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SA2 discussed the latency reduction using a scheduled location time at SA2#142e and SA2#143e and sent the LS in [1] to RAN2 (incl. RAN1 and RAN3) attaching a technically endorsed CR to TS 23.273 [2]. The question from SA2 to RAN1/2 is as follows [1]:
	"SA2 would like to ask RAN1 and RAN2 whether support can be provided for a scheduled location time as part of Rel-17 and as defined in the attached CR to TS 23.273. SA2 also invite RAN1 and RAN2 to provide any other comments on support of this feature which may be applicable to support in 5GC.
	ACTION: 	SA2 kindly asks RAN1 and RAN2 to provide a response to the question above once RAN1 and 				RAN2 are in a position to answer."

In this contribution, we discuss the RAN specification impacts to support a scheduled location time according to the CR to TS 23.273 in [2].
2.	Background
In some scenarios, a UE, LCS Client or AF that is requesting the location of a target UE may know a time at which the location should be obtained. 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 as a scheduled location time, can be provided in advance to reduce the effective latency in providing location results, as also discussed in [3][4]. 
The general UE positioning operations as specified in TS 38.305, clause 5.2 [5] is shown in Figure 1 below. The impacts to 5GC and defined in the CR to TS 23.273 [2] are primarily for Steps 1 and 2: In the Location Service Request from 5GC LCS Entities, from the AMF, or from the UE, a scheduled location time T is included in the request message. The location request including the scheduled location time T is then transferred to an LMF at Step 2. The scheduled location time specifies a time in the future at which a current location of the UE is to be obtained. The impact to RAN specifications is then at Step 3: As part of positioning the UE, the LMF schedules location measurements by the UE and/or by the NG-RAN to occur at or near to the scheduled location time.
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Figure 1: Location Service Support by NG-RAN.

3.	NG-RAN Node and UE Positioning Procedures supporting a Scheduled Location Time
Figure 2 below shows the Multi-RTT positioning procedure as described in TS 38.305 [5] in which the time T for location determination of the UE is scheduled in advance (UL-only and DL-only positioning would use a subset of this procedure accordingly). When a scheduled location time is used, the location procedure can be divided into a Location Preparation Phase (Steps 0 – 8) and a Location Execution Phase (Steps 9 – 11).  
The location preparation phase starts at a time (T – t1) when the LMF received a location request from an AMF and determines the positioning method to be used. The location preparation phase 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 information has been provided to the LMF (UE and/or NG-RAN location measurements or UE location estimate). 
The effective positioning procedure latency in Figure 2 is then determined by the steps comprising the Location Execution Phase only (i.e., between time T and time T+t2 shown in Figure 2). It is noted that the Location Preparation Phase and Location Execution Phase shown in Figure 2 exclude support by the 5GC which would extend out both phases as shown in Figure 1, and thereby increase latency, though this need not affect RAN.
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Figure 2: UL+DL Baseline Positioning Procedure.

