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[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 RAN1#103e meeting, the requirements of Rel-17 positioning were agreed as follows, where the physical layer latency requirement is <10ms.
	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs
· End-to-end latency for position estimation of UE (< 100 ms)
· Physical layer latency for position estimation of UE (< 10 ms)
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< 0.2 m) for 90% of UEs 
· Vertical position accuracy (< 1 m) for 90% of UEs 
· End-to-end latency for position estimation of UE (< 100ms, in the order of 10 ms is desired)
· Physical layer latency for position estimation of UE (<10ms)
· Note 1: Target positioning requirements may not necessarily be reached for all scenarios and deployments
· Note 2: For some scenarios the requirement for Horizontal position accuracy can be relaxed to < 0.5 m in IIoT use cases.
· Note 3: All positioning techniques may not achieve the target positioning requirements over all scenarios



And the definition of physical layer latency start- and end- time was agreed as follows
	Method
	Start
	End

	UE assisted DL-only & DL-ECID & Multi-RTT
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message 

	UL-only method & UL ECID & Multi-RTT
	Reception by the gNB of the NRPPa measurement request message
	The transmission by the gNB of the NRPPa measurement response message

	UE-based
	· Alt. 1: transmission of the PUSCH carrying the MG Request from the UE.
· Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data
· Alt. 3: Start of the Reception of DL PRS

	Successful decoding of the PUSCH at gNB carrying the LPP Provide Location Information message if applicable, otherwise Calculation of Location Estimate at the UE
 


In this contribution, we present our views on latency reduction from RAN1 perspective.
Scheduled location time
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]SA2 has endorsed a 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 stated benefit of the scheduled location time as the 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. This doesn’t solve the problem of delay, but puts 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 requesting device should predict a positioning requirement of time T at time T-t1, 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. But, for the low latency service in commercial use case (TS22.261 [2]) and for IIoT use case (TS 22.804 [3]) in the following, it is hard to see all cases as foreseeable location service.
	4
	A
	1 m
	2 m
	99.9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	6
	A
	0.3 m
	2 m
	99.9 %
	10 ms
	NA
	Outdoor 
(dense urban) up to 60 km/h
	Indoor - up to 30 km/h



	Augmented reality in smart factories 
	< 1 m
	99%
	< 0,17 rad 
	< 15 ms
	< 10 km/h
	Factories of the future 10.8

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems) ) 

	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	99.9%
	N/A
	10 ms
	< 30 km/h
	Factories of the Future15.5


Besides, SA2 also admits it only to be used in “some scenarios” based on the following description of S2-2103047 [4]. In addition, RAN2 also identified many questions that need to be clarified for the CR before RAN2 can decide on support of the feature as defined in SA2[5]. 
	Reason for change:
	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. 
< Unchanged parts are omitted >    


Lastly, we believe the physical layer latency cannot be controlled or predicted by requesting devices (such as LCS Client, AF or the UE) anyway and, the physical layer latency should be reduced by RAN1 methods. 
So, we propose physical layer latency reduction should be independent of scheduled location time. And the method with scheduled location time can be considered as a further optimization method to be discussed in Rel-17 if scheduled location time is supported.
Observation 1: [bookmark: _Hlk71550482][bookmark: _Hlk71210464]
· The application scenario of the scheduled location time is limited and it is only helpful for some use cases which are foreseeable location service in advance.
· It is hard to see all low latency services in commercial use case (TS22.261 [2]) and IIoT uses case (TS 22.804 [3]) as foreseeable location service.
Proposal 1: 
· Physical layer latency reduction should be independent of scheduled location time.
· The method with scheduled location time can be considered as a further optimization to be discussed in Rel-17 if scheduled location time is supported.
DL physical layer latency
The DL physical layer latency includes the following components as shown in Figure 1 based on the definition of physical layer latency start- and end- time and the evaluation result of high layer latency [6] which removes the yellow part (that is high layer latency).



