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Introduction
[bookmark: _Hlk53665621]In the RAN#91e meeting, the work item on NR Positioning Enhancements RP-210903[1] was approved. From the latency reduction perspective, the WI includes the following objective:
	· 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 present our views on latency reduction according to the WI scope.
Background
Based on the evaluation result of high layer latency in TR 38.857[2], the DL positioning procedure and the latency value are shown in Figure 8.1.3.1-1 and Table 8.1.3.1-1


Figure 8.1.3.1-1: DL-TDOA/DL-AoD positioning procedure
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
	


It is easily found that there is a big gap between the latency requirement(<10ms, or <100ms) and evaluation result(>200ms). 
In addition, in the SID phase, the following agreement has been reached for reducing the NR positioning latency. And we will discuss the optimizations in the following subsection. And from the RAN2 perspective, the red item should be discussed for latency reduction first.
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-------------------------------------------------------------------

--------------------------------Text Proposal #2------------------------------------------------------------------------
The following enhancements of signaling & procedures for reducing NR positioning latency can be studied and specified, if needed
	Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
	Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
	Latency reduction related to the reporting of the measurements (e.g., CG-based transmission)
----------------------------End of Text Proposal #2-----------------------------------------------------------------

Latency reduction related to Request and Report
Latency reduction related to the request and response by the scheduled location time 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]SA2 has endorsed the attached CR to TS 23.273 to 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). And 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. 
It is noted that the scheduled location time is beneficial because it allows the effective latency only commences at the scheduled location time and can exclude time spent prior to this for sending the location request and scheduling the location measurements. But this is not to solve the delay, but to put the pressure of the delay on the requesting device, it needs the requesting device (such as LCS Client, AF or the UE) to know the future location request in advance. For example, the UE should have a positioning requirement in T, and found the requirement in T-t0, then the scheduled location time may benefit for latency. So, we believe the application scenario is limited and it is only helpful for the use cases which is foreseeable location service in advance and the future scheduled location time is clear and accurate for the service. The low latency service in commercial use case (TS22.261 [3]) and IIoT use case (TS 22.804 [4]) are extracted in following, it is hard to see all cases as foreseeable location service.
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Observation 1: 
· The application scenario of the scheduled location time is limited and it is only helpful for the use cases which is foreseeable location service in advance.
· It is hard to see all low latency services in commercial use case (TS22.261 [3]) and IIoT use case(TS 22.804 [4]) as foreseeable location service.
Proposal 1: 
· The other enhancement except for the scheduled location time should be specified for unforeseeable location service, such as low layer triggered measurement.
Then, in this subsection, we believe the scheduled location time is useful only for foreseeable location service. According to figure 4.1c-1 in TS 23.273, from RAN2 views of point, it needs to be discussed which procedure (or step) in Figure 8.1.3.1-1 should be in the location preparation phase, or which one is the first procedure of the location execution phase. That is, the timing of which procedure is the scheduled location time is needed to be clarified. 


Figure 4.1c-1: Location of a UE using a Scheduled Location Time
Proposal 2: 
· Align the understanding that the timing of which procedure is the scheduled location time. 
There are many options for the procedure corresponding to the scheduled location time:
Option 1: The timing of UE received LPP Request Location Information (the start time of physical layer latency)
Option 2: The timing of the beginning of DL PRS measurement (start of step 7)
Option 3: The timing of performing DL PRS measurement (within step 7)
For us, at least, Option 3 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. 
For Option 1 and Option 2, each has its advantage. For Option 1, the timing of the start time of physical layer latency is easily to be controlled by LMF and the step before Option 1 is easy to be completed in advance to the scheduled time T, so the scheduled location time has a minor impact on specification.
For Option 2, 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 Option 1 for the scheduled location time T, and the reduction of physical layer latency will be discussed in RAN1.
Proposal 3: [bookmark: _Hlk68204429]
· The timing of UE received LPP Request Location Information (the start time of physical layer latency) can be seen as the scheduled location time. 
Latency reduction related to the requesting of the measurements
Low layer triggered requesting of the measurements
In the SI phase, it is observed the latency of step 4 is 23-39.5ms. the low layer triggered requesting of measurement is beneficial for latency reduction since RRC process time and LPP process time can be removed on the UE side. That is, the current LPP request location information can be separated into a UE associated NRPPa information and low layer signaling, the latency of step 4 can be reduced by 10ms. The procedure and the latency reduction are provided in Figure 1 and Table 2.



