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1	Introduction
[bookmark: _Hlk54004029]The Rel17 SID on NR Positioning has the following objective [1] :
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.
In RAN2#111e, the following agreements were made [2]:

RAN2 to study positioning in idle/inactive mode, on-demand PRS and latency analysis in the study phase.

In this contribution, we discuss signalling and procedure aspects related to DL-based positioning methods that contribute to end-to-end (E2E) latency. We also identify potential enhancements that can be used towards meeting the latency requirements targeted for Rel-17.
2 		Discussion
Positioning latency has been analyzed in previous meetings. Both RAN1 and RAN2 observe that E2E latency is accumulated across multiple steps and discussed potential solutions that can shorten the associated latency of the individual steps. RAN1 has specifically agreed in RAN1#103-e meeting that latency reductions related to measurement reporting and request as well as the configuration of measurement gaps should be studied. RAN2 has also continued to discuss different solutions for reducing positioning latency. 
Let us take the case of UE-assisted DL-TDOA as an example. Figure 1 illustrates the procedure of DL-TDOA concluded from RAN2 email discussion R2-2009001 [3], while the latency components for each of the steps in Figure 1 are given in Table 1. Table 1 is adopted from [4], where the last column that details the sub-components per each latency component is omitted for brevity.


Figure 1: procedure for DL-TDOA/DL-AoD

Table 1: Latency for UE assisted DL-TDOA and DL-AoD  [4]
	Latency Component 
	Value Range (ms) 

	Step 1 LPP Request capabilities 
	18-34.5 

	Step 2 LPP Provide Capabilities 
	25-54.5 

	Step 3 LPP Provide Assistance Data 
	28-44.5 

	Step 4 LPP Request Location Information 
	23-39.5 

	Step 5 RRC Location Measurement Indication 
	5-8.5 

	Step 6 RRC Measurement Gap configuration 
	13-13.5 

	Step 7 DL PRS measurement 
	TDL-Meas 

	Step 8 LPP Provide Location Information 
	20-39.5 

	Step 9 LMF calculation 
	2-30 

	Total values  
	134-264.5 



It follows then from Table 1 that certain steps in the call flow entail substantial latency values, such that tackling the resulting latency components on an individual basis is at least challenging, if not impossible. For example, from a closer look at Table 1 one can realize that the procedures of just requesting and providing location information yield latency values in the range of 43ms – 79ms. A noteworthy improvement on this process would require reducing the latency by at least 30-50%, which, given the description of the latency given in [4, Table 2], we cannot see how this can be pragmatically achieved. Considering also the fact that skipping part of the steps for latency reduction purposes does not constitute a reliable and consistent solution, as is also agreed in [4], we realize that latency solutions targeting specific steps in the positioning call flow cannot be effective, at least to the desired extent.
Observation 1: The higher layer protocol procedures cause considerable latency such that existing solutions targeting specific steps in the positioning call flow have only minor impact.

For supporting more diverse commercial use cases, in Rel-17 the positioning accuracy and latency have tighter target requirements.
· Positioning accuracy ranges from < 1 m for general commercial use cases to < 0.2 m for IIoT Use Cases
· Target latency requirements is set to < 100 ms and for some IIoT use cases, latency in the order of 10 ms is desired 

As can be observed, there exist delay-critical service levels whose latency requirements are even tighter than the latency introduced by only a single latency component (a step in the Table 1 above). Consequently, the existing positioning procedure that involves the LTE Positioning Protocol (LPP) and the Radio Resource Control (RRC) procedure is not optimized for latency sensitive positioning applications. 

Observation 2: Latency requirements for delay-sensitive applications are extremely tight, such that the latency caused by only a single latency component (a step in the overall call flow) is itself greater than the required end-to-end latency.

Given the values of the individual latency components, as these are taken from the RAN2 latency analysis, there is a huge gap between the existing latency and the Rel-17 targets. In view of this challenge, RAN2 should refrain from targeting incremental improvements in latency reduction but rather focus on signalling improvements with substantial latency impact.

Observation 3: Improvements on signalling procedure can improve latency but given the requirements for delay-sensitive commercial use cases, RAN2 should focus on studying drastic improvements with major latency impact.

As can be observed from the latency analysis in Figure 1 and Table 1, the latency components are relatively large partially because of the fact that the NG-RAN in general, and the gNB in particular, are completely precluded from the LPP transactions. That is, any LPP transaction is transparent to NG-RAN, leading to additional signalling exchange between UE and NG-RAN. Such segregation of the NG-RAN from the LPP procedures leaves little room for latency optimization, and in fact renders the solutions proposed so far in RAN2 insufficient for reducing the E2E latency down to the required levels. In this respect, we propose that RAN2 reconsiders the existing NG-RAN UE positioning architecture.

Proposal 1: For meeting the stringent latency requirements, specifically for commercial use cases, RAN2 should reconsider the existing positioning architecture which does not allow inter-layer interactions between LPP and RRC protocols at NG-RAN.

Proposal 2: RAN2 should study how and under which conditions the NG-RAN can have inter-layer interactions between LPP and RRC protocol at NG-RAN.

We believe that a solution involving LMF functions at NG-RAN can fulfil the requirements pointed out in Proposal 1. Such a solution, in addition to enabling NG-RAN to make decisions based on knowledge of positioning transactions, also has the potential to reduce the signalling hops between UE and LMF and thereby offer additional latency reduction. 

Proposal 3: Capture in the study item technical report (TR) that it is recommended to study further in the normative phase, solutions that allow LMF functions in NG-RAN and solutions that allow NG-RAN awareness of positioning transactions.
3 	Conclusion
The proposals and observations made in this contribution are summarized below.
Observation 1: The higher layer protocol procedures cause considerable latency such that existing solutions targeting specific steps in the positioning call flow have only minor impact
Observation 2: Latency requirements for delay-sensitive applications are extremely tight, such that the latency caused by only a single latency component (a step in the overall call flow) is itself greater than the required end-to-end latency.
Observation 3: Improvements on signalling procedure can improve latency but given the requirements for delay-sensitive commercial use cases, RAN2 should focus on studying drastic improvements with major latency impact.
Proposal 1: For meeting the stringent latency requirements, specifically for commercial use cases, RAN2 should reconsider the existing positioning architecture which does not allow inter-layer interactions between LPP and RRC protocols at NG-RAN.
Proposal 2: RAN2 should study how and under which conditions the NG-RAN can have inter-layer interactions between LPP and RRC protocol at NG-RAN.
Proposal 3: Capture in the study item technical report (TR) that it is recommended to study further in the normative phase, solutions that allow LMF functions in NG-RAN and solutions that allow NG-RAN awareness of positioning transactions.
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Note 1: For a deferred MT-LR, steps 1 and 2 are not needed as an LMF only needs to obtain the UE capabilities once.
Note 2: The procedure considers the worst-case scenario involving obtaining assistance data and use of measurement gaps.