[bookmark: _Ref66732878]Figure 1 the components of physical layer latency
[bookmark: _Ref66732898]Table 1 The physical layer latency of the DL method
	Step 4 LPP Request Location Information
	23-39.5

Physical layer part latency is 
13-13.5
	Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo 
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc 3ms
-	LMF: TLMFProc  3ms
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB 0-0.5ms
-	gNB-AMF: TgNB-AMF 3-10ms
-	AMF-LMF: TAMF-LMF 1-10ms

	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
Physical layer part latency is
10-13.5
	Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc 3ms
-	LMF: TLMFProc  3ms
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF  3-10ms
-	AMF-LMF: TAMF-LMF  1-10ms

	Total physical layer latency
	129.5-137.5
	


It is easily found that there is a big gap between the requirement(<10ms) and evaluation result(>100ms). And the physical layer latency can be divided into three parts:
Part one: step 4 and step 8, reporting and request latency of the measurement (23-27ms)
Part two: step 5 and step 6, MG config-related latency(18-22ms)
Part three: step 7 DL PRS measurement time (88.5ms)
Among them, the DL PRS measurement time is the majority part, and analysis as follows
	· DL PRS alignment time/MG alignment time ~20ms (depending on MG/ PRS periodicity 20ms – worst case is assumed)
· DL PRS transmission time
· Included in RAN4 analysis for measurement period requirements
· DL PRS measurements (measurement period requirements)
· ~68,5 ms (CSSF = 1, NRxBeam, i=1, Nsample = 4, DL PRS Periodicity - 20ms)

 =  +   = 8ms +0.5ms ,( (N, T) = (0.5ms, 8ms))
 = 
 = 68.5ms
· In total overall latency for DL PRS measurement time is 68.5+20=88.5ms


There are some components that impact DL PRS measurement time
·  Nsample
· =LCM()
·  
· 
· DL PRS alignment time/MG alignment time 
Among them, the DL PRS measurement time will reduce to 28.5ms () if Nsample=1. However, the value of Nsample needs to be confirmed by RAN4.
Observation 2: [bookmark: _Hlk71210482]
· From RAN1 perspective, the DL PRS measurement time will reduce significantly if Nsample=1.
Proposal 2: [bookmark: _Hlk71210502]
· Send an LS to ask RAN4 whether Nsample=1 is feasible for DL PRS measurement.
Although further discussion is needed, in this contribution, we assume Nsample can be equal to 1. In addition, in the SI phase, the following agreements have been reached on reducing the NR positioning latency. We will discuss the optimizations in the following subsection.
	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) [RAN2]
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) [RAN2]
· Latency reduction related to the request and response of UE positioning capabilities (e.g., via storing UE capabilities in the network) [RAN2].
No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.


[bookmark: _Hlk71190246]Latency reduction related to the measurement gap
The MG causes many limitations and long latency for the positioning based on the previous analysis. There are some restrictions of the MG implementation for positioning.
· The long latency of MG request and configuration 
· The limitation MG patterns
· The mismatching of MG and PRS configuration
· Data interruption.
Besides, in the current specification: ‘UE is not expected to process DL PRS without configuration of the measurement gap’. So, anyway in the Rel-16 DL positioning method, the physical layer latency is restricted by the MG. In the following subsections, we present our views on Rel-17 latency reduction related to the measurement gap.
PRS measurement without MG
In the SI phase, performing PRS measurement without MG is identified for MG as an optimization method. In the subsection, we further evaluate the benefits of the enhancement and identify the impact of specification. 
Combining with Table 1, the detailed latency reduction without MG are shown in Table 2 and with ‘yellow highlight’. The latency of Part two (which is the latency of step 5 and step 6 (MG config-related latency(18-22ms))) can be reduced to zero,  can be reduced to 8ms( = ), and  can be reduced to 4ms given the   will be only restricted by PRS periodicity so that the minimum DL PRS measurement time can be 8.5ms. The physical layer latency will reduce nearly 100ms by supporting PRS measurement without MG. 
[bookmark: _Ref67576501]Table 2 The physical layer latency of Rel-16 DL measurement and without MG enhancement
	Step
	Delay and Description of Rel-16 Latency Component [ms]
	Delay of the enhancement without MG

	Step 4 LPP Request Location Information
	13-13.5
Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc 3ms
-	LMF: TLMFProc  3ms
Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB 0-0.5ms
-	gNB-AMF: TgNB-AMF 3-10ms
-	AMF-LMF: TAMF-LMF 1-10ms
	13-13.5


	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

	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
	0

	Step 7 DL PRS measurement
	TDL-Meas : 88.5
· (CSSF = 1, NRxBeam, i=1, Nsample = 4, DL PRS Periodicity - 20ms)

 =  +   = 8ms +0.5ms
 = 
 PRS/MG alignment time
=
	TDL-Meas: 8.5ms~
· (CSSF = 1, NRxBeam, i=1, Nsample = 1, DL PRS Periodicity - 20ms)
· =
·  =  +   = 8ms +0.5ms
·  = 
·  PRS/MG alignment time
=

