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This document summarizes the following contributions submitted for Agenda Item 8.11.2 on enhancements of signalling, and procedures for improving positioning latency:
[1]		R2-2102789, "Discussion on latency enhancement for R17 positioning", vivo.
[2] 		R2-2102849, "Consideration on latency reduction solutions", Intel Corporation.
[3]		R2-2102925, "Consideration on Latency Optimization of Assistance Data", CATT.
[4]		R2-2103131, "Positioning enhancements on latency reduction", Xiaomi.
[5]		R2-2103144, "Consideration of the latency reduction regarding the scheduling the localization in advance", 			OPPO .
[6]		R2-2103382, "Positioning Latency Reduction Enhancements", Lenovo, Motorola Mobility.
[7]		R2-2103541, "Discussion on positioning latency"	, Huawei, HiSilicon.
[8]		R2-2103614, "Considerations on positioning latency", Sony Europe B.V. 
[9]		R2-2103785, "Enhancements for Latency Reduction", InterDigital, Inc.
[10]	R2-2103898, "Scheduling Location in Advance to reduce Latency", Qualcomm Incorporated.
[11]	R2-2103899, "[draft] Response LS on Scheduling Location in Advance to reduce Latency, Qualcomm 				Incorporated,	LS out	To:SA2; Cc:RAN1, RAN3.
[12]	R2-2103914, "Reducing Latency for Positioning procedures", Ericsson.
[13]	R2-2104179, "Latency reduction via configured grant for positioning", Samsung R&D Institute UK.
[14]	R2-2104181, "Latency reduction via measurement gap signalling optimization", Samsung R&D Institute UK.
[15]	R2-2104274, "Discussion on latency reduction", ZTE Corporation, Sanechips	.
[16]	R2-2104275, "Discussion on periodic PRS measurement", ZTE Corporation, Sanechips.
Incoming LS:
[17]	R2-2102665 (S2-2102048), "LS on Scheduling Location in Advance to reduce Latency", SA2.
2.	Overview of the main topics discussed to reduce positioning latency
	Topic
	Company/Contribution

	Location scheduling in advance
	vivo [1], Intel [2], CATT [3], Xiaomi [4], OPPO [5], Lenovo [6], Huawei [7], Qualcomm [10][11], Ericsson [12]

	Lower layer triggered requesting of measurements
	vivo [1]

	Prioritization of measurements
	vivo [1], Lenovo [6], InterDigital [9]

	Latency reduction related to the measurement gaps
	vivo [1], InterDigital [9], Samsung [14]

	Configured UL grant for location reports
	vivo [1], Xiaomi [4], Samsung [13], ZTE [15]

	Storing of UE positioning capabilities in the NW
	InterDigital [9]




3.	Location Scheduling in Advance
Multiple contributions discuss the location scheduling in advance of the time when the location is needed in relation to the SA2 incoming LS in R2-2102665 (S2-2102048) [17]. SA2 endorsed a corresponding CR to TS 23.273 in S2‑2102047 which was attached to this incoming LS [17].
The company proposals related to this topic are summarized in the Table below.
	Company
	Proposals

	vivo [1]
	The timing of UE received LPP Request Location Information (the start time of physical layer latency) can be seen as the scheduled location time. (Proposal 3 in [1])

	Intel [2]
	RAN2 is proposed to reply SA2 LS that from RAN2 perspective, it is feasible to support scheduling of location measurements by the LMF at the UE and/or NG-RAN to occur at or near the scheduled time. (Proposal 1 in [2])

RAN2 is proposed to confirm that in order to accomplish latency reduction related to reporting and request of positioning assistance data, pre-configuration of assistance data to the UE during the location preparation phase shall be supported. (Proposal 2a in [2]).

The pre-configuration of assistance data can, in general, be applicable for both MO-LR and MT-LR location services. (Proposal 2b in [2]).

Existing LPP/NRPPa and RRC procedures can be utilized for pre-configuration of positioning assistance data for measurements to the UE. (Proposal 3 in [2])

The UE shall retain the pre-configured positioning assistance information without having to perform positioning measurements until it is triggered to do so. (Proposal 4 in [2])

In case of NI-LR/MT-LR, the location information request from the LMF can serve as an indication to the UE to utilize the pre-configured assistance data to perform positioning measurements during the location execution phase. (Proposal 5 in [2]).