3.1	RAN Specification Impacts
Based on the determined positioning method and the location time T provided to the LMF at Step 2 in Figure 1, the LMF determines the available time t1 for the location preparation phase and performs Steps 0–8 in Figure 2 during the time t1 (i.e., before T). The LMF then schedules the location measurements by the UE and/or by the NG-RAN to occur at or near to the scheduled location time T. 
Steps 0 and 1 in Figure 2 can be instigated by the LMF (if needed) at any time before the scheduled location time T.
UL Positioning
Steps 2 – 4 in Figure 2 configures the UE with an UL-PRS (SRS) and provides the SRS configuration information to the LMF. These steps can be performed by the LMF before the required location time T and therefore, does not require specification changes. 
Once the SRS has been configured in the UE and the SRS configuration has been provided to the LMF, the LMF requests UL measurements from the TRPs at Step 6. 
The NRPPa Measurement Request message at Step 6 currently includes the following information [6]:
-	TRP Measurement Request List:
	TRP IDs and search window information
-	Report Characteristics:
	On-demand, or periodic
-	Measurement Periodicity
-	TRP Measurement Quantities:
	gNB Rx-Tx Time Difference, UL-SRS RSRP, UL-AoA, UL-RTOA 
-	SFN initialisation Time:
	Defines the UL-RTOA Reference Time [7]
-	SRS Configuration
-	Measurement Beam Information Request
-	System Frame Number
-	Slot Number
[bookmark: _Hlk67360552]For aperiodic SRS, the NRPPa Measurement Request message includes the SFN/slot number when the UE transmits the aperiodic SRS (which has previously been provided in the Positioning Activation Response to the LMF at Step 5). Since the aperiodic SRS is a "single-shot" SRS, this SFN/slot number defines in principle a "scheduled location time T".
This can be easily generalized to support also longer UL measurement times (i.e., periodic and semi-persistent SRS). The scheduled location time T could be in form of a SFN/slot number (as in case of aperiodic SRS) or more generic (to avoid timing ambiguities) in form of some absolute time. The SFN Initialisation Time of the serving cell can already be provided in the NRPPa Measurement Request defining the time base for the relative TOA. The scheduled location time T could generally be defined relative to this time base. 
The scheduled location time T for the positioning procedures (Step 3 in Figure 1) may have a different format compared to the format used in the Location Request at Step 1 in Figure 1. I.e., the location time requested by an client may be some universal time, but the positioning measurement time may be some radio specific time. A specific format for the "scheduled location time" used for the positioning procedures at Step 3 in Figure 1 could also be determined by RAN1. 
At Step 9b in Figure 2, the gNB(s) obtain the UL location measurements at the time T provided in the NRPPa Measurement Request.

Proposal 1:	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.

DL Positioning
Step 7 in Figure 2 can be instigated by the LMF (if needed) at any time before the scheduled location time T.
The maximum time as measured between receipt of the LPP Request Location Information (Step 8 in Figure 2) and transmission of a LPP Provide Location Information (Step 10 in Figure 2) can be specified by the QoS parameter in LPP IE CommonIEsRequestLocationInformation [8] (Response Time). The Response Time defines the maximum time available for the UE for determining all the requested location information, but does not define a time when the location information should be determined. E.g., a UE may exploit all of the available response time for determining the location information, or may report results as soon as they are available, etc.. Since the Response Time is determined based on the receipt and transmission of LPP messages, there is also some uncertainty due to signalling latency. 
In addition, the LPP Response Time has to take any UE request for mesurement gaps and the resulting configuration of the gaps into account. With a provided scheduled location time T in the LPP Request Location Information at Step 8 in Figure 2, the UE and NG-RAN can be enabled to configure any required measurement gaps before the time T.  
To support a scheduled location time, the LPP Request Location Information could be send at any time before time T and include the scheduled location time T as an additional paramater in LPP IE CommonIEsRequestLocationInformation [8]. This allows an LMF to specify a precise time when the location information is to be obtained, which may be aligned with the DL-PRS periodicity for example.
The scheduled location time T should also allow for UL/DL measurement synchronization (alignment of UL-PRS measurements at the TRPs and the DL-PRS measurements at the UE).
Similar to the NRPPa discussion above, the scheduled location time could be an absolute time (e.g., UTC), or a SFN/slot of the serving gNB, etc. A specific fomat (or formats) for the "scheduled location time" could be determined by RAN1. 
Since a scheduled location time is "common positioning", it should be applicable to all LPP positioning methods (e.g., incl. GNSS etc.).

Proposal 2:	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.
3.2	Latency Analysis
The latency improvement has already been shown in [4] and is repeated in Tables 1-3 below using the RAN2 assumptions [9].
When there is no synchronization to a time T, the positioning procedure latency for the location procedure in Figure 2 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 can be quite substantial as shown in Tables 1 – 3 below.