	Step 8 LPP Provide Location Information
	10-13.5
Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc 3ms
-	LMF: TLMFProc  3ms
Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF  3-10ms
-	AMF-LMF: TAMF-LMF  1-10ms
	10-13.5

	Total physical layer latency
	129.5-137.5
	31.5ms



where
· 	corresponds to durationOfPRS-ProcessingSymbolsInEveryTms in TS 37.355 [34], which  can be 8, 16, 20, 30, 40, 80, 160, 320, 640, or 1280 ms
· , the least common multiple between  and .
·  is the periodicity of PRS, which includes
 slots.
· is the periodicity of the measurement gap, which includesms
·  is the alignment time of DL PRS/MG, which can be the max of the periodicity of PRS and MG.
And we have listed the benefits of using BWP in [9] and summarized as the following observation
Observation 3: [bookmark: _Hlk71210513]
· Using BWP switching to measure DL PRS has the following benefits compared with measurement gap.
· Only interrupt the transmission of data during BWP switching
· Suitable for PRS measurement with low overhead
· No restrictions on PRS period and length
· The latency of DCI-based BWP switching is very short
· BWP switching can be conducted in PRS aggregation processing
[bookmark: OLE_LINK3]The benefit of performing PRS measurement without MG on latency reduction is clear. The critical issue is how to perform PRS measurement without MG. It is noted that RLM can be measured without MG, because the UE is not required to monitor the radio link quality in BWPs other than the active DL BWP. Similarly, BFR, CSI measurements also can be measured without MG.
So, it is logical that PRS can be measured without MG if all the PRS that need to be measured are in the active BWP. Therefore, performing PRS measurement within active BWP and without MG should be specified in Rel-17. And then, how to ensure the positioning performance is the critical issue since the active BWP may mismatch with PRS configuration. This is due to the frequency information of PRS is defined in PFL and transmitted to UE from LMF, but the frequency information of active BWP is defined in the cell and BWP configuration information respectively and transmitted to UE from gNB, and the comparison of corresponding frequency parameters is shown in Table 3. So, it is obvious the mismatch of BWP and PRS is hard to avoid due to the independent configuration in Rel-16.
[bookmark: _Ref67576826][bookmark: _Hlk71191278]Table 3 The frequency parameters of PFL, serving cell and BWP
	
	The PFL of PRS 
	Serving cell
	Active BWP for a cell

	The Max Number
	nrMaxFreqLayers(4)
	maxNrofSCells(32)

	1

	SCS
	dl-PRS-SubcarrierSpacing
	SCS-SpecificCarrier

	subcarrierSpacing

	CP
	dl-PRS-CyclicPrefix
	
	cyclicPrefix

	Point A
	dl-PRS-PointA
	1.OffsetToPointA for Pcell
2.absoluteFrequencyPointA

	offsetToCarrier

	starting PRB
	dl-PRS-StartPRB
	1.FreqBandIndicatorNR
2. SCS-SpecificCarrier

	locationAndBandwidth

	Bandwidth
	dl-PRS-ResourceBandwidth
	
	

	Comb
	dl-PRS-CombSizeN
	
	

	
	
	sCellDeactivationTimer 
	


According to the comparison in Table 3 and above analysis, there are three relationships between PRS and active BWP. 
Case 1: PRS within active BWP
Case 2: PRS outside active BWP and within the activated serving cell
Case 3: PRS outside the activated serving cell
Then, we analyze the above three cases and identify the specification work for ensuring the positioning performance of each case.
Case 1  PRS within active BWP
In this case, there is no other impact other than allowing measure PRS without MG when PRS within active BWP. And it can be seen as an ideal case to optimize, the minimum latency DL PRS measurement can be
· 8.5~12.5 ms (CSSF = 1, NRxBeam, i=1, Nsample =1, DL PRS Periodicity = 4ms)


 =  +   = 8ms +0.5ms
==8.5~12.5ms

And physical layer latency can be 
Table 4 The physical layer latency of NR enhancement without MG
	Step
	Delay of the enhancement without MG

