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Introduction
[bookmark: _Hlk510705081]The Rel-17 WI on NR positioning enhancements has objectives that require RAN4 involvement regarding positioning measurement latency. The WID [1] identifies that UE measurement and measurement gap configuration can be further improved in RAN4.
	· 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]


RAN4 involvement related to last two bullets is required, i.e. in view of needed time for UE measurements and use of measurement gaps. As initially discussed in RAN4 #99-e, RAN4 shall monitor RAN1 and RAN2 progress on latency reductions. The WF in [2] captures RAN4 views from the last meeting. This contribution discusses problems and possible approaches for latency enhancement. RAN4 also received LS on PRS processing samples from RAN1 [3], that is related to the latency issue. We discuss it together in this contribution. 
Discussion 
[bookmark: _Hlk79123718]Through Rel-16 studies in RAN4, measurement time period has been specified as minimum requirement, RAN1 sent a LS to ask whether the number of sample N_sample can be less four. We discuss firstly on the LS reply and further measurement time period enhancement.

1.1.1  M-sample PRS measurement [ LS R4-2111705 ]

	Agreement in [2]:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
Note: This may have RAN4 dependency

ACTION: 	RAN1 respectfully requests RAN4 to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.




RAN1 has asked about M-sample (1<=M<4) measurements for latency reduction. It mentions not only about the number of sample reduction, but also about further study on UE processing mechanism and capability allowing M-sample PRS processing that has RAN4 dependency. 
In our view, the reduction of the number of samples is possible. What RAN4 defines in the spec is radio-domain measurements. If LMF estimates a UE location with multiple samples as much as possible, it helps to improve location estimation accuracy, however it causes cost of latency. For latency reduction purpose, it is possible to make the number of samples N_sample flexible to be configured by LMF, so let LMF select the expected accuracy and latency together.
Observation 1 : For the latency reduction purpose it is possible to make the number of samples ‘N_sample’ configurable by LMF, so let LMF select the expected location estimation accuracy and latency together.
Proposal 1 : Consider a separate signalling to indicate the expected number of measurement samples ‘N_sample’ from LMF to a UE.
   - Apply the measurement period requirement with N_sample signalled from LMF.
   - Expected location estimation accuracy is determined by LMF corresponding to the required N_sample.
The proposal 1 will be a straightforward manner to reduce latency. As another option if considering the number of measurement samples together with UE processing capability, we see possibility to reduce further latency through measurement timeline optimization between network and UE. In fact, RAN4 discusses about many cases that normal measurements hardly happen such as partial PRS in MG or measurement window misalignment. In consequence, the measurement requirements seem to build with quite conservative view to cover such difficulties. 
If network intends to reduce the measurement latency without scarifying the number of samples (keeping N_sample=4), it needs further study on PRS configuration and UE measurement behaviors. Assuming the PRS configuration and processing timeline are well aligned, then there may be ways to complete one sample measurement efficiently in a limited time. In the last meeting, the WF [2] also captures the same intention to improve latency regarding UE capability report, we further discuss improvement in the next section.

1.1.2  UE processing capability for latency reduction

	· RAN4 requirements definition on latency reduction are reliant on RAN1 solutions, which RAN4 needs to discuss after RAN1 has made agreement.
· Candidate options:
· Analyze factors that impact measurement requirements from RAN4 perspective to identify possible enhancements regarding latency reduction
· Option 1: Yes
· Option 2: TBA

· Outcome of possible definition of {N,T} capabilities to indicate measurement/processing time (T) in relation to reference signal duration (T) by other WGs can be studied by RAN4
· FFS: RAN4 to study possible Rel-17 latency enhancements in relation to UE capability {N, T} within Rel-16 framework
· FFS: Discuss and identify (further) conditions which can lead to enhanced requirements regarding UE measurement time



Currently, RAN4 has introduced measurement period requirements for Rel-16 NR positioning, overall, the measurement period seems to be calculated with conservative PRS resource counting. Further specific measurement behaviors can be discussed together to identify latency bottlenecks. Rel-16 assumes that UE processing capability and PRS resource configuration are set with independent relation, they are configured and reported independently in network and UE sides. In results, potential issues are shown in Figure 1. When UE processing is executed every Tms larger than Tavaiable_PRS, some of PRS resources may not be measured due to measurement processing delay, that leads to causing additional latency as shown in Figure-1 (a). As another example, a network is supposed to provide expected RSTD window and uncertainty, there is possibility that a UE misses the PRS resource timing due to the uncertainty as Figure-1 (b). In this case, a UE may need to use a larger buffering window size ‘N’ with more processing time, it also causes potential latency.



