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Introduction
The revised Rel-17 NR positioning enhancements WID was agreed upon during the RAN#91-e meeting [1] with the addition of positioning latency reduction enhancements for commercial and IIoT scenarios. The following highlighted WID objectives are to be led by RAN1:
	· 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:
· 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]


This contribution discusses potential enhancements that can satisfy the Rel-17 positioning KPIs involving end-to-end and physical layer latency.
Measurement and Processing Timeline Enhancements
The Rel-17 target positioning requirements including accuracy and latency metrics were finalised during the SI phase and are shown in Table 1. 

[bookmark: _Ref61519852]Table 1: Rel-17 Target Positioning Requirements [2]
	Positioning Error
	Commercial Use Cases
	IIoT Use Cases

	Horizontal Positioning 
	(< 1 m) for 90% of UEs
	(< 0.2 m) for 90% of UEs; 

	Vertical Positioning 
	(< 3 m) for 90% of UEs
	(< 1 m) for 90% of UEs

	Physical layer latency for position estimation of UE
	(< 10 ms)
	(< 10 ms)

	End-to-End Latency for position estimation of UE 
	 (<100 ms)
	(< 100 ms, in the order of 10 ms is desired)



Given the tight latency requirements, especially for physical layer latencies it would be beneficial to configure certain UE positioning processing timelines that can satisfy various latency categories ranging from basic UEs that may have a longer DL-PRS symbol processing time to advanced UEs, that can process DL-PRS symbols in a much shorter duration.  It is not expected that UEs across all categories will meet the stringent latency requirements.
In Rel-16, the DL PRS processing capabilities and periodicities have been defined according to [2, 3]:
durationOfPRS-Processing IE - Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE
· T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
· [bookmark: _Hlk71036044]N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms
maxNumOfDL-PRS-ResProcessedPerSlot IE - Indicates the maximum number of DL-PRS resources that UE can process in a slot. SCS: 15 kHz, 30 kHz, 60 kHz are applicable for FR1 bands. SCS: 60 kHz, 120 kHz are applicable for FR2 bands.
· FR1 = {1, 2, 4, 8, 16, 24, 32, 48, 64}
· FR2 = {1, 2, 4, 8, 16, 24, 32, 48, 64}
The goal should be to allow for a flexible configuration of a processing timeline to meet different latency constraints. According to the processing capabilities the following duration of PRS symbols can be processed every 8 ms: N = {0.125, 0.25, 0.5, 1, 2, 4, 6}.	
Observation 1: Currently, the UE can only process 7 different PRS symbol durations every T=8ms corresponding to a single occasion to meet the Rel-17 physical layer latency requirements.
This in theory provides a certain duration for post-processing and preparation of the UE report depending on the chosen UE capability as seen in Table 2 below:
[bookmark: _Ref71038281]Table 2: Duration of N DL -PRS symbols to be processed with lowest T<10 ms and associated Post-processing time 
	UE Capability (N, T) Configurations
	Post-processing time (ms)

	(0.125, 8)
	7.875

	(0.25, 8)
	7.75

	(0.5, 8)
	7.5

	(1, 8)
	7

	(2, 8)
	6

	(4,8)
	4

	(6,8)
	2



Currently, there only exists a single supported processing time for a UE that falls within the 10ms physical latency budget. It would therefore be recommended to introduce lower processing time (T) to reflect the current physical layer latency requirements.
Proposal 1: Introduce additional T values for UE (N,T) processing capabilities. FFS suitable T values that meet <10 ms requirement.



Once the measurements have been post-processed and are ready to be reported, the UE should be capable to report the measurements (UE-assisted)/ location estimate (UE-based) within specified timelines configured by the LMF. However, the existing measurement processing durations are limited in that periodical and immediately triggered measurement reports support a minimum of 1000 ms response time as supported by the higher-layer parameter, responseTime [2], which  is in the range of between 1000 ms - 128000 ms. This is measured between the receipt of the PDSCH carrying the RequestLocationInformation and PUSCH carrying the transmission of a ProvideLocationInformation (See Figure 1). 


[bookmark: _Ref71106034]Figure 1: Current UE Positioning Response time indication

It can be observed  that the minimum response times do not currently meet any of the discussed commercial and IIoT use cases (<100 ms and <10 ms) and the nature of the higher layer signalling implies less control over how rapid the measurements can be provided to the network. 
Observation 2: The minimum response times between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation do not meet any of the currently discussed commercial and IIoT use cases.
Proposal 2: RAN1 to recommend suitable response times based on at least the following factors:
· UE’s capabilities
· Based on immediate and periodic reporting 
· Required end-to-end positioning latency budget by LCS client at LMF. 
FFS response time values that align with the latency requirements and UE measurement capabilities. Notify RAN2 via LS regarding recommended response times based on feasible processing times in physical layer.
Since the physical layer latency may be a function of multiple factors including the reported (N, T) UE capability, measurement gap configurations, DL-PRS periodicity, number of DL-PRS occasions, a configured timeline can ensure that the UE completes the measurement, processing and reporting within the latency budget required at the LMF. The LMF configured timeline can encompass scheduling and measurement processing time corresponding to different positioning measurements, which could be initially categorized into low-latency and high-latency measurements such that depending on the accuracy and latency requirements, the positioning report can be scheduled by the gNB: (i) in a more aggressive fashion in the case of tight latency requirements or  (ii) more relaxed based on the accuracy requirements.
The timeline can also be configured based on explicit categorization of measurements, i.e. low and high latency via priority indications in order to prioritize time critical positioning measurements. This can aid in reducing the time needed for reporting a set of measurements that are ready to be reported and can be based on the report size (e.g. for RRC_INACTIVE positioning), the next available UL grant, e.g. for aperiodic reporting.  

