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Abstract of the contribution: Discusses reducing latency for location of a target UE using a scheduled location time.
1. Introduction
There was a proposal and CR at SA2#142E in S2-2008427 [1] entitled “Add time of position determination to Deferred MT-LR and MO-LR” which proposed to allow some LCS Client control over when a location is determined in order to reduce latency. The precise benefits to latency were not completely clear and at least one new procedure seemed to be needed. However, this seemed to be a useful direction.
In this DP, a more compelling rationale is provided for latency reduction via synchronizing the time at which a location is obtained and it is shown that new procedures are not needed.
2. Synchronizing the time of Location 
[bookmark: _Toc510607461]In some (but not all) cases, the location of a UE would be needed at some known future time. Some examples of this are as follows.
- Periodic Location:	With a periodic deferred 5GC-MT-LR, the location of a UE is obtained at fixed periodic intervals. Clearly, the location time is then known in advance.
- IIot Location:	In a factory or warehouse with moving tools, components, packages etc., there could be a precise expectation of when a moving tool, component or package etc. will reach a specific location or will have completed a specific movement or operation. It may then be useful or critical to locate the tool, component or package etc. to confirm the expectation and make any further adjustments. 
- Scheduled Location:	The location of UEs may sometimes be scheduled to occur at specific times in the future. For example, vehicles on a road may all be located at the same time to provide an indication of traffic congestion as well as to assist with V2X. People, containers, transportation systems etc., may also be located at certain common times. 
In the scenarios above, the known time, referred to here as a scheduled location time, can be provided in advance to reduce the effective latency in providing location results. Figure 1 illustrates this at a high level for a 5GC-MO-LR, 5GC-MT-LR and deferred 5GC-MT-LR for periodic or triggered location.


Figure 1 – Synchronized Location of a UE at a scheduled location time T
1a.	The UE requests its location for an 5GC-MO-LR or sends an event report for an upcoming event for a deferred 5GC-MT-LR. A scheduled location time T is included.
1b.	An LCS Client sends a location request for a 5GC-MT-LR and includes a scheduled location time T.
1c.	An AF sends a location request for a 5GC-MT-LR and includes a scheduled location time T.
2.	The location request or event report is transferred to an LMF via the serving AMF.
3.	Dependent on the position method(s) to be used, the LMF requests DL location measurements or a location estimate from the UE and/or requests UL location measurements from one or more gNBs. The LMF provides the scheduled location time T at which the measurements (or location estimate) are to be obtained.
4.	The UE and/or gNB(s) obtain the DL location measurements and/or UL location measurements at the time T. For UE based location, the UE also computes a location.
5.	The UE and/or gNB(s) return the location measurements (or UE location) to the LMF.
6.	For UE assisted or network based position methods, the LMF calculates a location.
7.	The location is returned to the AMF for an 5GC-MO-LR when the UE has requested its own location. The location is otherwise sent to a GMLC or NEF (e.g. via the AMF or directly in the case of an event report sent to a GMLC) when the location is to be sent to an LCS client or AF.
8a.	The AMF returns the location to the UE for an 5GC-MO-LR when the UE has requested its own location.
8b.	A location response, location report or an event report is sent to an LCS client for a 5GC-MT-LR, deferred 5GC-MT-LR or 5GC-MO-LR with location reporting to an LCS client.
8c.	A location response, location report or an event report is sent by an NEF to an AF for a 5GC-MT-LR, deferred 5GC-MT-LR or 5GC-MO-LR with location reporting to an AF.
The procedure in Figure 1 includes a location preparation phase and a location execution phase. The location preparation phase starts at a time T-t1 when a UE, LCS Client or AF instigates a new location of the UE and ends after the LMF has requested DL measurements from the UE, UL measurements from gNB(s) and/or a location estimate from the UE. The location preparation phase includes any provision of assistance data to the UE (for DL measurements or a location estimate) and request of configuration information from or provision of configuration information to gNBs. 
The location execution phase begins at the scheduled location time T when the UE obtains DL measurements (and possibly determines a location estimate from these) and/or when gNB(s) obtain UL measurements and ends at a time T+t2 when the UE location has been provided to the UE (for a 5GC-MO-LR with location reporting to the UE) or LCS Client or AF (for a 5GC-MT-LR, deferred 5GC-MT-LR, or 5GC-MO-LR with location reporting to an LCS Client or AF). 
When there is no synchronization to a time T, the end to end latency for the location procedure in Figure 1 would be t1+t2. However, when location is synchronized to a known time T, the duration t1 of the location preparation phase is not part of the effective latency. Instead, the effective latency comprise only the duration t2. For example, the location preparation phase can be performed in advance of the known location time T and need not have particularly low latency.
The latency is thereby reduced by an amount t1 which may be quite substantial when the location preparation phase includes message transfer between multiple entities.
Observation 1	Support of a scheduled location time allows the latency for obtaining and reporting the location of a target UE to be reduced by the duration of a location preparation phase which may allow substantial reduction of latency.
RAN2 has been looking at the same approach and at RAN2#113E has agreed an LS to be sent to RAN1 with text proposals for latency reduction to be included by RAN1 in TR 38.857 [2]. An extract from this LS is shown below which refers to location scheduling in advance (see green highlight).
	R2-2102125: LS to capture Text Proposal for TR 38.857 – LS from RAN2 to RAN1 [3]
R2-2102124: Text Proposals of latency enhancements – attachment to LS [4]

