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1. Introduction
[bookmark: _Hlk46842767][bookmark: Proposal_Pattern_Length]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) [1]and RAN2 has discussed this topic during 113-bis-e meeting and provided RAN2 questions to SA2 in R2-2104420[2].
	RAN2 would first like to understand what the CR describes. Please see below for RAN2 questions:

1.	Definition of "scheduled location time":
	The definition of scheduled location time is not fully clear to RAN2 since the SA2 endorsed CR describes the scheduled location time differently in different parts of the CR and there is a different description of scheduled location time in the SA2 LS itself. RAN2 would like to have a clear definition of scheduled location time first as this may impact what is signalled to UE and/or NG-RAN. Please see below for detailed comments:
	In section 4.1c it says "The request includes the scheduled location time T" which is described as the start of location preparation phase. So, time T is the scheduled location time. 
	Section 4.1c also says "the scheduled location time allows an external LCS Client, AF or the UE to specify a time in the future at which a current location of the UE is to be obtained". However, in Figure 4.1c-1, the time when the LCS client, AF or UE obtains the location is T+t2. The time T in the figure is shown as the time at which the UE or NG-RAN obtains the location measurements.
	The SA2 LS description also states "…support scheduling of location of a target UE in advance using a scheduled location time at which location measurements for the target UE would be obtained by the UE (in the case of DL measurements) and/or NG-RAN (in the case of UL measurements)". This seem to align with the time T in Figure 4.1c-1 which show it as a scheduled measurement time.
	In section 6.3.1, step 25 describes the scheduled location time as the time at which the LMF must obtain the UE location, not the time at which the LCS client receives the location or the time at which the LMF schedules the measurement.

2.  	In section 6.1.2, there is the following editor’s note:
		"Editor's note: Feedback from RAN is needed to verify whether location measurements can be scheduled 		to occur at a UE or NG-RAN at a specific scheduled location time."
	Please clarify the requirement whether measurements in UE/NG-RAN need to be scheduled at the scheduled location time received from 5GC or at a time before the scheduled location time received from 5GC.

3.	Can SA2 clarify the time format used for the scheduled location time T which is provided to an LMF (e.g., UTC, etc.)?

4.	For a Deferred 5GC-MT-LR for periodic location events, RAN2's understanding is that a scheduled location time may apply for the first periodic location report only. For each succeeding periodic location report, the 
	"scheduled location time" is equivalent to the periodic reporting interval. Please confirm whether RAN2's understanding is correct, or whether different location times T can apply for succeeding periodic location reports. 

5.	Clause 4.1c says "A scheduled location time can be used with a 5GC-MT-LR, 5GC-MO-LR or deferred 5GC-MT-LR for periodic or triggered location events."
	RAN2 would like to understand how a scheduled location time can be applicable to triggered location events given its sporadic nature.
 



In this contribution, we present our understanding of these questions and analyze how scheduling timer works for latency.
1. Discussion
Background Discussion
As part of the NR positioning enhancements SI, RAN2 analyzed the overall positioning procedure for various mechanisms in terms of the overall latency, specifically focusing on the radio layer aspects and the messaging between the LMF/AMF, gNB, and the UE. This overall signaling flow and the associated latency for the individual signaling components are captured in figure 1 of  TR 38.857[3] for reference. 



Figure 1 Signaling flow for DL positioning procedure
Also, in TS38.357 section 8.1.3, the latency of these steps is summarized. From the table, we can find that if we preconfigure UE capabilities and assistant data, latency can be extremely reduced. 

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
	


In this way, the positioning assistance data information should be provided to the UE well in advance of when the UE is expected to perform the measurements. To this end, the LMF can trigger the existing LPP/NRPPa procedures to provide the UE with this data before the need for triggering positioning measurements. The LMF can interact with NG-RAN nodes to provide the assistance data information for broadcasting to be included in the positioning SIBs.  
Observation 1:	Existing LPP/NRPPa and RRC procedures can be utilized for pre-configuration of positioning assistance data for measurements to the UE.
In [1]SA2 has sent an LS to RAN2 detailing the introduction of scheduled location time, whereby the overall location estimation phase is effectively split into two phases (as evidenced in figure 2 coped from the LS below): 
Location preparation phase where the location related request can be sent by an LCS client, AF or UE to request the location of a UE, including a scheduled time in the future where the location may need to be determined.
Location execution phase, where the NG-RAN and/or UE perform measurements to determine the location at or close to the scheduled time.


[bookmark: _GoBack]Figure 2 Location procedure using scheduled location time
Regarding figure 2, it is proposed T is a time slot end of the location preparation phase and in advance of the location execution phase.
Observation 2:	T is a time slot end of the location preparation phase and in advance of the location execution phase.
Remain issues analysis
1.	Definition of "scheduled location time":
	The definition of scheduled location time is not fully clear to RAN2 since the SA2 endorsed CR describes the scheduled location time differently in different parts of the CR and there is a different description of scheduled location time in the SA2 LS itself. RAN2 would like to have a clear definition of scheduled location time first as this may impact what is signalled to UE and/or NG-RAN. Please see below for detailed comments:
	In section 4.1c it says "The request includes the scheduled location time T" which is described as the start of the location preparation phase. So, time T is the scheduled location time. 
	Section 4.1c also says "the scheduled location time allows an external LCS Client, AF or the UE to specify a time in the future at which a current location of the UE is to be obtained". However, in Figure 4.1c-1, the time when the LCS client, AF or UE obtains the location is T+t2. The time T in the figure is shown as the time at which the UE or NG-RAN obtains the location measurements.
	The SA2 LS description also states "…support scheduling of location of a target UE in advance using a scheduled location time at which location measurements for the target UE would be obtained by the UE (in the case of DL measurements) and/or NG-RAN (in the case of UL measurements)". This seems to align with the time T in Figure 4.1c-1 which shows it as a scheduled measurement time.
	In section 6.3.1, step 25 describes the scheduled location time as the time at which the LMF must obtain the UE location, not the time at which the LCS client receives the location or the time at which the LMF schedules the measurement.
In R2-2104498[4], it is summarized companies’ opinions on T into 3 options:
	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])