In case of MO-LR, it is up to the UE to determine and indicate the scheduled location time to the core network in order to obtain pre-configured assistance data in advance of the location execution phase (Proposal 6 in [2]).

	CATT [3]
	For the solution of latency optimization of assistance data from SA2, from the RAN side, the scheduled location time is invisible in RAN2 specifications. (Observation 2 in [3])

RAN2 further discuss the impact of these optimizations on RAN2 specification and the necessity of the scheduled location time. (Proposal 1 in [3])

	Xiaomi [4]
	LMF provides PRS configurations to gNB, and the PRS configurations can be pre-configured to UE by the gNB before UE performing positioning. (Proposal 1 in [4]).

	OPPO [5]
	RAN2 to discuss whether or not the scheduled time T related information should be included in the LPP Request Location information msg for the DL-TDOA/AOD to fulfil the SA2 requirement regarding scheduled location time.(Proposal 1 in [5]).

RAN2 to agree that T related information should be carried in the RRC msg for SRS configuration if informing UE of the SRS activation time explicitly is needed for the UL-TDOA/UL-AoA positioning approach. (Proposal 2 in [5])

RAN2 to discuss whether or not the scheduled time T related information should be included in the LPP Request Location information msg for the multi-RTT positioning approach to fulfil the SA2 requirement regarding scheduled location time. (Proposal 3 in [5])

RAN2 to agree that T related information should be carried in the RRC msg for SRS configuration if informing UE of the SRS activation time explicitly is needed for the multi-RTT positioning approach. (Proposal 4 in [5]).

RAN2 to discuss whether or not the scheduled time T related information should be included in the LPP Request Location information msg for the downlink NR E-CID to fulfil the SA2 requirement regarding scheduled location time. (Proposal 5:  in [5])

	Lenovo [6]
	FFS the values for the time parameter ‘T’ for performing location configuration and scheduling in advance. (Proposal 1 in [6])

Support prioritized assistance data for location scheduling in advance for multiple measurement time instances corresponding to multiple position fixes, e.g. ‘T’, ‘T+1’, …, ‘T+n’. FFS the number of location configuration and scheduling time instances. (Proposal 2 in [6])

	Huawei [7]
	Send the LS response to SA2 to confirm the feasibility and that there is no RAN2 stage3 spec impacts. (Proposal 1 in [7]

	InterDigital [9]
	Support using stored assistance information (e.g. PRS configuration) in UE for making measurements on DL-PRS and sending measurement reports/location estimates (Proposal 2 in [9])

Support dynamic initiation for using a PRS preconfigured at UE by LMF when making measurements on DL-PRS (Proposal 3 in [9])

Support dynamic initiation for using an SRSp preconfigured at UE by gNB when transmitting SRSp (Proposal 4 in [9])

	Qualcomm [10]
	Include a scheduled location time T in the NRPPa Measurement Request message, defining the time at which the measurements are to be obtained. The specific format of the scheduled location time T is FFS and requires also input from RAN1. (Proposal 1 in [10])

Include a scheduled location time T in LPP IE CommonIEsRequestLocationInformation, defining the time at which the measurements (or location estimate) are to be obtained. The specific format of the scheduled location time T is FFS and requires also input from RAN1. (Proposal 2 in [10])

	Ericsson [12]
	RAN2 needs to review the SA2 work to avoid any duplication work for latency reduction. (Proposal 1 in [12]	)

RAN2 to discuss how the time T can be utilized. (Proposal 2 in [12])

Positioning QoS information is provided to gNB for resource allocation prioritizations (Proposal 3 in [12])



