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Introduction
The WID [1] for Rel-17 NR positioning enhancements includes the following objectives related to latency reduction for NR positioning measurements
· 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 started discussing Rel-17 NR positioning enhancements in RAN4#99-e and initial agreements were captured in a WF [1], including the following agreements regarding 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 

Additionally, RAN4 has received an LS from RAN1 [2] following the agreement below, requesting 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.”


Agreement:
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


In accordance with the above WID objectives, agreements and LS, we will discuss the following topics in this contribution.
· Reply LS
· Factors impacting the measurement period duration
· Discussion of simulation assumptions
Reply LS
We propose the following response to the LS [2] from RAN1.
Proposal 1: RAN4 agrees that for latency reduction it would be beneficial to specify requirements for PRS-based measurements with M (1<=M<4) number of samples and believes measurements with reduced number of samples should be feasible under appropriate conditions.  RAN4 will identify the impact on requirements, including side condition, and report its findings to RAN1 at a later time.
Factors impacting the measurement period duration
In this section we discuss the dependence of Rel-16 measurement period requirements for PRS-RSTD, PRS-RSRP and UE Rx-Tx time difference on various factors, including UE PRS processing capability and number of samples. For convenience, below we reproduce the basic equations for PRS-RSTD measurement period [2].  Similar equations apply for PRS-RSRP and UE Rx-Tx time difference. Rel-16 assumes .


Consider the scenario described in Table 1 to illustrate the achievable reduction of measurement period duration by reducing the number of samples. Table 2 shows the corresponding measurement period requirement specified in Rel-16 assuming two operating regimes. The top row of Table 2 shows an example in the processing-limited regime, where the measurement period is scaled according to the UE PRS processing capabilities. The numbers shown in the top row assume a ratio of load to processing throughput equal to 2 for each of the three processing parameters ,  and . The bottom row of Table 2 shows corresponding numbers in the load/demand limited regime, i.e. when the measurement period is limited by PRS availability as determined by PRS periodicity and measurement gap (MG) periodicity.
Comparing the two rows in Table 2, the ratio of the measurement period lengths is approximately equal to 8 (e.g. for , 5280/648 ~ 8). This is expected because the measurement period duration is approximately proportional to the product of the ratio of load to processing throughput for each of the three parameters ,  and . This motivates the definition of an effective normalized load  as follows

  approximately captures the scaling of the measurement period duration due to UE PRS processing limitations relative to the load/demand limited regime . Note that this definition of normalized load is specific to the definition of PRS measurement period requirement specified in Rel-16.
Observation 1: The duration of the Rel-16 PRS measurement period requirement scales approximately linearly with the effective normalized PRS load , defined as follows

where all the parameters above are defined in TS 38.133 v16.8.0, clause 9.9.2.5.  corresponds to the processing limited regime and   to the load/demand limited regime.
Regarding the reduction of measurement period duration with number of samples, as expected, the results in Table 2 show a linear relationship between the number of samples and the Rel-16 measurement period duration. 
However, note that based strictly on the Rel-16 requirements, it is not possible to achieve short measurement period durations on the order of the MG length (10 ms), even in the load/demand limited regime (not limited by UE processing capability) with . This is because the Rel-16 requirements assume that, in the worst case, PRS resources in a PFL may be distributed with different slot offsets throughout the time period . Thus, the lower bound for measurement period based strictly on Rel-16 requirements ends up being dominated by , which is always significantly larger than MGL since  is a multiple of MGRP.
The measurement period requirement would need to be revised in Rel-17 in order to reflect the need for lower measurement latency, on the order of MGL. In our view, this kind of optimization makes sense only for PFLs where all PRS resources are concentrated (available) in a single measurement gap instance.
The analysis above is also applicable to scenarios with multiple PFLs and positioning use cases in FR2.
Observation 2: The lower bound of the Rel-16 PRS measurement period requirement is dominated by , which is always significantly larger than MGL since  is a multiple of MGRP.
Proposal 2: The PRS measurement period requirement should be revised in Rel-17 in order to achieve measurement period durations comparable to MGL for low-latency NR positioning measurements.
Proposal 3: Measurement period optimizations related to  should be considered for positioning frequency layers in which all PRS resources are contained within a single measurement gap instance per .
Finally, we propose that measurement latency optimizations with respect to MG sharing and sweeping of UE Rx beams (in FR2) be discussed by RAN4.
Regarding MG sharing between RRM and positioning measurements, our view is that it would be desirable to prioritize low-latency positioning measurements in a similar way that long-periodicity measurements where prioritized in Rel-16. i.e. a new low-latency condition should be introduced by RAN in Rel-17 to prioritize low-latency positioning measurements. Another way to prioritize positioning measurements in the context of MG enhancements for Rel-17 (multiple concurrent MG) would be to support configuring a dedicated MG for positioning measurements.
Proposal 4: Similar to the “long-periodicity” condition in Rel-16, RAN4 should specify a condition to prioritize low-latency positioning measurements by setting  for positioning frequency layers that satisfy the low-latency condition. The new low-latency condition in Rel-17 could be limited to scenarios where a dedicated MG for positioning is not configured by the network.
Proposal 5: For UEs that support multiple concurrent MG in Rel-17, the UE should be able to request and the network should be able to configure a dedicated MG for positioning measurements, so that .
Proposal 6: For NR positioning measurements in FR2, measurement latency optimizations by reducing  should also be discussed by RAN4.