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 allows substantial 			reduction of latency:
			DL+UL:	Latency reduction of 62-67 %
			UL-only:	Latency reduction of 78-82 %
			DL-only:	Latency reduction of 50-55 %

Table 1: Latency Summary for Baseline UL+DL Positioning.
	Step
	Delay Component
	Delay Value
[ms]
	Delay Value
[ms]
	Comment

	1a.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	-
	

	1b.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	-
	

	2.
	NRPPa Positioning Information Request
	TDL-NRPPa
	13-29
	-
	

	3.
	SRS Configuration
	TSRSConfig
	13-13.5
	-
	

	4.
	NRPPa Positioning Information Response
	TUL-NRPPa
	13-29
	-
	

	5a.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	-
	

	5b.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	-
	

	5c.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	-
	

	6.
	NRPPa Measurement Request
	TDL-NRPPa
	-
	-
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	7.
	LPP Provide Assistance Data
	TLPP-PAD
	28-44.5
	-
	

	8.
	LPP Request Location Information
	TLPP-RLI
	23-39.5
	-
	

	9.
	Measurement gap configuration
	TGapConfig
	18-22
	-
	

	9a.
	DL Measurements
	TDL-Meas
	88.5
	88.5
	RAN1

	9b.
	UL Measurements
	TUL-Meas
	-
	-
	Performed in parallel with DL measurements

	10.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	20-39.5
	

	11.
	NRPPa Measurement Response
	TUL-NRPPa
	-
	-
	Not counted for UL+DL since steps can be performed in parallel (e.g., with LPP signalling)

	12.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	13.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	-
	-
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	14.
	MAC-CE Deactivation
	TMAC-SRS
	-
	-
	

	Total:
	288.5 – 486
	110.5 – 158
	




Table 2: Latency Summary for Baseline UL-only Positioning.
	Step
	Delay Component
	Delay Value
[ms]
	Delay Value
[ms]
	Comment

	1a.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	-
	

	1b.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	-
	

	2.
	NRPPa Positioning Information Request
	TDL-NRPPa
	13-29
	-
	

	3.
	SRS Configuration
	TSRSConfig
	13-13.5
	-
	

	4.
	NRPPa Positioning Information Response
	TUL-NRPPa
	13-29
	-
	

	5a.
	NRPPa Positioning Activation Request
	TDL-NRPPa
	13-29
	-
	

	5b.
	MAC-CE SRS Activation
	TMAC-SRS
	1-3.5
	-
	

	5c.
	NRPPa Positioning Activation Response
	TUL-NRPPa
	13-29
	-
	

	6.
	NRPPa Measurement Request
	TDL-NRPPa
	13-29
	-
	

	9b.
	UL Measurements
	TUL-Meas
	12
	12
	RAN1

	11.
	NRPPa Measurement Response
	TUL-NRPPa
	13-29
	13-29
	

	12.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	13.
	NRPPa Positioning Deactivation
	TDL-NRPPa
	-
	-
	Not counted, since steps can be performed in parallel with other steps (e.g., reporting to client)

	14.
	MAC-CE Deactivation
	TMAC-SRS
	-
	-
	

	Total:
	149 – 322
	27 – 71
	




Table 3: Latency Summary for Baseline DL-only Positioning.
	Step
	Delay Component
	Delay Value
[ms]
	Delay Value
[ms]
	Comment

	1a.
	LPP Request Capabilities
	TLPP-ReqCap
	18-34.5
	-
	

	1b.
	LPP Provide Capabilities
	TLPP-ProCap
	25-54.5
	-
	

	7.
	LPP Provide Assistance Data
	TLPP-PAD
	28-44.5
	-
	

	8.
	LPP Request Location Information
	TLPP-RLI
	23-39.5
	-
	

	9.
	Measurement gap configuration
	TGapConfig
	18-22
	-
	

	9a.
	DL Measurements
	TDL-Meas
	88.5
	88.5
	RAN1

	10.
	LPP Provide Location Information
	TLPP-PLI
	20-39.5
	20-39.5
	

	12.
	Position Calculation
	TLMF-Calc
	2-30
	2-30
	

	Total:
	222.5 –  353
	110.5 – 158
	




4.	Summary
In this contribution we discussed the latency reduction using a scheduled location time based on the incoming LS from SA2 [1] and the SA2 endorsed CR to TS 23.273 [2].
The following observations and proposals are 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 allows substantial 			reduction of latency:
			DL+UL:	Latency reduction of 62-67 %
			UL-only:	Latency reduction of 78-82 %
			DL-only:	Latency reduction of 50-55 %
Proposal 1:	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 2:	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 3:	Send a reply LS to SA2 confirming that RAN2 will add support for a scheduled location time as part 		of Rel-17 and as defined in the CR to TS 23.273 [2].
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