	Step 4 LPP Request Location Information
	13-13.5


	Step 5 RRC Location Measurement Indication
	0

	Step 6 RRC Measurement Gap configuration
	0

	Step 7 DL PRS measurement
	TDL-Meas: 8.5ms~12.5


	Step 8 LPP Provide Location Information
	10-13.5

	Total physical layer latency
	31.5ms-39.5ms


Observation 4: [bookmark: _Hlk71210568]
· If supporting measure PRS without MG 
· The DL PRS measurement time will be reduced to 8.5 ms,
· The MG config-related latency will be reduced to 0 ms,
· The physical layer latency will be reduced by 100ms nearly.
If PRS within active BWP, there is no specification work except allowing PRS measurement without MG when PRS are within active BWP and UE capability without MG. So, we propose
Proposal 3: [bookmark: _Hlk71210581]
· PRS measurement without measurement gap when PRS within active DL BWP should be specified.
Case 2  PRS outside active BWP and within the activated serving cell
In this case, if we want to guarantee the performance and perform PRS measurement without MG, a BWP that covers PRS needs to be configured or activated for PRS measurement. So, at least, BWP switching is needed for case 2. And there are two subcases for PRS outside active BWP case
      Case 2.1: BWP switching when existing BWP covers PRS
      Case 2.2: BWP (re-)configuration when no existing BWP can cover PRS 
Based on TS 38.321 section 5.15[8], there are four BWP switching methods as in Table 5.
[bookmark: _Ref66715086][bookmark: _Hlk71191835]Table 5 The BWP switching method and signaling latency
	BWP switching method
	description
	Latency of signaling
TSignaling[4]

	RRC
	Upon RRC (re-)configuration of firstActiveDownlinkBWP-Id and/or firstActiveUplinkBWP-Id for SpCell or activation of an SCell.
	TUEProc-RRCReconf
(10ms)

	MAC CE
	MAC entity itself upon initiation of Random Access procedure or upon detection of consistent LBT failure on SpCell, e,g. switch to initial BWP or configured UL BWP ID.
	3ms

	DCI (PDCCH)
	1. BWP switching is controlled by the PDCCH indicating a downlink assignment
2. Entering or leaving dormant BWP for SCells is done by BWP switching per SCell or per dormancy SCell group based on instruction from PDCCH
	TUE-gNB
(0-0.5ms)

	BWP-Inactivity Timer
	If expired, switch to defaultDownlinkBWP-Id or initialDownlinkBWP
	TBWP-Inactive Timer


In addition, the BWP switch delay is shown in the following table after receiving the order(ie. PDCCH, RRC) or BWP-Inactivity Timer is expired. And cross cell scheduling delay is 1 slot if the serving cell where UE receives DCI for BWP switch is different from the serving cell on which BWP switch occurs for any involved serving cell.
TS 38.133[7] Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	
	(ms)
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.


The minimum latency for BWP switching signaling is PDCCH triggered, so, the minimum latency DL PRS measurement for Case 2.1 will be
· 9.25~17 ms (CSSF = 1, Nsample =1, DL PRS Periodicity - 4ms, BWP switch by PDCCH)


 =  +   = 8ms +0.5ms
==9.25~17ms


or 1 slot
is signaling transmission delay for BWP switch: 0-0.5ms
And the corresponding physical layer latency can be 
Table 6 The physical layer latency of NR enhancement without MG in case 2
	Step
	Delay of the enhancement without MG

	Step 4 LPP Request Location Information
	13-13.5


	Step 5 RRC Location Measurement Indication
	0

	Step 6 RRC Measurement Gap configuration
	0

	Step 7 DL PRS measurement
	TDL-Meas:9.25~17ms
· 

	Step 8 LPP Provide Location Information
	10-13.5

	Total physical layer latency
	32.25ms-44ms



Observation 5: [bookmark: _Hlk71210593]
· If supporting measure PRS with BWP switching by PDCCH order
· The DL PRS measurement time will be reduced to 9.25 ms,
· The MG config-related latency will be reduced to 0 ms,
· The physical layer latency will be reduced by 100ms nearly.
The latency benefit for case 2 also is significant, but we would like to note that BWP switching is controlled by gNB except BWP switching by BWP-Inactivity Timer. gNB doesn’t know which BWP should be activated and when to activate it. So, it is obvious that additional signaling or procedure is needed for positioning BWP switching, such as UE request BWP for positioning, or LMF indicates gNB to switch. So, we propose
Proposal 4: [bookmark: _Hlk71210605]
· UE-initiated or LMF- initiated positioning BWP switching should be supported for positioning.
Besides, for case 2.2, the physical layer latency requirement may be difficult to satisfy since the (re-)configuration latency may exceed 10ms. So, pre-configured BWP for positioning can be considered to avoid the situation. In our view, pre-configured BWP can be a special BWP configuration (such as a special dormant BWP configuration), or associated with positioning service.  In that case, additional specifications work for the definition and signaling of pre-configured BWP should be considered.
Proposal 5: [bookmark: _Hlk71210622]
· Pre-configured BWP should be considered for positioning, e.g. pre-configured BWP can be a special BWP, or associated with positioning service.
Case 3  PRS outside active BWP and the activated serving cell
For this case, based on the cell activation or addition latency in TS 38.133[7], it is easily observed that the minimum latency of cell activation is 3ms. Sometimes, the latency will exceed 10ms, for example, when the SCell is unknown and belongs to FR1.
To satisfy the latency requirement, the latency of SCell activation or SCell addition should be avoided. And there are three options for reducing the latency of SCell activation or addition:
Option 1: The PRS measurement independent with SCell (such as special BWP configuration is independent with SCell)
Option 2: The SCell associated with PRS is always activated before PRS measurement
Option 3: Combine SCell activation and BWP switching in one signalling (For example, activating SCell and triggering BWP switching by one PDCCH order)