	Parameter
	Value
	Comment

	L
	1
	One positioning frequency layer (PFL)

	
	1
	Assume no sharing of measurement gaps with RRM measurements

	
	1
	RAN4 assumption for FR1

	
	80 ms
	Assume MG pattern 24 (MGL = 10 ms, MGRP = 80 ms)

	
	160 ms
	Expected to be typical PRS periodicity for initial field deployments. Assume all PRS resource sets have the same periodicity.

	
	160 ms
	Least common multiple of  and 

	
	8 ms
	Assume 8 ms worth of PRS duration (16 slots for SCS = 30 kHz), calculated according to type 2 (slot-level) PRS buffering capability, overlapping with one MG instance per 160 ms.

	
	8
	Assume eight PRS resources allocated per slot. For SCS = 30 kHz and  ms, this would correspond to 128 PRS resources in the PFL.


[bookmark: _Ref78009730]Table 1: Sample NR positioning scenario in FR1

	Operating regime
	
	
	
	

	Processing limited E.g.



	 ms
	 ms
	 ms
	 ms

	Load/demand limited



	 ms
	 ms
	 ms
	 ms


[bookmark: _Ref78009779]Table 2: Rel-16 PRS measurement period requirement for scenario in Table 1.



Discussion of simulation assumptions
In Rel-16, RAN4 agreed on simulation assumptions that were used to develop measurement accuracy requirements for PRS-RSTD, PRS-RSRP and UE Rx-Tx time difference [3,4]. Subsequently, during the alignment effort to reconcile simulation results submitted by different companies, RAN4 realized that further assumptions were needed to bring results closer together. Also, additional PRS configurations were added to the list of simulated scenarios to enable developing requirements for a wider, more inclusive set of conditions. The additional assumptions and configurations were (mostly) captured in spreadsheets provided by the moderator company (Intel) of Rel-16 NR positioning performance requirements email discussion and submitted as formal documents, e.g. [5].
For Rel-17 NR positioning enhancements, RAN4 should use the Rel-16 simulation assumptions in [3,4] as the baseline for evaluating the impact to existing requirements and/or developing new requirements. For clarity and completeness, RAN4 should consolidate all the assumptions that were finally agreed in Rel-16 into one document for easy reference by all companies. Some of the assumptions that should be added/clarified include:
1. Definition of ideal time of arrival (TOA) of DL-PRS, applicable for AWGN and multi-path fading channels, and the corresponding reference point at the UE receiver.
2. Distribution of ideal TOA observed by the UE in the simulations.
3. Maximum sampling rate assumption for DL-PRS at the UE receiver for each scenario.