Here is vivo’s view on this topic:
 “The scheduled location time can be defined in relation to the reception of a measurement request message; e.g., LPP Request Location Information”
In our proposal, the timing of the start time of physical layer latency is easily to be controlled by LMF and the step before is easy to be completed in advance to the scheduled time T, so the scheduled location time has a minor impact on specification.
For us, at least, the timing of performing measurement is inappropriate since it requires PRS to be transmitted in any scheduled location time that requesting by LCS Client, AF or the UE and transferred to the LMF. Includes measurement, it can exclude more procedure and reduce more latency (ie, step 5 and step 6), but it needs to specify more detail to achieve as following steps and has too much uncertainty, for example, if UE received LPP Request Location Information with a scheduled location time T at T-0.5ms, what should UE do? There are also listed the potential item that needs to be specified:
Item 1:   The scheduled location time T should be defined and transmitted to UE or gNB;
Item 2:   The UE procedure will be a change for UE to request MG or initial on-demand PRS before scheduled location time T
Item 3:  Different procedures may be needed for the R16 PRS measurement or on-demand PRS measurement.
Therefore, we prefer the reception of a measurement request message for the scheduled location time T, and the reduction of physical layer latency will be discussed in RAN1.
Proposal 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.

2.  	In section 6.1.2, there is the following editor’s note:
		"Editor's note: Feedback from RAN is needed to verify whether location measurements can be scheduled 		to occur at a UE or NG-RAN at a specific scheduled location time."
	Please clarify the requirement whether measurements in UE/NG-RAN need to be scheduled at the scheduled location time received from 5GC or at a time before the scheduled location time received from 5GC.
3.	Can SA2 clarify the time format used for the scheduled location time T which is provided to an LMF (e.g., UTC, etc.)?
As we mentioned in quesion1, we think time T is not related to measurement but the time when UE received location request. T is transparent to UE. In this way, T is neither the time start nor before measurement.
Proposal 2:	T is provided  from LMF by NRPPa, and should be transparent to UE.

4.	For a Deferred 5GC-MT-LR for periodic location events, RAN2's understanding is that a scheduled location time may apply for the first periodic location report only. For each succeeding periodic location report, the 
	"scheduled location time" is equivalent to the periodic reporting interval. Please confirm whether RAN2's understanding is correct, or whether different location times T can apply for succeeding periodic location reports. 
In 23.273[5] the period location events are defined for location reporting for periodic, triggered or UE available location events. The LCS service request may specify the validity time, i.e. start time and stop time, for the deferred location request and R-GMLC may cancel the deferred location request as described in clause 9.1.9.1. In addition, when the validity time of a pending area event request in the target UE expires, the UE shall delete the pending deferred location request. The LCS Service Request shall contain an indication of the minimum interval time between area event reports, if applicable. The LCS service request shall contain the information whether the deferred area event may be reported one time only, or several times. If the change of area event is reported one time only, the Location Service request shall be completed after the first area event has occurred. If the target area is expressed by local coordinate system or geopolitical name, the R-GMLC shall convert the target area to geographical area expressed by a shape defined in TS 23.032 [11]. In addition to the target area definition, the LCS Client may include the country code of the target area in the area event request.
Similar to this description, the scheduling location time should also support both one time only and several times by indication contained in the request.
Proposal 3:	Scheduled Location Time can support report one time and several times by indicating in location request.

5.	Clause 4.1c says "A scheduled location time can be used with a 5GC-MT-LR, 5GC-MO-LR or deferred 5GC-MT-LR for periodic or triggered location events."
	RAN2 would like to understand how a scheduled location time can be applicable to triggered location events given its sporadic nature.
As we discussed in question 4, the deferred time is a valid period of UE event trigger or periodic location report, while in the SA2 LS, it required a time that could preconfigure UE capability and location assistant data to reduce latency. If we choose T as proposal 1 and proposal 2 that the timing of UE received LPP request and T is transparent, then it is possible to give its sporadic nature. And we won’t need to worry about question 5.
Observation 3:	Question 5 can be resolved if we support the proposal 1 and proposal 2.
1. Conclusion
This contribution discusses the objective of latency reduction enhancements related to the request and response of positioning assistance data and makes the following observations and proposals:
Observation 1:	   Existing LPP/NRPPa and RRC procedures can be utilized for pre-configuration of positioning assistance data for measurements to the UE.
Observation 2:	   T is a time slot end of the location preparation phase and in advance of the location execution phase.
Proposal 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 2:	  T is provided  from LMF by NRPPa, and should be transparent to UE.
Proposal 3:	     Scheduled Location Time can support both report one time and several times by indicating in the location request
Observation 3:	    Question 5 can be resolved if we support the proposal 1 and proposal 2.
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Note 1: For a deferred MT-LR, steps 1 and 2 are not needed as an LMF only needs to obtain the UE capabilities once.
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