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[bookmark: _Ref528762725]1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the WID [1], one objective of Rel-17 NR positioning enhancements is:
· 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]
In this contribution, we provide some analysis and discussion on latency improvement of positioning measurements and positioning assistance data.
2 Discussion
Based on the LS of SA2 [2], the concept and specification impact of a scheduled location time were discussed at the last RAN2 meeting, but there was no consensus. Therefore, RAN2 decided to send a reply LS to SA2 [3] to further clarify the concept of a scheduled location time and its application scenario.
Further clarification needs to wait the results of SA2, but the potential impact on NRPPa can be analyzed and discussed in RAN3.
One understanding is: in case UE moves, its position is constantly changing with time, while the client only expect to know position of the UE at a specific time point or near it.
Considering that the acquisition of UE position involves many network elements, e.g., LMF, gNB, UE, etc. Also, there are many factors that affect the positioning measurement result, e.g., the selection of positioning methods, configured PRS/SRS periodicity, etc. Therefore, there are two possible options to be considered by RAN3.
Firstly, as positioning calculation center, LMF is responsible for initiating all positioning procedures, so it can control this location time point, for example, before the specified time point, the LMF trigger positioning assistance data transmission procedure and UE positioning capability procedure. And then, at the moment closest to this time point, a location measurement procedure can be initiated for a specific location method, with the aim of ensuring that the location results for the UE are as close as possible to the time specified by the client. 
The option has minimal impact on the specification of RAN. From the LMF point of view, there is no need to transmit any time-related information to gNB, or UE, so the impact on NRPPa would be negligible.
Observation 1: If LMF controls this location time point specified by client, the impact on NRPPa would be negligible.
Secondly, the LMF can signal this location time point to specific location measurement entities, e.g., gNB or/and UE, which ensure that the location measurement results for the UE are as close as possible to the time specified by the client. The advantage of the option is that the location measurements can be triggered at a more precise time point than for option 1, but it requires the introduction of some impacts on the specification of RAN.
For NRPPa, it is necessary to introduce the time T for specific positioning methods, e.g., UL-AOA, UL-TDOA, Multi-RTT, etc., so that gNB can initiate the positioning measurement at the specified time point.
Observation 2: If LMF signal this location time point to specific location measurement entities, e.g., gNB or/and UE, the time T should be introduced to NRPPa: Positioning measurement request/response procedure.
As mentioned above, the two options are basically dependent on SA2's definition of the concept of a scheduled location time and the corresponding service requirements. Therefore, RAN3 is proposed to wait for further discussion by SA2 to determine which technical solution to be adopted.
Proposal 1: RAN3 to wait for further discussion by SA2 to determine which technical solution of scheduled location time to be adopted.
The second issue related to RAN3 is about CG based optimization, specifically, grant free UL Transmission enables reduce UL transmission delays. If this CG based option can be used for PRS period reporting, then signals and multiple configuration latency can be saved. And this pre-allocated grant should adapt to the PRS period, so the best latency result is performed. Based on the solution, PRS period related information should be allowed to transfer between LMF and gNB. But from the last RAN2 discussion [4], Rapporteur proposed: 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. Obviously, these technical features have not yet been evaluated and verified by RAN2. Therefore, it is proposed that RAN3 waits for further discussion of RAN2 to determine the impact on NRPPa specification.
Proposal 2: RAN3 to wait for further discussion by RAN2 to determine the impact of CG based optimization on NRPPa specification.
3 Conclusion
In the previous sections we made the following observations and proposals:
Observation 1: If LMF controls this location time point specified by client, the impact on NRPPa would be negligible.
Observation 2: If LMF signal this location time point to specific location measurement entities, e.g., gNB or/and UE, the time T should be introduced to NRPPa: Positioning measurement request/response procedure.
Proposal 1: RAN3 to wait for further discussion by SA2 to determine which technical solution of scheduled location time to be adopted.
Proposal 2: RAN3 to wait for further discussion by RAN2 to determine the impact of CG based optimization on NRPPa specification.
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[bookmark: _GoBack]5. Annex
8.1.3.2	Latency analysis for UL-TDOA/UL-AoA
Referred to [27], Figure 8.1.3.2-1 shows the messaging between the LMF, the AMF, the gNBs and the UE to perform UL-TDOA and UL-AoA procedure.


Figure 8.1.3.2-1: UL-TDOA/UL-AoA positioning procedure
The latency performance analysis for UE assisted UL-TDOA and UL-AoA are provided in table 8.1.3.2-1.
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= 1-10 ms
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 5: Should not be counted if the periodic SRS is used.

	Step 7 MAC Activate UE SRS transmission
	1-3.5
	Processing delays: 13ms
-	UE: TUEProc-MAC-SRSAct 
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB
Note 6: 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 7: 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
	




[bookmark: _Hlk60907186]8.1.3.3	Latency analysis for Multi-RTT
Referred to [27], Figure 8.1.3.3-1 shows the messaging between the LMF, the AMF, the gNBs and the UE to perform Multi-RTT procedure.


Figure 8.1.3.3-1: Multi-RTT positioning procedure
The latency performance analysis for UE assisted Multi-RTT are provided in table 8.1.3.3-1.
Table 8.1.3.3-1: Latency performance analysis for UE assisted Multi-RTT
	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 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 5: Should not be counted if the periodic SRS is used.

	Step 7 MAC Activate UE SRS transmission
	1-3.5
	Processing delays: 13ms
-	UE: TUEProc-MAC-SRSAct 
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB
Note 6: 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 7: 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
Note 8: Step 9 (NRPPa Measurement Request) can be performed in parallel with Steps 10/11 (LPP signalling). Hence, only the bigger number of the two procedures are considered (i.e., the latency for NRPPa Measurement Request is not counted in the summation).

	Step 10 LPP Provide Assistance Data
	28-44.5
	Processing delays: 21-34 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 11 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 12 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 13 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 14 a DL PRS measurement
	88.5
	TDL-Meas

	Step 14 b UL SRS measurement
	12
	TUL-Meas
Note : Step 14b (UL SRS measurement) can be performed in parallel with Step 14 a (DL PRS measurement). Hence, only the bigger number of the two procedures are considered (i.e., the latency for UL SRS measurement is not counted in the summation).

	Step 15 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 16 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
Note 9: Step 16 (NRPPa Measurement Response) can be performed in parallel with Step 15 (LPP Provide Location Information). The UL- and DL- measurements are made concurrently, hence the results are send at about the same time. Only the bigger number of the two procedures need to be considered (i.e., the latency for NRPPa Measurement Response is not counted in the summation).

	Step 17 LMF calculation
	2-30
	TLMF-Calc

	Total values
	288.5-486
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