Additionally, RAN4 should discuss which previously agreed simulation parameters and configurations, if any, are not relevant within the scope of the Rel-17 WID and can be removed, with the intent of managing the simulation burden for companies in RAN4. Similarly, RAN4 should choose a reduced set of scenarios as the focus for initial simulations, with the understanding that additional scenarios may be added during the performance phase of the WID, as work progresses.
Proposal 7: For Rel-17 NR positioning enhancements, RAN4 should use the Rel-16 simulation assumptions as the baseline (starting point) for evaluating the impact to existing requirements and/or developing new requirements.
Proposal 8: RAN4 should consolidate all the simulation assumptions that were finally agreed in Rel-16 into one document for easy reference by all companies. Some of the assumptions that should be added/clarified include:
a. Definition of ideal time of arrival (TOA) of DL-PRS, applicable for AWGN and multi-path fading channels, and the corresponding reference point at the UE receiver.
b. Distribution of ideal TOA observed by the UE in the simulations.
c. Maximum sampling rate assumption for DL-PRS at the UE receiver for each scenario.

Proposal 9: RAN4 should discuss which previously agreed simulation parameters and configurations, if any, are not relevant within the scope of the Rel-17 WID and can be removed, with the intent of managing the simulation effort.
Proposal 10: RAN4 should choose a reduced set of scenarios as the focus for initial simulations, with the understanding that additional scenarios may be added as work progresses.
Regarding the question of how the  side condition for NR positioning measurement accuracy requirements would be affected with a reduced number of samples, we can draw some initial conclusions from the latest agreements in Rel-16 NR positioning [6].
In Rel-16, there was initial agreement in RAN4#99 on the baseline accuracy requirements for RSTD and UE Rx-Tx based on simulation results, but margin values are still FFS. Table 3 and Table 4 show UE Rx-Tx time difference accuracy requirements in AWGN for FR1 and FR2, respectively. In addition, to the baseline accuracy at the two selected side conditions  the tables show a lower bound derived from the maximum sampling rate assumption at the UE receiver for each PRS configuration [5]. The lower bound assumes that the UE always finds the closest point to the ideal TOA at the assumed time resolution and that the TOA error is uniformly distributed. It is seen that in most cases the agreed accuracy from simulations (excluding margin) is close to the lower bound, independent of the side condition. This suggests that in AWGN the accuracy is mostly limited by the sampling rate (resolution) assumption rather than the side condition. Larger accuracy deltas are seen at lower PRS BW configurations (mostly ≤ 32 PRB) that have lower coherent PRS processing gain (due to lower number of PRBs and limited number of repetitions).
Observation 3: The UE Rx-Tx time difference measurement accuracy in AWGN at the higher side condition  is not expected to degrade significantly if the number of samples is reduced, with the exception of PRS configurations with ≤ 32 PRB.
For UE Rx-Tx accuracy in fading conditions, based on the agreements in [6] a similar observation can be made. Except for PRS configurations with low PRS bandwidth (≤ 24 PRB) the difference in accuracy between high and low side conditions is not significant.
Observation 4: The UE Rx-Tx time difference measurement accuracy in fading conditions at the higher side condition  is not expected to degrade significantly if the number of samples is reduced, with the exception of PRS configurations with ≤ 24 PRB.
Proposal 11: To evaluate the impact of reduced number of samples on the side condition, RAN4 should focus first on the lower side condition  or the higher side condition with low PRS bandwidth (≤ 32 PRB).



	[bookmark: _Hlk78039202]Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
 

	Lower bound
	Es/Iot = -3 dB
	Es/Iot = -13 dB
	
	
	

	60.8
	[78 + margin]
	[101 + margin]
	≥ [24]
	15
	≥ 4

	60.8
	[59 + margin]
	[75 + margin]
	≥ [52]
	
	All

	30.4
	[30 + margin]
	[39 + margin]
	≥ [104]
	
	All

	60.8
	[TBD + margin]
	[TBD + margin]
	≥ [24]
	30
	≥ 4

	30.4
	[30 + margin]
	[37 + margin]
	≥ [48]
	
	All

	15.2
	[15 + margin]
	[16 + margin]
	≥ [132]
	
	All

	30.4
	[29 + margin]
	[36 + margin]
	≥ [24]
	60
 
	≥ 4

	15.2
	[15 + margin]
	[16+ margin]
	≥ [64]
	
	All

	7.6
	[7+ margin]
	[8 + margin]
	≥ [132]
	
	All

	Note: Margin value is FFS


[bookmark: _Ref78041375]Table 3: Rel-16 UE Rx-Tx time difference measurement accuracy for FR1 and AWGN.