Summary:
From the submitted contributions which discuss this topic, there seems general consensus that the SA2 endorsed CR to TS 23.273 in S2-2102047 attached to LS in R2-2102665 (S2-2102048) can in principle be supported from RAN2 point of view. I.e., location measurements can be scheduled to occur at a UE or NG-RAN at a specific scheduled location time.
Different views exist on the signalling of the scheduled location time and corresponding RAN specification impacts. Generally, there are three options discussed:
(a)	There are no RAN2 Stage3 specification impacts (Huawei [7], CATT [3])
(b)	The scheduled location time can be defined in relation to the reception of a measurement request message; e.g., LPP Request Location Information (vivo [1])
(c)	The scheduled location time is provided in location request messages and/or SRS configuration messages (OPPO [5], Qualcomm [10])
- FFS the values for the scheduled location time T (Lenovo [6], Qualcomm [10])
- FFS any additional "QoS information" which may need to be conveyed (Ericsson [12])

In addition, several contributions discuss the support of using stored/preconfigured assistance data together with procedures/rules on how to trigger a UE to use previously provided assistance data:
(a)	The UE should retain the pre-configured positioning assistance information without having to perform positioning measurements until it is triggered to do so (Intel [2])
(b)	 The location information request can serve as an indication to the UE to utilize the pre-configured assistance data to perform positioning measurements during the location execution phase (Intel [2])
(c)	Existing LPP/NRPPa and RRC procedures can be utilized for pre-configuration of positioning assistance data for measurements to the UE (Intel [2]).
(d)	An LMF provides the PRS configuration to a gNB (via a new NRPPa procedure), and then the gNB preconfigures the UE with PRS assistance data (using a new RRC procedure). (Xiaomi [4])
(e)	Priority rules for assistance data for location scheduling in advance for multiple measurement time instances corresponding to multiple position fixes, e.g. ‘T’, ‘T+1’, …, ‘T+n’. (Lenovo [6])
(f)	The UE can be preconfigured with multiple DL-PRS and SRS configurations. A selected/triggered DL-PRS/SRS configuration for measurements is (dynamically) indicated to the UE (InterDigital [9])

Rapporteur's comments:
(a)	With regard to the scheduled location time T, according to the SA2 endorsed CR, the time T should specify the time at which the location measurements should be obtained. Related discussions are also ongoing in RAN1 on defining precise "Measurement Time Instance(s)" and/or "Measurement Time Window(s)", etc.
(b)	With regard to the preconfigured assistance data, all LPP transactions for a single location request (e.g., for a single MT-LR, MO-LR or NI-LR) have the same session ID (aka correlation ID, routing ID, etc.). Therefore, there seems in general no difference to the provision and handling of assistance data compared to legacy/existing procedures. 
(c)	Most contributions focus on NR positioning methods (e.g., DL-PRS assistance data, SRS configuration, etc.). However, the SA2 CR (and TS 23.273 in general) is agnostic to a specific positioning method (e.g., equally applicable to RAT-Independent (and hybrid) methods).

Proposals for Discussion:
Proposal 1:	Send a reply LS to SA2 confirming that RAN2 will add support for a scheduled location time as part 		of Rel-17and as defined in SA2 CR0151 to 23.273 (S2-2102047).
Proposal 2:	Continue evaluation of the RAN specification impacts for supporting a scheduled location time as 			defined in SA2 CR0151 to 23.273 (S2-2102047) including the following options:
(a)	There are no RAN Stage3 specification changes required for supporting a scheduled location time
(b)	The scheduled location time can be defined in relation to the reception of a measurement request message; e.g., LPP Request Location Information
(c)	The scheduled location time is provided in location request messages and/or SRS configuration messages 
	- FFS the format for the scheduled location time T 
	- FFS any additional "QoS information" which may need to be conveyed together with the scheduled location time T
Proposal 3:	Continue evaluation of the signalling and procedures to support preconfiguration of assistance data to 		the UE during the location preparation phase including the following aspects:
(a)	Existing LPP/NRPPa and RRC procedures can be utilized for pre-configuration of positioning assistance data for measurements to the UE. 
(b)	New NRPPa/RRC procedures can be defined for pre-configuration of positioning assistance data for measurements to the UE.
(c) Definition of procedures for retaining and use of (one or more) preconfigured assistance data sets at the UE.

