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1 Introduction
The Rel-17 NR positioning SID was agreed upon during the RAN#86 [1] meeting with a focus on satisfying requirements defined for IIoT scenarios. The following SID objectives were outlined under the scope of RAN1:
	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, signaling 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]


The following agreements were made in RAN1#101-e, in relation to the latency evaluation for Rel-17 NR Positioning [2]:
	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 (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: 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 (< X m) for [90%] of UEs

· X = [0.2 or 0.5] m

· Vertical position accuracy (< Y m) for [90%] of UEs

· Y = [0.2 or 1] m

· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])

· FFS: Physical layer latency for position estimation of UE (< [10ms])

Note: Target positioning requirements may not necessarily be reached for all scenarios

Agreement:
Network efficiency and UE efficiency can be evaluated at least in an analytical manner.
· FFS: the definition of efficiency metric (e.g., the positioning performance (accuracy, latency) vs. PRS/SRS resource utilization etc.)
· Note: It will be up to each company on whether to use other methods (e.g., numerical simulation) for the evaluation.

Agreement:
Physical layer latency can be evaluated through analysis and, optionally, numerical evaluation.

Agreement:
Higher layer positioning latency can be evaluated in this SI.

· FFS: how to evaluate higher-layer positioning latency

· FFS: which higher-layers should be included in the evaluation


This contribution provides a breakdown on the various latency components in NR positioning including physical layer and higher layer latency aspects.
2 NR Positioning Use cases and Latency requirements
The agreed Rel-17 performance requirements between the IIoT and Commercial use cases can be compared in Table 1, of which certain parameters require down selection (highlighted in yellow) .

Table 1: Rel-17 Positioning KPIs for IIoT and Commercial use cases

	Positioning KPI
	IIoT Use Cases
	Commercial Use Cases

	Horizontal position accuracy
	< [0.2 or 0.5] m for [90%] of UEs
	< 1 m for [90%] of UEs

	Vertical position accuracy
	< [0.2 or 1] m for [90%] of UEs
	< [2 or 3] m for [90%] of UEs

	End-to-end latency for position estimation of UE
	< [10ms, 20ms, or 100ms]
	< [100 ms]

	FFS: Physical layer latency for position estimation
	< [10ms]
	< [10 ms]


For automation and industrial indoor factory use cases, the location accuracy and latency positioning requirements are especially stringent [3]. In particular, the physical layer and end-to-end latency performance requirements should not be comparable with the commercial use cases due to the differing use case requirements in terms of accuracy and latency. This can be noted in Rel-16 positioning methods, which did not consider lower latency positioning and therefore if any identified gaps are found in Rel-17, latency reduction enhancements should be then applied. It is also further acknowledged that latency reduction in positioning may impact the location accuracy and such a tradeoff should also be considered.

As the latency requirements for IIoT use cases are more stringent, we think that both the end-to-end and physical layer latency impact and analysis for commercial use cases are not an essential KPI and can be deprioritized or studied in a best-effort manner. Therefore, the end-to-end latency for UE position estimation should at least only consider reasonable values below 100ms, e.g. 20ms for further down-selection. 
Proposal 1: For NR positioning enhancements in Rel-17, deprioritize the end-to-end latency impact and analysis for commercial use cases and if time permits, this evaluation can be also included as part of study in a best effort manner.
Proposal 2: For NR positioning enhancements in Rel-17, at least only reasonable values below 100ms, e.g. 20ms of end-to-end latency performance requirement for UE position estimation in IIoT use cases should be considered for further down-selection.

According to the SID objective, the achievable latency should be evaluated using Rel-16 NR Positioning techniques in IIoT environments, however the implication that the latency is only to be considered by RAN1 may only lead to the physical layer component of the overall achievable latency being studied, which would only result in a partial assessment of the end-to-end latency impacts. According to the agreements made during the RAN1#101-e meeting [2], the NR positioning achievable latency to be evaluated can be initially divided based on:

1. Positioning latency contribution due to the physical layer 
2. Positioning latency contribution due to higher layers 
The breakdown of the above two positioning latency components will be described in the next section.
3 Delay Analysis for NR Positioning
As mentioned earlier, the positioning latency comprises of multiple components contributing to the total overall end-to-end delay for RRC_CONNECTED UEs, since the Rel-16 LPP session with the LMF can only be initiated in this state. The limitations in positioning performance depend on several factors such as accuracy requirements from the LCS client/Application function, physical availability of PRS resources and operator deployments. The following sub-sections aim to provide a general breakdown of the different delay components in the case of DL-based positioning procedures.
3.1 Physical Layer 
The physical layer aspect from the UE perspective mainly concerns the latency incurred when performing UE measurements and the processing delay based on the PRS configuration associated with a positioning technique configured by the LMF. This is applicable to both UE-assisted and UE-based positioning procedures.