Observation 6: [bookmark: _Hlk71210666]
· If PRS are outside activated SCell, the additional latency for SCell activation and SCell addition need to be considered.
Proposal 6: 
· [bookmark: _Hlk71551240][bookmark: _Hlk71210743][bookmark: _Hlk71551224]The following option should be considered for reducing the latency of SCell activation or addition.
· [bookmark: _Hlk71551252]Option 1: The PRS measurement independent with SCell configuration (such as special BWP configuration is independent with SCell )
· Option 2: The SCell associated with PRS is always activated
· Option 3: Combine SCell activation and BWP switching in one signaling (for example, activating SCell and triggering BWP switching by one PDCCH order)
PRS measurement with enhanced MG 
In RAN4,“ NR and MR-DC measurement gap enhancements” are being discussed. It involves pre-configured MG (fast MG configuration), multiple concurrent/ independent MG and Network controlled small gap which are enhanced for optimizing the efficiency of RRM functionalities. 
In the Rel-17 positioning SI phase, another enhancement that is identified is MG enhancement. And we also studied on MG enhancements related to positioning measurement to reduce latency. From our point of view, pre-configured MG as an MG enhancement is also helpful for the efficiency of positioning if pre-configured MG is extended to PRS related pre-configured MG. Besides, low-layer triggering MG is another MG enhancement for latency reduction.
The corresponding physical layer latency of the above MG enhancement can be as follows
Table 7 The physical layer latency of Rel-16 DL measurement and MG enhancement
	Step
	Delay and Description of Rel-16 Latency Component [ms]
	Delay of the enhancement with pre-configured MG
Or low layer triggering MG

	Step 4 LPP Request Location Information
	13-13.5

	13-13.5


	Step 5 RRC Location Measurement Indication
	5-8.5

	0

	Step 6 RRC Measurement Gap configuration
	13-13.5

	0

	Step 7 DL PRS measurement
	TDL-Meas : 88.5

	TDL-Meas: 8.5~13ms
· 8.5-13ms (CSSF = 1, NRxBeam, i=1, Nsample =1, DL PRS/pre-configuration MG Periodicity - 4ms)
· 
· 
·  =  +   = 8ms +0.5ms
· ==8.5~13ms
· 
· is signaling transmission delay for BWP switch: 0-0.5ms