4.	Lower layer triggered requesting of measurements
The company proposals related to this topic are summarized in the Table below.
	Company
	Proposal

	vivo [1]
	The request of the measurement via RRC signaling, MAC-CE and/or physical layer procedure should be supported. (Proposal 4 in [1])



Rapporteur's comments:
(a)	The LPP Request Location Information is proposed to be replaced by a 2-step procedure:
(1) NRPPa Request Location Information (LMF gNB)
(2) "Lower layer" triggered request (gNBUE).
	However, it remains unclear how the location report can be provided to an LMF (i.e., only the "request" is described), or how a UE can request additional assistance data, send an LPP acknowledgement, etc. In addition, the overall achievable latency benefit (given that at least one additional NRPPa procedure is required) is unclear.
Proposal for Discussion:
Proposal 4:	With regard to lower-layer triggered requesting of measurements, interesting companies are 				encouraged to provide a more detailed end-to-end solution description of the proposed 						procedures, which should also allow an evaluation of the latency benefits and complexity, etc. 

5.	Prioritization of measurements
The company proposals related to this topic are summarized in the Table below.
	Company
	Proposal

	vivo [1]
	Priority rules for positioning measurement and report should be supported in Rel-17 positioning. (Proposal 5 in [1])

	Lenovo [6]
	RAN2 considers the support and configuration of priority rules associated to configured measurements to be reported. FFS on how to apply the priority rules and associated response time, e.g. according to latency budget, positioning technique, etc. (Proposal 3 in [6])

	InterDigital [9]
	Support  prioritization rules for determining prioritization of DL PRS measurement and reporting of measurements/location estimates (Proposal 5 in [9])



Summary:
From the contributions, it seems "priority rules" can comprise the following aspects (as mentioned in the various contributions):
(a)	Priority indications for the calculation of CCSF (vivo [1])
(b)	Priority rules for PRS measurements (vivo [1], InterDigital [9])
(c)	Priority rules for location reports (vivo [1], InterDigital [9])
(d)	Priority rules associated to the configured measurements (Lenovo [6])
(e)	Priority of transmission of data and other RS over PRS (priority for PRS) (InterDigital [9])
Rapporteur's comments:
(a) Calculation of CCSF appear to be an RAN4/RAN1 issue. 
(b) Priority of data transmission and other RS over PRS appear to be a RAN1 issue.
(c)	Priority of measurements/location reports is unclear, given that an LMF requests location information for a specific positioning method or methods which finally allows the calculation of a UE location. If an LMF decides to request e.g., DL-AoD and DL-TDOA location information to fulfil the location request from an client, why should these methods have different priority for the UE, and how would this reduce latency?
Proposal for Discussion:
Proposal 5:	With regard to prioritization of location measurements and reports, interesting companies are 				encouraged to provide a more detailed end-to-end solution description of the proposed 						procedures/methods/solutions, which should also allow an evaluation of the latency benefits and 			complexity, etc.
6.	Latency reduction related to the measurement gaps
The company proposals related to this topic are summarized in the Table below.
	Company
	Proposal

	vivo [1]
	Pre-configured and PRS-associated MG should be supported for NR positioning. (Proposal 6 in [1])

	InterDigital [9]
	Details of MG configurations need to be discussed along with PRS prioritization and different type of PRS (Observation 6 in [9])

	Samsung [14]
	RAN2 agrees that for measurement gap related latency reduction, gNB’s measurement gap configuration can be preconfigured to UE, and UE’s request of MG and gNB’s activation on that can be done in lower layer signaling. (Proposal 1 in [14])



Rapporteur's comments:
(a)	The details of measurement gaps enhancements seem to be a RAN4/RAN1 centric issue. Any discussion on signaling requirements appear premature and should await more progress in RAN1/RAN4.

Proposal for Discussion:
Proposal 6:	With regard to latency reduction related to the measurement gaps postpone the RAN2 discussion until 		more input/agreements from RAN1/RAN4 are available.
7.	Configured UL grant for location reports
The company proposals related to this topic are summarized in the Table below.
	Company
	Proposal

	vivo [1]
	The UL grant for location reporting should be configured in advance of the timing. (Proposal 7 in [1]).