Figure 1 The procedure of low layer triggered requesting of measurement
Meanwhile, if the requesting of location information can be transmitted by UE associated NRPPa information, the potential requesting of MG and PRS measurement information can be transmitted to gNB, then the Step 5 RRC Location Measurement Indication can be merged into Step 4 and the latency of step 5 can be reduced to zero.
Table 2 The latency evaluation of R16technique and the enhancement 
	Step
	Delay and Description of R16 Latency Component [ms]
	Low layer triggered requesting of Location information & Measurement gap

	Step 4 LPP Request Location Information
	23-39.5ms
Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo       5ms
-	TUEProc-LPPLocationRe  5ms
-	gNB: TgNBProc-NAS/LPP 3ms
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF
	13-29.5ms
Processing delays: 9 ms
-               UE: 
-	TUEProc-RRCDLInfo             0ms 
-	TUEProc-LPPLocationRe       0ms
-	gNB: TgNBProc-NRPPa 
-	AMF: TAMFProc
-	LMF: TLMFProc
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB      0-0.5ms
-	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
	0
if the request location information includes the MG request information


Observation 2: 
· The low layer triggered the request of location information can reduce by 15-18ms
A new NRPPa procedure (such as NRPPa request location information) should be specified for the above low layer triggered requesting of location information. Except for that, form RAN2 perspective, new low layer signaling needed to be specified and gNB can configure MG based on the requesting of location information from NRPPa.
Proposal 4: 
· The request of the measurement via RRC signaling, MAC-CE and/or physical layer procedure should be supported.
The priority of the requesting of measurement
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In addition, in the above latency evaluation, the CCSF is assumed as 1. However, in some cases, the MG needs to be shared with other candidates, such as RRM measurement, and the CCSF will bigger than one. Then, the DL PRS measurement time will be extended by CSSF. Therefore, we propose to consider priority indications for the calculation of CCSF. When Step 5 RRC Location Measurement Indication can be merged into Step 4, adding the priority indication in the request of location information is helpful for latency reduction.
In addition, accuracy and power consumption for PRS measurement is part of objectives in this SI. From our point of view, the priority rules can also be used for PRS measurements from multiple frequency layers and multiple resources. In Rel 16, only the priority of TRP and set are defined. There is no conclusion about the priority of frequency layers and resources, we believe it is because the requirement of different UE is different, it is difficult to provide a common priority for all UE. So, the priority rules of multiple frequency layers and resources in the UE specific request of location information are helpful for the accuracy and power consumption for PRS measurement.  
In addition to measurement, priority rules may also be used for location reports. For instance, the UE may report high-priority location information using the method with low latency such as containing location information in early fix report.  Thus, the LMF can obtain important location information earlier.
To reduce latency and power consumption, priority rules for positioning measurement and report should be supported.
Proposal 5: 
· Priority rules for positioning measurement and report should be supported in Rel-17 positioning.

Latency reduction related to the MG
In RAN4,” NR and MR-DC measurement gap enhancements” are being discussed. It involves pre-configuration MG, multiple MG and Network controlled small gap. The enhancement is for optimizing the efficiency of RRM functionalities, and pre-configuration MG is for fast MG configuration. 
In addition, the mismatch of the period/length between MG and PRS may lead to larger latency, lower accuracy or waste of resources. In current specification, MG repetition period includes{20, 40, 80, 160}ms, and MG length is {1.5, 3, 3.5, 4, 5, 5.5, 6,10,20}ms.  It is also noted that 10ms only used for 80ms periodicity and 20ms is for 160ms periodicity. For PRS period, it takes values of {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}slots, where for SCS=15, 30, 60 and 120kHz respectively.  If the unit is converted to ms, the period of PRS can be configured such as {4, 5, 8, 10, 16, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}ms.  For PRS duration, the duration of continuous PRS at least depends on the following parameters: DL-PRS-ResourceRepetitionFactor, DL-PRS-ResourceTimeGap, DL-PRS-NumSymbols, DL-PRS-MutingPattern and number of PRS resources within a PRS resource set. We illustrate some typical cases in following table. It can be seen that both length and period of MG do not perfectly match the PRS. So pre-configuration and PRS-associated MG can mitigate the mismatch of the period/length between MG and PRS and will be helpful for latency reduction Mitigating.
Table 3 Ilustrations of duration of continuous PRS
	FR/SCS
	DL-PRS-NumSymbols
	DL-PRS-ResourceRepetitionFactor
	DL-PRS-ResourceTimeGap
	Number of PRS resources per set
	Total duration (ms)

	FR1/15kHz
	12
	8
	1
	1
	8

	FR1/15kHz
	12
	8
	4
	4
	32

	FR1/15kHz
	6
	4
	2
	4
	8

	FR1/15kHz
	6
	2
	4
	8
	8

	FR1/30kHz
	12
	32
	1
	1
	16

	FR2/60kHz
	6
	4
	32
	64
	24

	FR2/120kHz
	6
	4
	32
	64
	12



Besides, the MG for dense PRS has been supported in LTE, it is can be seen as a start point for specifying pre-configuration and PRS-associated MG.
	TS 36.331 5.5.2.9.a
The UE shall:
1>	if measGapConfigDensePRS is set to setup:
2>	setup the measurement gap configuration indicated by the measGapConfigDensePRS in accordance with the received gapOffsetDensePRS, i.e., the first subframe of each gap occurs at an SFN and subframe meeting the following condition:
SFN mod T = FLOOR(gapOffsetDensePRS/10);
subframe = gapOffsetDensePRS mod 10;
with T = MGRP/10 as defined in TS 36.133 [16];



Therefore, pre-configuration and PRS-associated MG should be supported for the NR positioning enhancement. 
Proposal 6: 
· Pre-configured and PRS-associated MG should be supported for NR positioning.