	Step 8 LPP Provide Location Information
	10-13.5

	10-13.5

	Total physical layer latency
	129.5-137.5
	31.5ms-40ms


Observation 7: [bookmark: _Hlk71210762]
· [bookmark: _Hlk71551280]If supporting measure PRS with MG enhancement，such as pre-configured MG or low layer triggering MG 
· The DL PRS measurement time will be reduced to 8.5 ms,
· The MG config-related latency will be reduced to 0 ms,
· The physical layer latency will be reduced by nearly 100ms.
Pre-configured MG for positioning 
Given the pre-configured MG is helpful for the efficiency of the RRM functionalities, in this section, we consider reusing it in positioning to reduce latency.
In addition, in RAN4, pre-configured MG and activation/deactivation of an MG following a DCI or timer-based BWP switch are adopted for RRM because the SSB and BWP configuration is known to gNB, and aim for fast MG configuration. So, pre-configured MG for positioning can also consider the PRS configuration and aim for fast MG configuration for positioning.
Besides, the MG considering dense PRS configuration has been supported in LTE, it may also be considered specifying pre-configured MG for positioning.
	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-configured MG for positioning should be supported for the NR positioning enhancement. 
Proposal 7: 
· [bookmark: _Hlk71551294][bookmark: _Hlk71210837]Pre-configured MG for positioning should be supported for NR positioning.
Given Rel-16 PRS configuration is deterministic information in an area, the main difference between pre-configured MG for positioning and pre-configured MG for RRM is that gNB doesn’t know the PRS configuration of the neighboring cells. 
In addition, it is worth noted that the activation/deactivation of MG associated with on-demand PRS should be considered. For example, if PRS is off, the pre-configuration MG for positioning also be off or be switched to non-positioning MG for RRM. 
In short, pre-configuration MG and activation/deactivation of an MG for PRS are associated with the on-demand is needed to be considered in Rel-17.
Proposal 8: [bookmark: _Hlk71210902]
· [bookmark: _Hlk71551303]LMF-initiated pre-configuration and/or activation/deactivation of an MG associated with on-demand PRS needs to be considered in Rel-17.
Low layer triggering MG
In RAN4, the mechanisms of activation/deactivation of MG following a DCI or timer-based BWP switch are discussed. In positioning, the MG alignment delay is 20ms, which seriously affects the latency. Besides, When the MG period does not match the PRS period, the effective PRS measurement period needs to be extended (e.g. the effective PRS measurement period is calculated by LCM(TPRS, TMG), which is the least common multiple of PRS and MG period). Therefore, a low layer triggering measurement gap is needed to be considered for enhancement.  
Let’s take DCI-triggered MG as an example, which is applicable for the following scenarios.
· Mismatch of PRS period and MG period. DCI-triggered MG enables the UE to measure PRS occasions which are out of MG window coverage due to mismatch of period as shown in Figure 2
[image: ]
Figure 2DCI-triggered measurement gap for mismatch of PRS period and MG period
· Low layer order of MG following the order of request measurement information. It can be found triggering PRS measurement and activated MG by one DCI order can reduce 50ms latency as the following table
	 Step 4 LPP Request Location Information
	13-13.5

	0-0.5


	Step 5 RRC Location Measurement Indication
	5-8.5

	0

	Step 6 RRC Measurement Gap configuration
	13-13.5

	0

	Step 7 DL PRS measurement
	

	


[bookmark: _Hlk71551342]
Observation 8: [bookmark: _Hlk71210908]
· [bookmark: _Hlk71551329]Low layer triggering MG enables the UE to measure PRS occasions that are out of MG window coverage.
· Low layer order of MG following the order of location request information is beneficial for physical layer latency.
Measurement gap for multiple positioning frequency layers 
In Rel-17, the UE may be asked to measure at least 2 positioning frequency layers at the same time. In that case, the PRS measurement period will be extended. If UE can measure at least 2 positioning frequency layers in 1 MG at the same time, or the UE can perform PRS measurement within at least 2 MGs at the same time, the latency will be reduced. But in the current specification, a UE is expected to process one frequency layer at a time and RAN4 requirement assumes only one positioning frequency layer is processed per MG. Therefore, according to the current MG-related specification, it is impossible to perform multiple frequency layer PRS measurement using one MG occasion. 
Therefore, MG enhancement for concurrent processing multiple positioning frequency layers should be considered.  For example, the UE should be able to perform multiple positioning frequency layer measurements at a time by multiple independent MGs, or the UE should be able to perform multiple positioning frequency layer measurements at a time by a single MG. It seems that current RAN4 work on ‘multiple concurrent/ independent MG’ in Rel-17 can be considered for this issue.
Proposal 9: [bookmark: _Hlk71210930] 
· [bookmark: _Hlk71551371]Measurement gap enhancement for concurrent processing multiple positioning frequency layers can be considered.
Summary 
[bookmark: Pro2][bookmark: p13]Based on the above analysis, we think BWP switching can be considered as an alternative to using MG. For some cases, such as where high accuracy requirement (PRS with large bandwidth) and low data service requirement are requested, or no target BWP available (e.g. inter-frequency measurement), MG can be configured; but for some cases, such as PRS with small bandwidth, high priority data service requirements (the UE does not expect data interruption for long time), or there is available BWP to be switched (such as single-carrier operation), configuring BWP switching may be a better choice. In addition, it is up to serving gNB to choose the suitable optimizations to assist PRS measurement for different cases. 
Proposal 10: [bookmark: _Hlk71210950]
· BWP switching can be considered in Rel-17 as an alternative to using measurement gap.
Given the current MG configuration causes limitations to the positioning, and pre-configuration MG, multiple concurrent/ independent MG, and the mechanisms of activation/deactivation of MG following a DCI or timer-based BWP switch are discussed in RAN4, those MG enhancements also are needed to be considered for PRS measurement in Rel-17. 
Proposal 11: [bookmark: _Hlk71210954]
· [bookmark: _Hlk71551435]MG enhancements, such as pre-configuration MG for positioning, multiple concurrent/ independent MG, and the mechanisms of activation/deactivation of MG following a DCI, should be considered for PRS measurement.
Latency reduction related to the request and response of the measurement information
For part one latency reduction on step 4 and step 8(request and response latency of the measurement (23-27ms)), the following identified enhancements need to be considered e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules. In this subsection, we discuss those enhancements and identify the impact of specification.
Lower layer triggered request and response of the measurement information
In the SI phase, it is observed the latency of step 4 and step 8 is 23-27ms. 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 3 and Table 8. The minimum physical latency of those steps can be reduced to 0-0.5ms if the physical layer triggering is applied.