Adding a new indication in ConfiguredGrantConfig IE and/ or LogicalChannelConfig that allows the logical channel for positioning priority mapping to the above UL grant for positioning. (Proposal 8 in [1]).

	Xiaomi [4]
	The LMF can provide an indication to gNB and then gNB decides to configure/activate CG resource or deactivate/release the CG resource for UE transmitting location measurements or location estimate based on the indication. (Proposal 2 in [4])

LMF can provide assistance information to assist gNB to decide appropriate CG resource for UE transmitting location measurements or location estimate. (Proposal 3 in [3])

	Lenovo [6]
	FFS the impact the of CG-based solution for reporting the positioning measurements or location estimate in both RRC_CONNECTED and RRC_INACTIVE states. RAN3 input may be required. (Proposal 5 in [6])

	Samsung [13]
	RAN2 discuss on latency reduction using CG where LMF first indicates the required CG info to UE and then UE request the CG to gNB. (Proposal 1 in [13])

	ZTE [15]
	RAN2 shall send an LS to RAN3 and trigger the discussion on NRPPa about PRS data transportation for CG-based positioning data transmission. (Proposal 2 in [15]) 



Rapporteur's comments:
(a)	It seems at least one additional NRPPa procedure is required for the proposals to work, and therefore, potential latency gains are unclear. 
(b) Some discussion also mentions LPP periodic reporting. However, periodic LPP reporting is not supported in the core network (e.g., TS 23.273).
(c)	The proposals seem to focus on LPP Provide Location Information only, and do not consider additional LPP messages which may be needed during an LPP session (e.g., LPP Acknowledgement,  LPP Request Assistance Data, LPP Provide Capabilities).
Proposal for Discussion:
Proposal 7:	With regard to configured UL grant for location reports, interesting companies are encouraged to 			provide a more detailed end-to-end solution description of the proposed procedures, which should also 		allow an evaluation of the latency benefits and complexity, etc. 
8.	Storing UE positioning capabilities
The company proposals related to this topic are summarized in the Table below.
	Company
	Proposal

	InterDigital [9]
	Support using stored capability information from UE in LMF/AMF when receiving location request from LCS client (Proposal 1 in [9])



Rapporteur's comments:
(a)	It seems there are primarily core network impacts. This issue is also discussed in SA2.
Proposal 8:	With regard to storing UE positioning capabilities in an LMF/AMF, interesting companies are 				encouraged to contribute to the ongoing SA2 discussion. RAN2 should await more progress in SA2 		for determining any RAN2 impacts.
9.	Other
The company proposals related to miscellaneous topics are summarized in the Table below.
	Company
	Proposal

	Lenovo [6]
	Introduce additional finer time granular values for the responseTime IE to meet the Rel-17 latency requirements (<100ms). FFS the values to be supported. (Proposal 4 in [6])

Introduce additional finer time granular values for the reportingAmount and reportingInterval IEs corresponding to a periodical reporting configuration. FFS the values to be supported. (Proposal 6 in [6])

	Huawei [7]
	Extend the value of the “unit” field to include the “ten-mini-seconds” in “ResponseTime” field in TS 37.355. (Proposal 2 in [7])

	Sony [8]
	Positioning latency reduction is facilitated by RAN2 in the context of RAN procedures/protocol on LPP signalling, NRPPa, RRC signalling, and MAC layer. (Proposal 1 in [8])

	Sony [8]
	Enhance NRPPa protocol to enable LMF to provide positioning configuration to gNB/TRP, including triggering signal (e.g., trigger to transmit aperiodic DL PRS). (Proposal 2 in [8])

	ZTE [15]
	RAN2 shall consider to only use periodic SRS for the optimization latency performance in Rel-16. (Proposal 1 in [15]) 

	ZTE [16]
	RAN2 shall consider the following aspects for the latency reduction enhancement:
· Introduce periodic PRS measurement for the DL positioning.
· Both UE and NW stores the PRS measurement configuration.
· Detail configuration of the periodic PRS measurement can be FFS.
(Proposal 1 in [16])