(a) UE cannot not measure PRS resource in every Tavaiable_PRS


(b) UE misses a measurement due to windowing uncertainty.
Figure 1 : Problems causing PRS measurement latency

Observation 2 : Rel-16 assumes that UE processing capability and PRS resource configuration are set without dependency. They are configured and reported independently in network and UE sides.
Observation 3 : Timeline misalignment between PRS resource configuration and UE processing capability causes latency.

As one possible solution, we assume that PRS resource configuration from network and UE processing time can be aligned. The case study on the solution is as followed. Firstly a UE needs to complete the one processing cycle within Tavaiable_PRS. When low latency is required in a usecase, selection of value Tms in the box below needs to be cautious in UE processing time T ms as Figure 2-(a). As a sub-case of Figure 2-(a) case, we can consider Figure 2-(b) that UE completes PRS processing within a MG period. Network can intend to collect a measurement every MG. If a measurement is reported every MG cycle and UE processing is made for a report sequentially, latency can be optimized. Figure 2-(c) may be a bit controversial, a slot is a processing unit in a NR system. We assume that a slot can be a processing unit of one positioning measurement with special condition. As we see the durationOfPRS-Processing, short values of N (i.e. 0.125ms, 0.25ms…) may support minislot/normal-slot strictions, however the durationOfPRS-prcessingSymbolsInEveryTms covers only down to 8ms. We propose to consider shorter than 8ms processing time. It would be beneficial to support positioning measurement in emergency or real-time positioning estimation. With special conditions, it would be worthy to enable slot-by-slot or subframe-by-subframe UE processing shorter than T=8ms. We can further discuss when and what condition UE can perform the low latency processing. 

	durationOfPRS-Processing
Indicates the duration N of DL-PRS symbols in units of ms a UE can process every T ms assuming maximum DL-PRS bandwidth provided in supportedBandwidthPRS and comprises the following subfields:
-     durationOfPRS-ProcessingSymbols: This field specifies the values for N. Enumerated values indicate 0.125, 0.25, 0.5, 1, 2, 4, 8, 12, 16, 20, 25, 30, 35, 40, 45, 50 ms.
-     durationOfPRS-ProcessingSymbolsInEveryTms: This field specifies the values for T. Enumerated values indicate 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280 ms.






(a) UE completes PRS processing within T_avaiable_PRS


(b) UE completes PRS processing within MG



(c) UE completes PRS processing within a slot (slot-based processing)
Figure 2 (a, b, c) : Time line alignment between PRS resource and UE processing time for latency optimization

Proposal 2 : Study UE capability reporting structure for low latency positioning measurement as follow : 
      - Consider UE processing capability reporting a set of {N,T} combination for low latency measurement support.
      - Study mechanism to make measurement timeline optimization between UE processing time and network PRS resource configuration
      - Study mechanism to prevent waste of configured PRS resources on which a UE may miss measurement chances.
       

 Latency enhancements in relation to measurement gaps
Following agreements and items for further discussion are listed in the WF [2] related to latency enhancements in relation to measurement gaps. 
	Agreements:
· Wait on outcome of RAN1/2 on measurement gap enhancements or gapless measurement. Introducing new measurement gap patterns is FFS and shall be addressed in the next meeting.


Investigation on latency improvements for positioning due to gapless measurements was done during the NR positioning enhancement study item and is documented in [4]. Significant improvement in latency reduction was evaluated. RAN1 is currently investigating this enhancement in more detail and RAN4 is to await the outcome of this investigation. 
In [4], the latency components on PHY were analysed. The major components are listed for Rel-16 (see extract from [4] for DL TDOA and DL AoD): 
	The following list provides the major physical layer latency components for Rel.16 DL TDOA/DL-AOD UE-assisted NR Positioning
-	DL PRS alignment, transmission, measurement (including processing time) and report delay
-	Measurement gap request, configuration and alignment time
-	UE/gNB higher layer (LPP/RRC) processing times


The same analysis was done for Multi-RTT, indicating same components as well SRS related components.  
	The following list provides the major physical layer latency components for Rel.16 Multi-RTT UE-assisted NR positioning
-	DL PRS alignment, transmission, measurement time and report delay
-	Measurement gap request, configuration, alignment time
-	SRS for positioning processing time
-	SRS for positioning alignment time (depends on periodic or aperiodic SRS for positioning) 
-	UE/gNB higher layer (LPP/RRC/NRPPa) processing times


