
	Support
	This is important to enable double differential measurements. So we think it is good to make sure our reply LS has the proposed message back to SA2. 

	LGE
	Support in principle 
	We are generally fine with the proposal, but not convinced with the last sentence in the proposal; “Enhancements might not have RAN1 specification impact”.



Proposal For Thursday’s Online Session
Proposal 2: RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. Enhancements might or might not have RAN1 specification impact. 
RAN1 will include the outcome in an LS to SA2 and RAN2, and cc RAN3.
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