RAN2 shall consider to introduce the limitation/criteria which is used to release the periodic PRS measurement. Detail can be FFS. (Proposal 2 [16])




Rapporteur's comments:
(a)	Two companies propose finer granularity for the LPP Response Time and LPP Reporting Interval. This seems straight forward, but should also consider that the Response Time is the time between LPP Request Location Information and LPP Provide Location Information. During this time, a UE has more to do than just performing measurements (e.g., analyze the requested QoS and available assistance data and schedule measurements for TRPs/Frequency Layer/Resources accordingly, determine the availability of measurement gaps, request and configure measurement gaps, etc.).  I.e., desired values should not solely be based on application requirements (e.g., <100 ms end-to-end latency), but on what is feasible with Rel-17; also taking the RAN4 reporting delay requirements into account.
(b)	Periodic LPP reporting is not supported in the core network. One reason why a separate capability has been added in Rel-14. However, it may be useful for clients residing in the LMF itself (e.g., in the case of reference location devices are supported by RAN1).
Proposal for Discussion:
Proposal 9:	With regard to the granularity of the LPP Response Time and LPP Reporting Interval, RAN2 should 		evaluate feasible/sensible values which can be supported, also taking any potential latency 					enhancements from this Work Item into account (e.g., any latency improvements on PHY 					measurements (RAN1), requirements from RAN4,  etc.).
10.	Summary of Proposals for Discussion
Proposal 1:	Send a reply LS to SA2 confirming that RAN2 will add support for a scheduled location time as part 		of Rel-17and as defined in SA2 CR0151 to 23.273 (S2-2102047).
Proposal 2:	Continue evaluation of the RAN specification impacts for supporting a scheduled location time as 			defined in SA2 CR0151 to 23.273 (S2-2102047) including the following options:
(a)	There are no RAN Stage3 specification changes required for supporting a scheduled location time
(b)	The scheduled location time can be defined in relation to the reception of a measurement request message; e.g., LPP Request Location Information
(c)	The scheduled location time is provided in location request messages and/or SRS configuration messages 
	- FFS the format for the scheduled location time T 
	- FFS any additional "QoS information" which may need to be conveyed together with the scheduled location time T
Proposal 3:	Continue evaluation of the signalling and procedures to support preconfiguration of assistance data to 		the UE during the location preparation phase including the following aspects:
(a)	Existing LPP/NRPPa and RRC procedures can be utilized for pre-configuration of positioning assistance data for measurements to the UE. 
(b)	New NRPPa/RRC procedures can be defined for pre-configuration of positioning assistance data for measurements to the UE.
(c) Definition of procedures for retaining and use of (one or more) preconfigured assistance data sets at the UE.
Proposal 4:	With regard to lower-layer triggered requesting of measurements, interesting companies are 				encouraged to provide a more detailed end-to-end solution description of the proposed 						procedures, which should also allow an evaluation of the latency benefits and complexity, etc. 
Proposal 5:	With regard to prioritization of location measurements and reports, interesting companies are 				encouraged to provide a more detailed end-to-end solution description of the proposed 						procedures/methods/solutions, which should also allow an evaluation of the latency benefits and 			complexity, etc.
Proposal 6:	With regard to latency reduction related to the measurement gaps postpone the RAN2 discussion until 		more input/agreements from RAN1/RAN4 are available. 
Proposal 7:	With regard to configured UL grant for location reports, interesting companies are encouraged to 			provide a more detailed end-to-end solution description of the proposed procedures, which should also 		allow an evaluation of the latency benefits and complexity, etc. 
Proposal 8:	With regard to storing UE positioning capabilities in an LMF/AMF, interesting companies are 				encouraged to contribute to the ongoing SA2 discussion. RAN2 should await more progress in SA2 		for determining any RAN2 impacts.
Proposal 9:	With regard to the granularity of the LPP Response Time and LPP Reporting Interval, RAN2 should 		evaluate feasible/sensible values which can be supported, also taking any potential latency 					enhancements from this Work Item into account (e.g., any latency improvements on PHY 					measurements (RAN1), requirements from RAN4,  etc.).
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