	“Agreements:
The following TPs are endorsed, with an indication of which items originate from RAN2:
--------------------------------Text Proposal #1----------------------------------------------------------
The following enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, including DL and DL+UL positioning methods  
	The details of the solutions are left for further discussion in normative work, which may include the following aspects:
	Latency reduction related to the measurement gap
	Latency reduction related to the reporting and request of the measurement (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
	Latency reduction related to measurements
	Latency reduction related to the reporting and request of positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed)
----------------------------End of Text Proposal #1-----------------------------------------------------"



Observation 2	RAN2 has independently looked at and agreed to support location scheduling in advance – e.g. in the context of providing assistance data, though might also be applied to location determination.
3. Impacts to existing 5GC Location Procedures
Figure 2 shows Figure 6.1.2-1 from TS 23.273 [5] for a 5GC-MT-LR. Overlaid on this are the two location phases described in section 2. Figures 3 and 4 similarly show Figures 6.2-1 and 6.3.1-1 from TS 23.273 with the two location phase superimposed., Steps within the location preparation phase in each figure would be impacted to include the scheduled location time T as a new parameter and to schedule and obtain location measurements at or near to this time. However, the procedures are not otherwise affected.




Figure 2 - 5GC-MT-LR Procedure for the commercial location services
[image: ]
Figure 3: 5GC-MO-LR Procedure


Figure 4: Deferred 5GC-MT-LR for periodic, triggered location events
Observation 3	Support of a scheduled location time is possible for a 5GC-MT-LR, 5GC-MO-LR and deferred 5GC-MT-LR for periodic or triggered location without any fundamental change to each procedure
4. Relationship of a Scheduled Location Time to LCS QoS
A scheduled location time can interact with the existing LCS Quality of Services as follows.
For accuracy, no interaction is needed and accuracy need not be affected by the presence of a scheduled location time.
For response Time: the no delay option cannot be used with a scheduled location time as the two are in conflict. However, the low delay and delay tolerant options can be allowed but would apply only to the location execution phase.
For LCS QoS Class with the assured class, the scheduled location time would either need to be fulfilled or if it cannot be fulfilled, no UE location should be obtained and an error cause can be provided instead to an LCS Client, AF or UE. With the best effort LCS QoS class, if the scheduled location time is not fulfilled, a location can still be obtained and provided to an LCS Client, AF or UE with an indication that the scheduled location time was not fulfilled. The criteria for determining fulfillment of the scheduled location time can be implementation dependent.
Observation 4	A scheduled location time can be made consistent with existing LCS QoS attributes.
5. Proposal
[bookmark: _Hlk51968268]The following observations have been made.
Observation 1	Support of a scheduled location time allows the latency for obtaining and reporting the location of a target UE to be reduced by the duration of a location preparation phase which may allow substantial reduction of latency.
Observation 2	RAN2 has independently looked at and agreed to support location scheduling in advance – e.g. in the context of providing assistance data, though might also be applied to location determination.
Observation 3	Support of a scheduled location time is possible for a 5GC-MT-LR, 5GC-MO-LR and deferred 5GC-MT-LR for periodic or triggered location without any fundamental change to each procedure
Observation 4	A scheduled location time can be made consistent with existing LCS QoS attributes.
Based on these, the following proposals are made.
Proposal 1	Add support for a scheduled location time in TS 23.273 for the following procedures: 5GC-MT-LR in clause 6.1.2, 5GC-MO-LR in clause 6.2 and deferred 5GC-MT-LR for periodic or triggered location in clause 6.3.1.
Proposal 2	Send an LS to RAN1 and RAN2 to verify whether a scheduled location time can be supported in Rel-17 by RAN in a manner consistent with the changes to TS 23.273 for Proposal 1.
5. References
[1]	S2-2008427, “Add time of position determination to Deferred MT-LR and MO-LR”.
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