Latency reduction related to the reporting of the measurements
If the scheduled location time will be adopted, the appropriately configured grant for location report also can be configured in advance of the timing, where the timing can be the scheduled location time T, or the scheduled location time T +t2, where t2 is DL measurement time and processing time of location reporting.
For the two types of transmission without dynamic grant:
-  configured grant Type 1 and configured grant Type 2, should be configured in advance of the timing;
-  configured grant Type 2, maybe the activation also in advance of the timing.
So, we propose 
Proposal 7: 
· The UL grant for location reporting should be configured in advance of the timing.
Once the above UL grant is configured for positioning, we should guarantee that position information can be mapped to the grant preferentially. Currently, MAC entity allocates resources following the logical channels priority list, priority and allowedPHY-PriorityIndex-r16 in RRC. Where the allowedPHY-PriorityIndex-r16 restrict the MAC SDUs from this logical channel can only be mapped to the dynamic grants indicating PHY-priority index equal to the values configured by this field. Logically, adding a new indication that allows the logical channel for positioning priority mapping to the configured grant for positioning is beneficial for location reporting.

  

	allowedPHY-PriorityIndex
This restriction applies only when the UL grant is a dynamic grant. If the field is present and the dynamic grant has a PHY-priority index, UL MAC SDUs from this logical channel can only be mapped to the dynamic grants indicating PHY-priority index equal to the values configured by this field. If the field is present and the dynamic grant does not have a PHY-priority index, UL MAC SDUs from this logical channel can only be mapped to this dynamic grant if the value of the field is p0, see TS 38.213 [13], clause 9. If the field is not present, UL MAC SDUs from this logical channel can be mapped to any dynamic grants. Corresponds to "allowedPHY-PriorityIndex" as specified in TS 38.321 [3].



So, we propose 
Proposal 8: 
· Adding a new indication in ConfiguredGrantConfig IE and/ or LogicalChannelConfig that allows the logical channel for positioning priority mapping to the above UL grant for positioning.
Conclusion
In this contribution, we discuss latency reduction with the following observations and proposals:
Observation 1: 
· The application scenario of the scheduled location time is limited and it is only helpful for the use cases which is foreseeable location service in advance.
· It is hard to see all low latency services in commercial use case (TS22.261 [3]) and IIoT use case(TS 22.804 [4]) as foreseeable location service.
Observation 2: 
· The low layer triggered the request of location information can reduce by 15-18ms

Proposal 1: 
· The other enhancement except for the scheduled location time should be specified for unforeseeable location service, such as low layer triggered measurement.
Proposal 2: 
· Align the understanding that the timing of which procedure is the scheduled location time.
Proposal 3: 
· 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 4: 
· The request of the measurement via RRC signaling, MAC-CE and/or physical layer procedure should be supported
Proposal 5: 
· Priority rules for positioning measurement and report should be supported in Rel-17 positioning.
Proposal 6: 
· Pre-configured and PRS-associated MG should be supported for NR positioning.
Proposal 7: 
· The UL grant for location reporting should be configured in advance of the timing.
Proposal 8: 
· Adding a new indication in ConfiguredGrantConfig IE and/ or LogicalChannelConfig IE that allows the logical channel for positioning priority mapping to the above UL grant for positioning.
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Annex
[bookmark: _Hlk65070627]Table 5.2.3.1.2-1: 	Latency Components[2]
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TUEProc-RRCReconf
	10
	RRC Reconfiguration processing

	TUEProc-RRCDLInfo
	5
	RRC DL information transfer 

	TUEProc-RRCULInfo
	2-5
	RRC UL information transfer

	TUEProc-RRCLocationMeas
	2-5
	RRC Location Measurement Indication

	TUEProc-LPPCapab
	10-20
	LPP Provide Capabilities

	TUEProc-LPPAssi
	10
	LPP Provide Assistance Data

	TUEProc-LPPLocationRe
	5
	LPP Request/Provide Location Information

	TUEProc-MAC-SRSAct
	1-3
	MAC-CE SRS Activation/Deactivation

	TgNBProc-RRC
	3
	RRC Processing

	TgNBProc-NRPPa
	3
	NRPPa Processing

	TgNBProc-NAS/LPP
	3
	NAS/LPP Processing

	TAMFProc
	3
	AMF Processing

	TLMFProc
	3
	LMF Processing

	Signalling Propagation Delays between Nodes

	TUE-gNB
	0-0.5
	

	TgNB-AMF
	3-10
	

	TAMF-LMF
	1-10
	

	TAMF-GMLC
	3-10
	

	Positioning Measurement Latencies

	TLMF-Calc
	2-30
	Position Calculation latency

	TDL-Meas
	88.5
	Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings.

	TUL-Meas
	12
	SRS for positioning measurement time of 12 ms can be achieved under certain SRS for positioning configuration settings depending on the frame configuration.
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