Figure 3 The procedure of low layer triggered requesting of measurement
It is worth noted that the current LPP request/ response location information is transparent for gNB. So the processing delays include
-	TUEProc-RRCDLInfo              5ms
-	TUEProc-LPPLocationRe        5ms
-	gNB: TgNBProc-NAS/LPP  3ms
If the request/ response location information is a UE associated NRPPa message, and then gNB transmit the request/ response location information to UE by DCI, the processing delays will be
-	TUEProc-DCI                          0-0.5ms
-	gNB: TgNBProc-NRPPa     3ms
Meanwhile, if the requesting of location information can be transmitted by UE associated NRPPa information, the potential requesting of MG 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.
The contrast of latency between the Rel-16 positioning technique and NR enhancement with low layer triggering positioning requesting/ positioning reporting are listed in Table 8.
[bookmark: _Ref71205752][bookmark: _Hlk71207020]Table 8 The latency of Rel-16 DL measurement and NR enhancement with low layer triggering

	Step
	Delay and Description of Rel-16 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

	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
	13-13.5


	Step 7 DL PRS measurement
	TDL-Meas : 88.5

	TDL-Meas: 88.5


	Step 8 LPP Provide 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

	Total physical layer latency
	129.5-137.5
	


Observation 9: [bookmark: _Hlk71211014]
· The low layer triggered the request and response of location information can reduce by 25-28ms
A new NRPPa procedure (such as NRPPa request location information) should be specified for the above low layer triggered requesting of location information. Besides, from RAN2/RAN3 perspective, new low layer signaling needed to be specified and gNB can configure MG based on the requesting of location information from NRPPa.
Proposal 12: [bookmark: _Hlk71211025]
· The request of the measurement via RRC signaling, MAC-CE and/or physical layer procedure should be supported.
Priority rules 
Priority rules for the processing/reception of DL PRS and other signals/channels
In Rel-16, the priority of PRS is lower than other DL signals and channels. In other words, UE is not expected to process DL PRS when PRS overlapped with any DL signal or channel if measurement gap is not configured. In Rel-17, the low latency positioning service and requirement is one of the objectives in this study. If PRS processing is always of low priority, the positioning delay will be largely increased. So, we propose to introduce priority indications for priority indications of PRS for PRS reception, such as Table 9
[bookmark: _Ref71205967]Table 9 The priority rule between PRS and other DL signal and channel with a priority indication
	Positioning
	Communication
	To drop

	Low priority PRS
	Low priority DL signal and channel
	Low priority PRS

	Low priority PRS
	High priority DL signal and channel
	Low priority PRS

	High priority PRS
	Low priority DL signal and channel
	Low priority DL signal and channel