Observation 3: Categorization of measurements in terms of low and high latency requirements can enable faster measurement processing times.
Further details would need to be investigated in order to understand the measurement, processing and reporting details, e.g. how the LMF may trigger low latency reporting of positioning measurements using aperiodic reports, relationship between the size of measurement report and the next available UL grant, priority of the measurements to be reported and/or discarding measurements not meeting the latency budget.
Proposal 3: Introduce explicit low/high latency categorization of measurements to be reported by the UE, e.g. via priority indications to allow for more aggressive of scheduling of the positioning report based on a tighter LMF configured response time. 
Measurement Gap (MG) Considerations
The current measurement gap configuration and design was found to be an additional bottleneck for the positioning latency as evaluated in [3, 4]. The following issues standout in particular:
1. The UE processing timeline is mainly affected by the Measurement Gap Repetition Period (MGRP) and may not be optimized for reducing positioning latency.
2. There is a delay associated with the target-UE requesting receiving the measurement gap (MG) configuration (via RRC) and subsequent application of this configuration.
MGL and MGRPs
The Rel-16 measurement gap configurations specified by RAN4 are shown below:

Table 3: Measurement Gap Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



In addition, the currently supported DL-PRS periodicities are defined by the following:
TPRSperiodcity = 2μ{4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240}slots,
where µ={0, 1, 2, 3} for dl-PRS-SubcarrierSpacing-r16=15, 30, 60 and 120 kHz, which translates to the equivalent duration in ms (based on the configured SCS). It can be observed that 4 and 6 supported DL PRS periodicities can be accommodated with Gap Pattern Id 24 and 25, respectively. 
However, since the minimum MGRP is 20 ms, irrespective of whether the UE can process the DL PRS measurements in a shorter time (based on the aligned MGL and DL-Periodicity), there would be inherent delays due to the lack of support for lower MGRPs. It is also clear that the additional supported MGLs (highlighted in yellow) can accommodate larger PRS periodicities, which can result in better positioning accuracy. 
Observation 4: Current MGRP is a bottleneck for reducing the physical layer positioning latency.

Proposal 4: RAN1 to consider the benefits of lower MGRPs. Feasibility of such an enhancement to be determined by RAN4. 

Request and Configuration of MG
The request and configuration of the MG is signalled via RRC and Table 4  shows the corresponding latency based on an extract from the RAN2 latency evaluation [6] for DL-AOD/DL-TDOA positioning methods.
[bookmark: _Ref71119748]Table 4: MG Request and Configuration Delay [6] 
	Positioning technique [DL-TDOA/DL-AoD, mode [UE-Assisted] 


	Latency Component
	Value Range (ms)
	Description of Latency Component

	Step 5 RRC Location Measurement Indication
	5-8.5
	TUEProc-RRCLocationMeas + TUE-gNB+ TgNBProc-RRC
Processing delays: 5-8ms
-	UE: 
              TUEProc-RRCLocationMeas = 2-5ms
-	gNB: TgNBProc-RRC= 3ms
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms


	Step 6 RRC Measurement Gap configuration
	13-13.5
	TgNBProc-RRC+ TUE-gNB+ TUEProc-RRCReconf
Processing delays: 13ms
-	UE: 
              TUEProc-RRCReconf = 10ms
-	gNB: TgNBProc-RRC= 3ms
Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB= 0-0.5ms



Observation 5: MG Request and Configuration can incur a total latency of 18-22 ms.

It can be noted that the MG request and configuration represents a sizeable portion of the total end-to-end latency. Lower layering triggering, e.g. DCI-based request of the MG could lower the overall latency arising from these MG procedures. Additionally, the gNB can align with the LMF in order to take into account the MG request and configuration delay in the LMF configured response times.
Proposal 5: RAN1 to consider physical-layer signalling request of the MG, e.g. DCI for requesting the MG configuration.

Proposal 6: gNB and LMF can align on the expected delay related to the request and application of the MG configuration in order to adapt the UE response time accordingly. May involve further work in RAN2/RAN3.

Conclusion
The following observation were noted:
Observation 1: Currently, the UE can only process 7 different PRS symbol durations every T=8ms corresponding to a single occasion to meet the Rel-17 physical layer latency requirements.
Observation 2: The minimum response times between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation do not meet any of the currently discussed commercial and IIoT use cases.
Observation 3: Categorization of measurements in terms of low and high latency requirements can enable faster measurement processing times.
Observation 4: Current MGRP is a bottleneck for reducing the physical layer positioning latency.
Observation 5: MG Request and Configuration can incur a total latency of 18-22 ms.
Based on the discussion, the following latency reduction proposals are summarized as follows:
Proposal 1: Introduce additional T values for UE (N,T) processing capabilities. FFS suitable T values that meet <10 ms requirement.

Proposal 2: RAN1 to recommend suitable response times based on at least the following factors:
· UE’s capabilities
· Based on immediate and periodic reporting 
· Required end-to-end positioning latency budget by LCS client at LMF. 
FFS response time values that align with the latency requirements and UE measurement capabilities. Notify RAN2 via LS regarding recommended response times based on feasible processing times in physical layer.

Proposal 3: Introduce explicit low/high latency categorization of measurements to be reported by the UE, e.g. via priority indications to allow for more aggressive of scheduling of the positioning report based on a tighter LMF configured response time.

Proposal 4: RAN1 to consider the benefits of lower MGRPs. Feasibility of such an enhancement to be determined by RAN4.

Proposal 5: RAN1 to consider physical-layer signalling, e.g. DCI for requesting the MG configuration.

Proposal 6: gNB and LMF can align on the expected delay related to the MG configuration in order to adapt the UE response time accordingly. May involve further work in RAN2/RAN3.
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