	Accuracy, 
Tc
	PRS BW, 
PRB
	PRS SCS,
kHz
	Repetition factor  (
 

	Lower bound
	Es/Iot = -3 dB
	Es/Iot = -13 dB
	
	
	

	15.2
	[22 + margin]
	[35 + margin]
	≥ [24]
	60
	[All]

	15.2
	[15 + margin]
	[15 + margin]
	≥ [64]
	
	All

	7.6
	[7 + margin]
	[7 + margin]
	≥ [132]
	
	All

	7.6
	[12 + margin]
	[14 + margin]
	≥ [32]
	120
 
	[All]

	7.6
	[7 + margin]
	[9 + margin]
	≥ [64]
	
	All

	3.8
	[4 + margin]
	[4 + margin]
	≥ [128]
	
	All

	Note: Margin value is FFS


[bookmark: _Ref78041384]Table 4: Rel-16 UE Rx-Tx time difference measurement accuracy for FR2 and AWGN.
Conclusions
Proposal 1: RAN4 agrees that for latency reduction it would be beneficial to specify requirements for PRS-based measurements with M (1<=M<4) number of samples and believes measurements with reduced number of samples should be feasible under appropriate conditions.  RAN4 will identify the impact on requirements, including side condition, and report its findings to RAN1 at a later time.
Observation 1: The duration of the Rel-16 PRS measurement period requirement scales approximately linearly with the effective normalized PRS load , defined as follows

where all the parameters above are defined in TS 38.133 v16.8.0, clause 9.9.2.5.  corresponds to the processing limited regime and   to the load/demand limited regime.
Observation 2: The lower bound of the Rel-16 PRS measurement period requirement is dominated by , which is always significantly larger than MGL since  is a multiple of MGRP.
Proposal 2: The PRS measurement period requirement should be revised in Rel-17 in order to achieve measurement period durations comparable to MGL for low-latency NR positioning measurements.
Proposal 3: Measurement period optimizations related to  should be considered for positioning frequency layers in which all PRS resources are contained within a single measurement gap instance per .
Proposal 4: Similar to the “long-periodicity” condition in Rel-16, RAN4 should specify a condition to prioritize low-latency positioning measurements by setting  for positioning frequency layers that satisfy the low-latency condition. The new low-latency condition in Rel-17 could be limited to scenarios where a dedicated MG for positioning is not configured by the network.
Proposal 5: For UEs that support multiple concurrent MG in Rel-17, the UE should be able to request and the network should be able to configure a dedicated MG for positioning measurements, so that .
Proposal 6: For NR positioning measurements in FR2, measurement latency optimizations by reducing  should also be discussed by RAN4.
Proposal 7: For Rel-17 NR positioning enhancements, RAN4 should use the Rel-16 simulation assumptions as the baseline (starting point) for evaluating the impact to existing requirements and/or developing new requirements.
Proposal 8: RAN4 should consolidate all the simulation assumptions that were finally agreed in Rel-16 into one document for easy reference by all companies. Some of the assumptions that should be added/clarified include:
a. Definition of ideal time of arrival (TOA) of DL-PRS, applicable for AWGN and multi-path fading channels, and the corresponding reference point at the UE receiver.
b. Distribution of ideal TOA observed by the UE in the simulations.
c. Maximum sampling rate assumption for DL-PRS at the UE receiver for each scenario.

Proposal 9: RAN4 should discuss which previously agreed simulation parameters and configurations, if any, are not relevant within the scope of the Rel-17 WID and can be removed, with the intent of managing the simulation effort.
Proposal 10: RAN4 should choose a reduced set of scenarios as the focus for initial simulations, with the understanding that additional scenarios may be added as work progresses.
Observation 3: The UE Rx-Tx time difference measurement accuracy in AWGN at the higher side condition  is not expected to degrade significantly if the number of samples is reduced, with the exception of PRS configurations with ≤ 32 PRB.
Observation 4: The UE Rx-Tx time difference measurement accuracy in fading conditions at the higher side condition  is not expected to degrade significantly if the number of samples is reduced, with the exception of PRS configurations with ≤ 24 PRB.
Proposal 11: To evaluate the impact of reduced number of samples on the side condition, RAN4 should focus first on the lower side condition  or the higher side condition with low PRS bandwidth (≤ 32 PRB).
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