	High priority PRS
	High priority DL signal and channel
	High priority PRS



In addition, when we evaluate the latency, the CCSF is 1. However, in some cases, the MG needs to be shared with other candidates, such as RRM measurement, and will be more than one. Then, the  will be extended by CSSF. Therefore, we propose to consider priority indications for the calculation of CCSF. 
Proposal 13: [bookmark: _Hlk71211046]
· Priority rules should be supported for the processing/reception of DL PRS and other signals/channels or sharing MG.
Priority rules for positioning measurement and report
Reducing latency and power consumption for PRS measurement is part of objectives in this SI. From our point of view, reducing the number of PRS to be measured may reduce latency and power consumption for PRS measurements. For example, the UE may be configured with multiple TRPs, but it is no needs to measure all TRPs, since measurements from several TRPs are enough for positioning.  In addition, considering the LMF may obtain the approximate location of the UE according to the primary cell ID reported by the UE, it may roughly determine the TRPs around the UE, and then configure the UE to measure PRS resources from these TRPs. Therefore, these TRPs can be indicated with higher priority and the UE should measure PRS resources from these TRPs and optionally measure PRS resources from other TRPs.   Indication of higher priority of TRPs to be measured enables UE to measure PRS resources more efficiently. Besides that, the priority rules can also be used for PRS measurements from multiple frequency layers, multiple resource sets or multiple resources within a TRP.  The priority of PRS measurement is still discussed in Rel-16 at the same time. However, taking into account the progress of positioning enhancement in Rel-17, we believe that it is still necessary to continue research on the priority of PRS measurement in the Rel-17 stage.  
In addition to measurement, priority rules may also be used for location report. 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 can be considered.
Proposal 14: [bookmark: p15]
· [bookmark: _Hlk54627011]Priority rules for positioning measurement and report should be supported in Rel-17 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 some use cases which are foreseeable location service in advance.
· It is hard to see all low latency services in commercial use case (TS22.261 [2]) and IIoT uses case(TS 22.804 [3]) as foreseeable location service.
Observation 2: 
· From RAN1 perspective, the DL PRS measurement time will reduce significantly if Nsample=1.
Observation 3: 
· Using BWP switching to measure DL PRS has the following benefits compared with measurement gap.
· Only interrupt the transmission of data during BWP switching
· Suitable for PRS measurement with low overhead
· No restrictions on PRS period and length
· The latency of DCI-based BWP switching is very short
· BWP switching can be conducted in PRS aggregation processing
Observation 4: 
· If supporting measure PRS without MG 
· The DL PRS measurement time will be reduced to 8.5 ms,
· The MG config-related latency will be reduced to 0 ms,
· The physical layer latency will be reduced by 100ms nearly.
Observation 5: 
· If supporting measure PRS with BWP switching by PDCCH order
· The DL PRS measurement time will be reduced to 9.25 ms,
· The MG config-related latency will be reduced to 0 ms,
· The physical layer latency will be reduced by 100ms nearly.
Observation 6: 
· If PRS are outside activated SCell, the additional latency for SCell activation and SCell addition need to be considered
Observation 7: 
· If supporting measure PRS with MG enhancement，such as pre-configured MG or low layer triggering MG 
· The DL PRS measurement time will be reduced to 8.5 ms,
· The MG config-related latency will be reduced to 0 ms,
· The physical layer latency will be reduced by nearly 100ms.
Observation 8: 
· Low layer triggering MG enables the UE to measure PRS occasions that are out of MG window coverage.
· Low layer order of MG following the order of location request information is beneficial for physical layer latency.
Observation 9: 
· The low layer triggered the request and response of location information can reduce by 25-28ms latency.
Proposal 1: 
· Physical layer latency reduction should be independent of scheduled location time.
· The method with scheduled location time can be considered as a further optimization to be discussed in Rel-17 if scheduled location time is supported.
Proposal 2: 
· Send an LS to ask RAN4 whether Nsample=1 is feasible for DL PRS measurement.
Proposal 3: 
· PRS measurement without measurement gap when PRS within active DL BWP should be specified.
Proposal 4: 
· UE-initiated or LMF- initiated positioning BWP switching should be supported for positioning.
Proposal 5: 
· Pre-configured BWP should be considered for positioning, e.g. pre-configured BWP can be a special BWP, or associated with positioning service.
Proposal 6: 
· The following option should be considered for reducing the latency of SCell activation or addition.
· Option 1: The PRS measurement independent with SCell configuration (such as special BWP configuration is independent with SCell )
· Option 2: The SCell associated with PRS is always activated
· Option 3: Combine SCell activation and BWP switching in one signaling (for example, activating SCell and triggering BWP switching by one PDCCH order)
Proposal 7: 
· Pre-configured MG for positioning should be supported for NR positioning.
Proposal 8: 
· LMF-initiated pre-configuration and/or activation/deactivation of an MG associated with on-demand PRS needs to be considered in Rel-17.
Proposal 9: 
· Measurement gap enhancement for concurrent processing multiple positioning frequency layers can be considered.
Proposal 10: 
· BWP switching can be considered in Rel-17 as an alternative to using measurement gap.
Proposal 11: 
· MG enhancements, such as pre-configuration MG for positioning, multiple concurrent/ independent MG, and the mechanisms of activation/deactivation of MG following a DCI, should be considered for PRS measurement.
Proposal 12: 
· The request of the measurement via RRC signaling, MAC-CE and/or physical layer procedure should be supported.
Proposal 13: 
· Priority rules should be supported for the processing/reception of DL PRS and other signals/channels or sharing MG.
Proposal 14: 
· Priority rules for positioning measurement and report should be supported in Rel-17 positioning.
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Annex
[bookmark: _Hlk65070627]Table 5.2.3.1.2-1: 	Latency Components[6]
	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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