A key assumption is that the UE is already in RRC_CONNECTED state and has exchanged prior LPP messages such as capability and assistance data, which will be further discussed in Section 3.2. Any potential state transitional delays for performing measurements and reporting do not need to be considered for the purposes of the positioning latency evaluation. The RACH latency may also be ignored for the sake of this evaluation based on the assumption that this is an inherent delay due to the UE’s initial access procedures and does not contribute to the actual positioning latency. 
Proposal 3: For NR positioning enhancements in Rel-17, the latency due to any state transition delays and existing RACH procedures should be ignored for the positioning latency evaluation. 

Proposal 4: For NR positioning enhancements in Rel-17, the latency evaluations should be carried out with the assumption that the UE is already in RRC_CONNECTED state.
UE Processing and Measurement Timeline for positioning
The UE processing time should be defined between the instance the UE receives the assistance data containing the positioning measurement configuration and the instance that the positioning measurements are ready to be reported to the LMF as seen in Figure 1. It should be noted that any measurement errors or L1 radio failure events are also not considered and may contribute to additional delays.
1. The ProvideAssistanceData message provides the DL-PRS configuration information per TRP per positioning method, e.g. DL-TDOA, DL-AOD and Multi-RTT to the UE for processing and measurements. DL-PRS resource configuration parameters such as frequency layer, periodicity, comb-pattern, PRS resource set slot offset etc. are conveyed within this LPP message.
2. The reporting configuration is provided by the RequestLocationInformation message, which includes the number of measurements, reporting granularity for RSTD and UE Rx-Tx measurements, enable/disable RSRP measurements, etc. in the case of the UE-assisted positioning, while in the case of UE-based positioning it may be a direct request for the UE’s location estimate. 

3. The time taken to perform a single RSRP/RSTD/UE Rx-Tx difference measurement depending on the configured DL-PRS resources as indicated in Step 1. The delay component arising from this step is primarily influenced on the DL-PRS resource structure (such as DL-PRS periodicity, number of DL-PRS occasions). It should be noted that a single RSTD measurement is per a pair of TRPs, while a single RSRP/UE-Rx-Tx difference measurement applies to a single TRP. Furthermore, additional latency can be incurred between intra-frequency and inter-frequency measurements due to the configuration of the measurement gap outside an active DL BWP and subsequent switching to perform the measurement.
4. At this time instance, the UE has performed the configured number of measurements and transmits the measurement report to the LMF.
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Figure 1: UE Measurement and Processing timeline
Observation 1: For NR positioning enhancements in Rel-17, the configuration of the DL-PRS resources including periodicity and occasion number as well as the amount of UE measurements to be reported to the LMF can affect the UE processing delay.  
The delay component breakdown can also be extended to analyse the gNB measurement and processing timeline for UL-based positioning methods.
3.2 Higher-layer Latency

The next issue would be to define the end-to-end latency of obtaining a UE’s position estimate, i.e. the time between the LCS Client/Application Function (AF) initiating a location service request and the time to receive the said location service response. A key open issue from the RAN1#101-e meeting [2] was to define the main components that contributed to the higher-layer latency. It is also acknowledged that physical layer latency discussed in Section 3.1 is one of the components within the end-to-end positioning latency evaluation. The delay components arising from signalling exchanges between the LCS Client/Application Function, LMF, AMF, gNB and UE are considered at least for DL-based positioning techniques. 
Although largely similar, the procedures for UL-based positioning techniques are certain different considerations, e.g. UE configuration of the SRS for positioning and gNB measurement reporting.   

