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Introduction
During the RAN1#103-e [1] meeting, the following latency reduction enhancements were agreed upon:

	Agreement:
Capture the following in the TR:
· 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 (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
· Latency reduction related to measurements
· 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)
· No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.




RAN2 are yet to confirm any additional related agreements related to positioning latency reduction based on the previous discussions during the RAN2#112-e [2] meeting and subsequent [Post112-e][617][POS] [3] email discussions. This contribution highltights some of the issues, under the scope of latency reduction.
Rel-17 Positioning 
Target Requirements 
Rel-16 NR positioning RAT-dependent positioning functionality mainly catered towards fulfilling the commercial and regulatory requirements. However, Rel-17 NR positioning takes into consideration the IIoT positioning use cases, where the overall positioning requirements including positioning latency are stringent with respect to Rel-16 techniques. The Rel-17 performance requirements have been agreed upon and documented in the latest version of TR.38.857 [3] and is shown in Table 1. 

[bookmark: _Ref61290411]Table 1: Rel-17 Target Positioning Requirements
	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)



The end-to-end latency requirements for commercial and IIoT use cases are < 100 ms, however we would like to draw special attention to IIoT use case, where much lower latencies in the order of 10ms are desired, which has been taken into account during RAN1’s conclusion of the target positioning requirements. 

Observation 1: Rel-17 target positioning requirements are stringent when compared to Rel-16 use cases.
Overall End-to-End Latency Evaluations 
Table 2 shows the results of RAN2’s overall latency evaluation (excluding RAN1’s physical layer latency evaluations) of the different positioning techniques based on [4].

[bookmark: _Ref61429993]Table 2: RAN2 End-to-end Latency Evaluation Summary for different RAT-dependent positioning techniques
	Positioning Techniques
	Latency Value Ranges (ms)

	UE-Assisted DL-TDOA/ DL-AOD
	134-264.5

	UE-Assisted UL-TDOA/UL-AOA
	137-310

	Multi-RTT
	200-397.5

	UE-Assisted DL NR-ECID
	88-198

	UE-Assisted UL NR-ECID
	47-113.5



It can be observed that the Rel-16 end-to-end positioning latency values exceed the Rel-17 target requirements for a majority of positioning techniques, keeping in mind that physical layer latency values (RAN1 scope) and LCS Request/Response network signalling were omitted. As such, the need for latency reduction techniques is a critical issue in order to serve the desired use cases in Rel-17 such as IIoT.

Observation 2: Majority of Rel-17 RAT-dependent positioning techniques exceed the Rel-17 target end-to-end latency requirements.



Proposal 1: RAN2 supports mechanisms for positioning latency reduction in normative work.
Latency Reduction Solutions
A list of potential latency reduction solutions were discussed during the “[Post112-e][617][POS] email discussion [3] and our views are also presented.
Measurement Gap Optimization
As evaluated in [4][5], Measurement Gap (MG) request and configuration contributes to sizeable portion of the overall positioning latency. Therefore, detailed mechanisms to optimize such configurations should be investigated during the WI item phase and can include the listed options mentioned in [3] for further study during the WI phase.
Although RAN1 recommended this study aspect as noted in the previous agreement [1], we feel that RAN2 should also play a coordinated role in supporting this feature since RRC signalling is currently used to configure the MG and as such corresponding enhancements to reduce the MG configuration latency need to be further investigated.
Proposal 2: RAN2 supports RAN1 on measurement gap latency reduction techniques. MG configuration signalling is also under scope of RAN2.
Measurement Report Signalling
Currently, the higher-layer parameters, responseTime and responseTimeNB, provided by the LMF have specified response times of 1000 ms - 128000 ms and 1000 ms-512000 ms, respectively. This is measured between the receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation (See Figure 1). It can be noted that the minimum response times do not currently meet any of the discussed commercial and IIoT end-to-end latency use cases and the nature of LPP signalling implies less control over how rapid the measurements can be provided to the network.

[image: ]
[bookmark: _Ref61434074]Figure 1: Current UE Positioning Response time indication

Observation 3: The existing minimum response times between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation (measurement report, location estimate) do not meet any of the Rel-17 end-to-end latency requirements.
Given the tight latency requirements in Rel-17, it would be beneficial to enhance the measurement reporting procedures as discussed in the email discussion and based on RAN1’s recommendation. The CG-based solutions based on Option 1 (existing CG solution) and Option 2 (whether new CG solution is needed) for measurement reporting offer lower layer control in transmission of the report and thus can be further discussed during the WI phase. In addition, RAN1 recommended possible reporting solutions that are under the scope of RAN2 that may include RRC signalling, MAC-CE and/or priority rules
Proposal 3: Study lower layer, e.g. RRC signalling techniques to reduce the current LPP response time in order to fulfill the required positioning latency budget.
Proposal 4: RAN2 supports measurement report latency reduction techniques. FFS CG-based and priority rule reporting solutions and corresponding signalling during the WI phase.
Prioritized PRS Transmissions 
Prioritized PRS transmissions was agreed upon by RAN1 in order to serve as another possible mechanism to satisfy the Rel-17 low latency positioning requirements when compared to Rel-16. This enhancement may also enable the UE to prioritize and thus reduce the latency of performing certain positioning measurements required by the UE/LMF. Therefore, prioritized PRS enables improved measurement handling and also allows the UE to transmit corresponding reports within the positioning latency budget, especially for UE-assisted positioning methods. The details regarding the priority rules of the measurements can be up to RAN1/RAN4 and may be supported by RAN2.
Observation 4: Prioritized PRS transmissions enable enhanced positioning measurement handling and can assist in fulfilling the positioning latency budget as required by the LMF/UE.  
Proposal 5: RAN2 agrees to support any RAN1-related impacts related to prioritized PRS transmissions.
Architecture Enhancements
The need and feasibility for architecture enhancements such as the addition of support of location server functionality in the RAN was also discussed in the email discussion [3]. We view this an important architectural enhancement for especially reducing the network latency component of the overall end-to-end latency. Previous work has already been performed regarding the functionality of local LMF in the RAN and documented in TR 38.856 led by RAN3 [6]. The conclusions of the study were as follows:
	RAN3 has studied the feasibility and specification impact of local LMF (i.e., LMC) in NG-RAN.
Three architecture alternatives have been studied. It is concluded that support of LMC in NG-RAN is feasible
Architecture 3 seems like the most promising option among the ones studied. RAN3 did not evaluate the benefits of any of the architecture options in terms of latency towards the core network, RAN3 also did not fully evaluate, e.g., mobility issues associated with the introduction of the LMC. 
RAN3 could not reach consensus on any recommendation for normative work.



