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In 3GPP RAN#86[1], a study item for Rel-17 NR positioning enhancements was approved, and later it was revised in RAN#88e [2].  The objectives of Rel-17 positioning SI, under RAN1 scope, is to study solutions to enhance positioning accuracy, reduce latency, and improve network and device efficiency, as it can be found below:

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.

Further, it was agreed in RAN1#101e that [3]:
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:
· UE power consumption for NR positioning can be optionally evaluated in the SI.
· Note: It is up to each company on how to evaluate the power consumption for positioning. The UE power consumption models developed in TR38.840 can be considered as the starting point for defining the UE power consumption model for the evaluation for NR positioning

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

Agreement:
· InF-SH and InF-DH models in TR 38.901 are adopted as the baseline scenarios for defining the channel models, parameters and modelling techniques for performance evaluations in the Rel. 17 positioning enhancements at least for IIoT use cases

Agreement:
Clutter parameters {density , height ,size }: 
· For Low clutter density: {20%, 2m, 10m}
· for high clutter density are set as follows:
· (Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
· (Optional): {40%, 3m, 5m}
· (Optional): {60%, 6m, 2m}
Agreement:
Optional: For evaluating vertical positioning performance, UE antenna height can be uniformly distributed within [0.5, X2]m, where X2 = 2m for InF-SH and X2= for InF-DH defined in TR 38.901.

In this contribution, we present our views and analysis on physical layer latency for positioning based on Rel-16 signalling procedures and specifications.  


Physical Layer Latency Analysis 
L1 Latency Analysis for DL Positioning

In [2], it is mentioned that the target latency requirement for Rel-17 positioning SI is less than 100 ms; and for some IIoT use cases, latency in the order of 10 ms is desired. In RAN1#101-e, as mentioned above, the latency was breakdown for both commercial and IIoT use-cases, where it was agreed as FFS that the physical layer latency for position estimation of UE to be < [10ms]. Given that for some IIoT use-cases the end-to-end latency for position estimation can be in the order of 20ms or even 10ms, we note that at least for such IIoT use-cases, L1 latency should be in the order of few ms. 

In the following, we evaluate the achievable L1 latency for position estimation based on Rel-16 specifications. The focus of this latency analysis is on DL UE positioning, for which the components of the physical layer latency include UE positioning measurements, processing and reporting. We assume that the UE is already in connected mode. Table-1 summarizes our evaluation assumptions for the following analysis.


Table 1. Parameter Assumptions
	parameter
	value

	Number of Positioning Frequency Layers (PFL)
	1

	Number of TRPs per PFL
	18 (under FR1 assumption)

	Number of DL PRS Resource Sets per TRP per PFL
	1

	Number of DL PRS Resources per PRS Resource Set
	18

	
	{2, 2}, or {6, 6}

	PRS SCS
	30kHz




UE positioning measurements and processing
Following the base station deployment model for the indoor factory scenario given by [3], we assume 18 TRPs, and single PRS transmission from each TRP. Thus, UE would need to receive and process 18 DL-PRS resources. We also assume that the slot offset , which can be up to the DL-PRS periodicity, and the downlink PRS resource slot offset , are such that PRS receptions are aligned with the measurement gap length (MGL), after RF retuning. We should note that on average, DL-PRS alignment within the MGL may need half of the PRS periodicity. Hence, the assumption here on PRS reception aligned with MGL, after RF retuning gap, is to minimize the latency. Further to reduce the latency, we assume that 18 PRS resources are multiplexed together to the extent possible, as it is explained below.

In Rel-16, the duration of a DL-PRS resource in the time domain , given by the higher-layer parameter dl-PRS-NumSymbols-r16, can be  symbols within the PRS reception slot. Furthermore, the PRS resource comb size , given by the higher-layer parameter dl-PRS-CombSizeN-r16, can be . However, the combination of  shall be one of {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12}. Under such specification, the minimum number of symbols required to receive 18 DL-PRS resources from 18 TRPs, is 18 symbols which is achieved with the configuration , or . 

Based on the assumptions and analysis mentioned above, the required time to receive 18 PRS resources from all TRPs is about 0.65ms, that is 18 symbols at 30kHz SCS. Now, let’s assume at 30kHz SCS, UE would require 2 slots, after the last symbol of the last PRS resource reception, to complete processing the PRS measurements. Note that 2 slots, is just a number to simplify the calculations, nothing that we propose at this stage. Also note that if UE is supposed to calculate the position location, e.g. in UE-based DL positioning, processing time could be larger.


Alignment latency for positioning reporting
UE can report positioning measurement and/or location estimation on a PUSCH grant. The PUSCH grant for this report can be a configured grant (CG) or a dynamic grant. We note that latency components for positioning report on DG-PUSCH may include, delay to align with SR opportunity, gNB processing time to receive SR and to align with PDCCH monitoring occasions to grant the PUSCH, and N2 symbols (as given by TS 38.214, Table 6.4-1 or Table 6.4-2, depending on UE capability) for UE to process PDCCH and to prepare for PUSCH transmission. Again, to minimize the latency, we assume UE is configured with an UL CG, with 1 slot periodicity. It should be noted that NR specification allows a CG configuration with less than a slot periodicity, but 1 slot periodicity seems more reasonable for our calculations. 

Now, there is an alignment latency which is the time gap between the time when UE is ready to report positioning measurements and the time when PUSCH grant is available. In general, gNB cannot make this alignment delay to be zero, e.g. by properly configuring the CG offset and/or periodicity, as the alignment delay could vary depending on different factors like UE’s timing advance. Thus, we assume the average alignment latency is half of the CG periodicity, i.e. half a slot based on the assumption of a CG PUSCH with 1 slot periodicity. We also assume that PUSCH duration that carries positioning measurements and/or location calculations is one slot. Thus, the average required latency to report positioning measurements is 1.5 slot, or 0.75ms at 30kHz SCS.
Based on the above assumptions and discussions, Table 2 summarizes the achievable physical layer latency for DL positioning measurement, processing and reporting. 


Table 2. L1 Latency Analysis for DL Positioning
	parameter
	value

	DL-PRS receptions 
	0.65ms

	DL Positioning measurement and processing 
	1ms

	Alignment delay for positioning report
	0.25ms

	PUSCH duration for positioning report 
	0.5ms

	sum
	2.4ms





While the above analysis seems quite promising in achieving the physical layer latency for positioning estimation in the order of few ms and just by relying on Rel-16 specifications, we have to recall that within our analysis, we made a substantial assumption on PRS aligned with MGL. As can be observed from discussion and analysis above, if PRS periodicity is not aligned with MGL, an average latency as half of the PRS periodicity would be introduced to the above 2.4ms latency number. That is, e.g. an additional 10 ms for a PRS with 20 ms periodicity. Of course, the lower periodicity the lower alignment delay but that is at the cost of more network overhead, i.e. less network efficiency, while we should note that improving network efficiency is another objective of this SI.      

Based on the above discussions, we have the following observations:
Observation 1: Physical layer latency on DL PRS measurement and reporting highly depends on the PRS periodicity. 
Observation 2: Under Rel-16 specification, L1 latency becomes smaller with shorter PRS periodicities, i.e at the cost of larger NW overhead. 


Conclusions
In this contribution, we provided our initial analysis and views on physical layer latency for DL positioning measurement and reporting, based on Rel-16 specification. We made the following observations:
Observation 1: Physical layer latency on DL PRS measurement and reporting highly depends on the PRS periodicity. 
Observation 2: Under Rel-16 specification, L1 latency becomes smaller with shorter PRS periodicities, i.e at the cost of larger NW overhead. 
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