Thus, MG request and configuration as well as alignment to PRS resources will impact on latency. RAN4 is to investigate these aspects in more detail and coordinate with RAN2 for any signalling optimisations.
Observation 4: MG request and configuration as well as alignment to PRS resources will impact on latency. 
In our view, this work should make use of the Measurement gap enhancements being specified within the NR_MG_enh work item [5]. In particular, the adoption of preconfigured MG and concurrent MG procedures for NR positioning will reduce latency due to faster activation mechanism. Thus the use of these enhancements for positioning measurements using MG should be agreed. 
Proposal 3: 	RAN4 to agree the use of MG enhancements features pre-configured MG and concurrent MG for positioning measurement in the framework of reducing latency for positioning.
As mentioned in section 2.3, MG configuration should be adjusted to PRS transmission configuration. Therefore, investigation into new MG patterns should be allowed. The following proposal is made.
Proposal 4: RAN4 should study new MG patterns in the context of latency reduction for positioning.


Latency enhancements for RRC Inactive and on-demand PRS
1.1.3 Positioning in RRC Inactive
In order to support latency reduction for positioning in RRC Inactive, RAN2 is developing concepts and core requirements for this feature. As measurement conditions in RRC Inactive differ from RRC Connected, it is expected that RAN4 will support this work related to measurement requirements in RRC Inactive. RAN4 should thus discuss whether there is RAN4 responsibility on this feature, that needs to be captured in the WID.
Observation 5: 	RAN2 is developing concepts and core requirements for positioning support in RRC Inactive. Latency reduction may also be beneficial for this feature.
Proposal 5: 	RAN4 to discuss whether there is RAN4 responsibility for specifying measurement requirements for positioning in RRC Inactive. 
2.6.2	Positioning based on on-demand PRS
Moreover, in order to support the emergency use case, supporting on-demand PRS is helpful. Therefore, RAN4 may want to introduce performance tests to support positioning measurements for on-demand PRS. Of course, the on-demand PRS can be used for commercial positioning use cases as well. At least, RAN4 needs to provide on-demand PRS feature support through specifying a UE performance test. However, RAN1/RAN2 discussions are not completed yet to support the feature.
Observation 6: 	The on-demand PRS support can improves the positioning measurement latency, but RAN1/RAN2 discussions are not completed yet.
Proposal 6: 	RAN4 to discuss whether there is RAN4 responsibility for specifying measurement requirements for on-demand PRS. 
Conclusion
This contribution has discussed problems and possible approaches for latency enhancements for NR positioning in Rel-17.
The following observations are made:
Observation 1: 	For the latency reduction purpose it is possible to make the number of samples ‘N_sample’ configurable by LMF, so let LMF select the expected location estimation accuracy and latency together.
Observation 2 : Rel-16 assumes that UE processing capability and PRS resource configuration are set without dependency. They are configured and reported independently in network and UE sides.
Observation 3 : Timeline misalignment between PRS resource configuration and UE processing capability causes latency.
Observation 4: 	MG request and configuration as well as alignment to PRS resources will impact on latency. 
Observation 5: 	RAN2 is developing concepts and core requirements for positioning support in RRC Inactive. Latency reduction may also be beneficial for this feature.
Observation 6: 	The on-demand PRS support can improves the positioning measurement latency, but RAN1/RAN2 discussions are not completed yet.
The following proposals are made:

Proposal 1 : [LS reply] Consider a separate signalling to indicate the expected number of measurement samples ‘N_sample’ from LMF to a UE.
   - Apply the measurement period requirement with N_sample signalled from LMF.
   - Expected location estimation accuracy is determined by LMF corresponding to the required N_sample.
Proposal 2 : [UE processing capability] Study UE capability reporting structure for low latency positioning measurement as follow : 
      - Study UE capability reporting a set of {N,T} combination for low latency measurement support.
      - Study mechanism to make timeline optimization between UE processing time and network PRS resource configuration
      - Study mechanism to prevent waste of configured PRS resources on which a UE may miss measurement chances.

Proposal 3: 	[MG] RAN4 to agree the use of MG enhancements features pre-configured MG and concurrent MG for positioning measurement in the framework of reducing latency for positioning.
Proposal 4: 	RAN4 should study new MG patterns in the context of latency reduction for positioning.
Proposal 5: 	RAN4 to discuss whether there is RAN4 responsibility for specifying measurement requirements for positioning in RRC Inactive. 
Proposal 6: 	RAN4 to discuss whether there is RAN4 responsibility for specifying measurement requirements for on-demand PRS. 
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