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1	Introduction
The objectives of WI NR_pos_enh include accuracy improvement in WID [1]:
· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]
RAN2 discussed the schedule time in the LS from SA2 and sent reply LS back toSA2 [2].
In this contribution, we provide some analysis and discussion on the schedule time for latency reduction.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2	Discussion
[bookmark: _Ref60754681]At SA2 #143-e meeting, a CR was written along with an LS sent to RAN2 [3], where it is mentioned that a Scheduled Location Time was introduced into the corresponding specification of R17. Companies have different understanding on the definition of scheduled location time and the reply LS was send back to SA2 [2]. The scheduled location time is provided by a requesting LCS Client, AF or the UE and transferred to the LMF, which then interacts with the NG-RAN and/or UE to schedule the location measurements at the scheduled location time. 
Observation 1: The scheduled location time is provided by a requesting LCS Client, AF or the UE and transferred to the LMF. The scheduled location time requires the moment at which UE’s location is.
For LCS client, the scheduled location time means the moment at which UE’s location is which is not relative to measurement controled by LMF. For LMF, the scheduled location time is relative to measurement because the calculated location is based on the measurement results. So LCS client requires the scheduled location time but LMF schedules the measurement time. From latency reduction perspective, the benefit of the scheduled location time may reduce the latency of providing assistant data ahead of the location request. LMF can provide the assistant data and send the location request to UE ahead of the scheduled location time by itself. It’s up to LMF to schedule the assistant data and measurement time to gNB or UE.
2.1 Latency reduction in UE-Assited mode 
- UL and Multi-RTT positioning methods
Time budget of UE-Assisted UL positioning methods can be found as below [4]:
Table 8.1.3.2-1: Latency performance analysis for UE assisted UL-TDOA and UL-AoA
	Step
	Delay Value [ms]
	Description of Latency Component

	Step 1 LPP Request capabilities
	18-34.5
	Processing delays: 14 ms
-	UE: TUEProc-RRCDLInfo
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF 
Note 1: the LPP capability processing delay is counted together in response message. 
Note 2: Should not be counted if the LMF does not need the capability, e.g. only use Rel-15 SRS for UL positioning.

	Step 2 LPP Provide Capabilities
	25-54.5
	Processing delays: 21-34 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPCapab
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 3 NRPPa POSITIONING INFORMATION REQUEST
	13-29
	Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 4 RRC SRS configuration
	13-13.5
	Processing delays: 13 ms
-	UE: TUEProc-RRCReconf
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB
Note 3: Should not be counted if the SRS configuration has been configured before the procedure.

	Step 5 NRPPa POSITIONING INFORMATION RESPONSE
	13-29
	Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 6 NRPPa Request UE SRS activation
	13-29
	Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
Note 4: Should not be counted if the periodic SRS is used.

	Step 7 MAC Activate UE SRS transmission
	1-3.5
	Processing delays: 1-3ms
-	UE: TUEProc-MAC-SRSAct 
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB
Note 5: Should not be counted if the periodic or aperiodic SRS is used.

	Step 8 NRPPa Request UE SRS activate Response
	13-29
	Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
Note 6: Should not be counted if the periodic SRS is used.

	Step 9 NRPPa MEASUREMENT REQUEST
	13-29
	Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF


	Step 10 UL SRS measurement
	12
	TUL-Meas

	Step 11 NRPPa MEASUREMENT RESPONSE
	13-29
	Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF


	Step 12 LMF calculation
	2-30
	TLMF-Calc

	Total values
	149-322
	


There are two options for LMF to schedule the time budget in UE-Assisted positioning methods.
· Option 1: LMF schedule the Step 1-9 ahead of the scheduled location time by itself to meet the scheduled location time from SA2.
· Option 2: Based on option 1, LMF also may forward the scheduled location/mesaurement time to gNB directly. So gNB can schedule the Step 4 ahead of the scheduled mesaurement time to meet the request from SA2.
For option 1, when LMF is required as the scheduled location time, it may schedule the providing assistant data and requesting location info ahead of the scheduled location time with the time budget, so UE/gNB may report the measurement in time.  For option 2, there is no more latency reduction even if gNB get the scheduled measurement time from LMF because all steps after Step 4 (RRC SRS configuration) rely on step 4.
Proposal 1: For the solution of latency optimization from SA2, neither the scheduled location, nor the scheduled measurement time will be forwarded to gNB from LMF in UL positioning methods of UE-Assisted mode. 
- DL positioning methods
Time budget of UE-Assisted DL positioning methods can be found as below:
Table 8.1.3.1-1: Latency performance analysis for UE assisted DL-TDOA and DL-AoD
	Step
	Delay Value [ms]
	Description of Latency Component

	Step 1 LPP Request capabilities
	18-34.5
	Processing delays: 14 ms
-	UE: TUEProc-RRCDLInfo
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
Note 1: the LPP capability processing delay is counted together in response message.