Figure 2 illustrates the key sequential procedures to be considered for the latency evaluation from the CN-side (Figure 2 (a)). Location service (LCS) request may be initiated by the LCS client or Application Function (based on NI-LR/MT-LR) or the LCS Client may also reside in the UE as in the case of MO-LR [4].  Packet congestion and delays due to transmission over backhaul links may also contribute to the overall end-to-end latency, which can therefore add to the perceived end-to-end positioning estimate delay. Accordingly, 5GC delays may vary widely depending on different regional deployments. SA2 may provide a clearer picture on the delays to be expected at CN side. The LCS responses are finally received by the LMF via the AMF. 
According to Figure 2 (b), LMF exchanges an information request and response with the serving and neighbouring gNBs [5] relating to the DL resources for a particular positioning procedure. In the case of UL-based positioning methods, a measurement reporting procedure would also be considered after the required gNBs have performed the UL-based measurements. RAN3 may also provide guidance on the delay incurred on the transmission of messages along the NRPPa interface. 

Proposal 5: Consider the input and guidance from SA2 and RAN3 WGs regarding the detailed positioning latency evaluations from CN and NG-RAN.
[image: image2.png]Application

Core Network
Procedures

gNB

Neighbouring gNB

LCS dient

®

GMLC/IRF

ubm

Application
Function

NEF

_______ . 1.LCS Request from LCS Client
(MT-LR)

== 1. LCS Request from AF (MT-LR)

—P 1. LCS Request from UE-based

LCS Client (MO-LR)
—— 2. Forwarded LCS Request from
AMF to LMF

NG-RAN
Procedures

gNB
gNB

Serving

Neighbouring
gNB

)

LCS dient

. 1 NRPPa: Information Request

® |—> 2. NRPPa: Information Response|





Figure 2: (a) CN-LCS Request Procedures (b) NG-RAN Information Request Procedures 
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Figure 3: (a) UE Capability and Assistance Data Procedures (b) UE Location information and CN LCS Response Procedures
Figure 3 illustrates the key DL-based positioning procedures between the LMF and UE to be considered for the latency evaluation from the LPP point of view, where  Figure 3 (a) highlights the LPP positioning initiation procedures including capability and assistance data exchange and Figure 3 (b) focuses on the higher layer procedures for the location information procedures. The procedures highlighted in Figure 3 (a) and (b) are tightly connected with the physical layer procedures in terms of the DL-PRS measurements and subsequent reporting. Since LPP procedures fall under the scope of RAN2, they are well-suited to providing such latency evaluations.
Proposal 6: Consider the input and guidance from the RAN2 WG regarding the detailed latency evaluations of the LPP procedures.
It should also be noted that the above aspects do not consider the latency incurred when there is an error associated with the LMF or target-UE depending on the configured RAT-dependent positioning technique. 
Therefore the end-to-end latency can be collectively evaluated in terms of the CN, LMF, NG-RAN, LPP and physical layer procedures as illustrated in Figures 2 and 3.
Proposal 7: The end-to-end positioning latency can be collectively evaluated in terms of the CN, LMF, NG-RAN, LPP and physical layer procedures.
4 Conclusion
The following observations and resulting proposals are summarized as follows:
Observation 1: The configuration of the DL-PRS resources including periodicity and occasion number as well as the amount of UE measurements to be reported to the LMF can affect the UE processing delay.
Proposal 1: For NR positioning enhancements in Rel-17, deprioritize the end-to-end latency impact and analysis for commercial use cases and if time permits, this evaluation can be also included as part of study in a best effort manner.
Proposal 2: For NR positioning enhancements in Rel-17, at least only reasonable values below 100ms, e.g. 20ms of end-to-end latency performance requirement for UE position estimation in IIoT use cases should be considered for further down-selection.
Proposal 3: For NR positioning enhancements in Rel-17, the latency due to any state transition delays and existing RACH procedures should be ignored for the positioning latency evaluation. 

Proposal 4: For NR positioning enhancements in Rel-17, the latency evaluations should be carried out with the assumption that the UE is already in RRC_CONNECTED state.
Proposal 5: Consider the input and guidance from SA2 and RAN3 WGs regarding the detailed positioning latency evaluations from CN and NG-RAN.
Proposal 6: Consider the input and guidance from the RAN2 WG regarding the detailed latency evaluations of the LPP procedures.
Proposal 7: The end-to-end positioning latency can be collectively evaluated in terms of the CN, LMF, NG-RAN, LPP and physical layer procedures.
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