Observation 5: RAN3 concluded the feasibility of LMC in NG-RAN.
It was further mentioned that RAN3 did not evaluate the benefits of the architecture options in terms of latency, however the lack of motivation by RAN3 to evaluate such requirements were given that latency requirements were not part of Rel-16 positioning. However, given that RAN1 had included RAN3 and SA2 in an earlier LS for input evaluations regarding the end-to-end latency [7] and that positioning latency is a key driver for Rel-17 positioning requirements, RAN3 should be triggered to determine if the recommended Architecture Alternative 3 listed in TR38.856 can be at least supported for normative work. 
Proposal 6: RAN2 to trigger RAN3 on whether the recommended Architecture 3 listed in TR 38.856 is feasible for normative work in terms of reduced latency.





Figure 2: RAN3 Recommended Architecture Alternative 3-LMC as logical node in NG-RAN [6]
Additional Impacts
In the context of positioning latency, single or multiple beam/TRP failures that involve DL-PRS transmissions can impact the overall positioning performance and incur additional latency, including RAT-dependent positioning techniques that rely on DL and UL positioning measurements. In addition, the latency evaluations performed by RAN1 and RAN2, did not consider the additional delays incurred through retransmissions of the measurement report, which can affect the overall end-to-end latency. 
According to the current procedures the TargetDeviceErrorCauses IE would be triggered via the Error LPP message to the LMF in the event that the UE is unable to measure the DL-PRS resources within a given time window on any of the configured TRPs or any neighbouring TRPs. The overall delay associated with the retransmission of the PRS measurement configuration and subsequent reporting via LPP can therefore be high. 
Observation 6: Beam failure events and measurement report retransmissions can introduce additional delays, which may affect the end-to-end latency of determining a UE’s location estimate.
In the context of Rel-17 IIoT positioning, other non-ideal positioning radio events may occur such as the effect of multiple NLOS beams/multipath components or a lack of suitable LOS beams will impact the quality of the DL-PRS measurements performed at UE and thus decrease the computed positioning accuracy at the LMF (UE-assisted positioning) or at the UE (UE-based positioning). This is an additional concern since it has been established that certain indoor factory setting have a high probability of NLOS components. It is therefore essential that positioning resiliency in an indoor factory floor or Industrial IoT setting is required to meet the stringent cm-level precision and low latency for various IIoT applications.
Observation 7: NLOS TRPs/links can incur additional latency in terms of beam reselection procedures, request of PRS configuration and thus affect the accuracy of a location estimate.
Proposal 7: RAN2 to study mechanisms for mitigating the effects of beam failure and NLOS effects, which can impact the end-to-end positioning latency. 
Conclusions
This contribution has noted the following observations in the context of latency reduction for Rel-17 positioning:
Observation 1: Rel-17 target positioning requirements are stringent when compared to Rel-16 use cases.
Observation 2: Majority of Rel-17 RAT-dependent positioning techniques exceed the Rel-17 target end-to-end latency requirements.
Observation 3: The existing minimum response times between receipt of the RequestLocationInformation and transmission of a ProvideLocationInformation (measurement report, location estimate) do not meet any of the Rel-17 end-to-end latency requirements.
Observation 4: Prioritized PRS transmissions enable enhanced positioning measurement handling and can assist in fulfilling the positioning latency budget as required by the LMF/UE.
Observation 5: RAN3 concluded the feasibility of LMC in NG-RAN.
Observation 6: Beam failure events and measurement report retransmissions can introduce additional delays, which may affect the end-to-end latency of determining a UE’s location estimate.
Observation 7: NLOS TRPs/links can incur additional latency in terms of beam reselection procedures and can also affect the accuracy of a location estimate.
The following proposals are summarized as follows:
Proposal 1: RAN2 supports mechanisms for positioning latency reduction in normative work.
Proposal 2: RAN2 supports RAN1 on measurement gap latency reduction techniques. MG configuration signalling is also under scope of RAN2.
[bookmark: _GoBack]Proposal 3: Study lower layer, e.g. RRC signalling techniques to reduce the current LPP response time in order to fulfill the required positioning latency budget.
Proposal 4: RAN2 supports measurement report latency reduction techniques. FFS CG-based and priority rule reporting solutions and corresponding signalling during the WI phase.
Proposal 5: RAN2 agrees to support any RAN1-related impacts related to prioritized PRS transmissions.
Proposal 6: RAN2 to trigger RAN3 on whether the recommended Architecture 3 listed in TR 38.856 is feasible for normative work in terms of reduced latency.
Proposal 7: RAN2 to support mechanisms for mitigating the effects of beam failure and NLOS effects, which can impact the end-to-end positioning latency.
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