	Step 2 LPP Provide Capabilities
	25-54.5
	Processing delays: 21-34 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPCapab
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 3 LPP Provide Assistance Data
	28-44.5
	Processing delays: 24 ms
-	UE: 
-	TUEProc-RRCDLInfo
-	TUEProc-LPPAssi
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 4 LPP Request Location Information
	23-39.5
	Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 5 RRC Location Measurement Indication
	5-8.5
	Processing delays: 5-8 ms
-	UE: TUEProc-RRCLocationMeas
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	Step 6 RRC Measurement Gap configuration
	13-13.5
	Processing delays: 13 ms
-	UE: TUEProc-RRCReconf
-	gNB: TgNBProc-RRC
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	Step 7 DL PRS measurement
	88.5
	TDL-Meas

	Step 8 LPP Provide Location Information
	20-39.5
	Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 9 LMF calculation
	2-30
	TLMF-Calc

	Total values
	222.5-353
	


There are also two ways for LMF to schedule the time budget in UE-Assisted positioning methods.
· Option 1: LMF schedule the Step 1-4 ahead of the scheduled location time by itself to meet the scheduled location time from SA2.
· Option 2: Based on option 1, LMF also may forward the scheduled location/measurement time to gNB/UE directly. So UE can schedule the Step 5 ahead of the scheduled time.
For option 1, when LMF is required as the scheduled location time, it may schedule the providing assistant data and requesting location info ahead of the scheduled location time with the time budget, so UE may report the measurement in time.  For option 2, there is no more latency reduction if UE gets the scheduled measurement time from LMF because Step 5 (RRC Location Measurement Indication) may follow the step 4 in sequence.
Proposal 2: For the solution of latency optimization from SA2, neither the scheduled location, nor the scheduled measurement time will be forwarded to UE/gNB from LMF in DL positioning methods of UE-Assisted mode. 
For the periodic positioning procedure, combined with the previous discussions of RAN2, the main purpose of the scheduled location time is to enable the assistance data to be configured in advance, so that in execution phase the total response time can be reduced, but for the deferred 5GC-MT-LR procedure, assistance data itself can be sent along with location request message to UE, so for the subsequent periodic measurement report, the extra time to obtain assistance data is already avoided. From the reduction of periodic reporting latency point of view, it seems unnecessary to introduce the additional scheduled location time in UE side. The benefit of scheduled measurement time is not clear.
Considering latency reduction via pre-configured DL PRS assistance information, pre-configured SRS configuration info, or enhancement on deferred MT-LR procedure, the scheduled location time won't be forwarded to UE in UE-Assisted mode. RAN2 should further discuss the impact of these optimizations on RAN2 specification and the necessity of the scheduled location time.
Proposal 3: From the reduction of periodic reporting latency point of view, the additional scheduled location time will not be introduced to UE in UE-Assisted mode.
2.2 Latency reduction in UE-Based mode 
The latency reduction because of the scheduled location time will be analyzed within UE-Based and UE-Assisted mode here.
-	UE-Based: 
The time budget of UE-Based positioning methods may follow UE assisted DL-TDOA and DL-AoD above.
There are two ways for LMF to schedule the time budget in UE-Based positioning methods.
· Option 1: LMF schedule the Step 1-4 ahead of the scheduled location time by itself to meet the scheduled location time from SA2.
· Option 2: Based on option 1, LMF also may forward the scheduled location time to UE directly and it’s up to UE to schedule the measurement time. So UE can schedule the Step 9 ahead of the scheduled location time to meet the request from SA2.
The latency of location calculation in UE side is not clear for LMF because different UEs have different performance of latency of location calculation.  It’s hard for LMF to get the accurate time budget to schedule the location time. So LMF may forward the scheduled location time to UE when UE is responsible for calculating the location info. 
Proposal 4: For the solution of latency optimization from SA2, the scheduled location time may be forwarded to UE from LMF in UE-Based mode.
3	Conclusion
Based on the discussions in section 2, the following observations and proposals have been made:
Observation 1: The scheduled location time is provided by a requesting LCS Client, AF or the UE and transferred to the LMF. The scheduled location time requires the moment at which UE’s location is.
Proposal 1: For the solution of latency optimization from SA2, neither the scheduled location, nor the scheduled measurement time will be forwarded to gNB from LMF in UL positioning methods of UE-Assisted mode. 
Proposal 2: For the solution of latency optimization from SA2, neither the scheduled location, nor the scheduled measurement time will be forwarded to UE/gNB from LMF in DL positioning methods of UE-Assisted mode. 
Proposal 3: From the reduction of periodic reporting latency point of view, the additional scheduled location time will not be introduced to UE in UE-Assisted mode.
Proposal 4: For the solution of latency optimization from SA2, the scheduled location time may be forwarded to UE from LMF in UE-Based mode.
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