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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#102-e, in relation to the latency evaluation considerations for Rel-17 NR Positioning [2]:
	Agreement:
Physical Layer Latency Start and End times are defined as follows:
Method
Start
End
UE assisted DL-only & DL-ECID & Multi-RTT
Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message

Successful decoding of the PUSCH carrying the LPP Provide Location Information message 

UL-only method & UL ECID & Multi-RTT
Reception by the gNB of the NRPPa measurement request message

The transmission by the gNB of the NRPPa measurement response message

UE-based

Transmission of the PDSCH from the gNB carrying the LPP Request Location Information if applicable, otherwise,

· Alt. 1: transmission of the PUSCH carrying the MG Request from the UE.
· Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data

· Alt. 3: Start of the Reception of DL PRS

Note: Suggest to downselect this at the next meeting.

Note: The high layers latency components may be subject to adjustment for different alternatives.
Successful decoding of the PUSCH at gNB carrying the LPP Provide Location Information message if applicable, otherwise Calculation of Location Estimate at the UE
 

Agreement:

· At least the following information is provided for positioning physical layer latency analysis:

· Source initiating request for positioning measurements/location for a given UE (UE, Network)

· Destination awaiting for positioning measurements/location for a given UE (UE, Network)

· Start and end triggers/events for physical layer latency evaluation 

· For Rel.16 solutions, it is based on specification for each solution

· Initial and final RRC State of positioned UE (RRC IDLE, INACTIVE, CONNECTED) at the start and end time for the physical layer latency evaluation

· Positioning 

· technique (enumeration): (1) DL-TDOA, (2) DL AoD, (3) UL-TDoA, (4) UL-AoA, (5) Multi-RTT, (6) E-CID

· type: DL, UL, DL+UL

· mode: UE-based, UE-assisted

· Latency component w/ value range and description, including information on any parallel (simultaneous) components

· Total latency value

· Latency components are recommended to be captured in table and ordered consequently in time starting from the earliest one:

Source [UE, NW]/Destination [UE, NW]

Positioning technique [DL-TDOA, E-CID, …], type [DL, UL, DL+UL], mode [UE-A, UE-B], 

Initial and Final RRC States [IDLE, INACTIVE, CONNECTED]

Latency Component

Value Range

Description of Latency Component

Start trigger

Name of component 1

Name of component 2

Name of last component

End trigger

Total values 




This contribution provides a breakdown of the various physical latency components for UE-assisted and UE-based DL-TDOA/DL-AoD Positioning.
2 Latency Analysis for Rel-16 NR Positioning
According to the agreements made during the RAN#102-e meeting [2], the start and end physical layer times for the UE assisted DL-only & DL-ECID & Multi-RTT positioning methods are as follows:

1. Start time: Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message.

2. End time: Successful decoding of the PUSCH carrying the LPP Provide Location Information message
It should be noted that any measurement errors, L1 radio failure events and retransmissions are also not considered and may contribute to additional delays. Furthermore, the configuration (scheduling) latency has also not been considered for the agreed the physical layer evaluation with respect to the start time, e.g. time taken to decode the PDSCH containing the Provide Assistance Data message for dedicated (point-to-point) positioning.
Observation 1: The physical latency evaluations do not consider positioning measurement errors/radio failure events and delays induced through UE assistance data configurations.
A remaining open issue from the previous RAN#102-e meeting, is to down select the start time for UE-based positioning methods from the following alternatives:
· Alt. 1: Transmission of the PUSCH carrying the MG Request from the UE.

· Alt. 2: Transmission of the PDSCH from the gNB carrying the LPP message containing the assistance data.
· Alt. 3: Start of the Reception of DL PRS

We would prefer to pursue Alt. 1 as a starting time, since Alt. 2 represents the configuration latency, which has not been included and agreed for the physical layer latency evaluation for other positioning methods, i.e. UE assisted DL-only, UL-only and DL+UL only positioning methods.  Alt. 3 does not capture and evaluate the scenario where a measurement gap would be needed for measuring and processing the DL-PRS, which would cause additional delays as noticed with the DL-based UE-assisted methods. Therefore, the starting time indicated by Alt. 1 would best serve as a fair and consistent comparison with respect to other positioning methods. 
Proposal 1: Select Alt. 1 as the proposed start time of physical layer evaluations for UE-based positioning methods.  
2.1 Physical Layer Latency
2.1.1.1 Evaluation Assumptions

The physical layer aspect from the UE perspective mainly is concerned with 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. The presented analysis considers the following key assumptions:
· Similar physical layer latency components are expected for DL-TDOA and DL-AoD methods, and are therefore jointly analysed.
· The range of latency values was defined in terms of a minimum value, which are based on the aggressive UE capability 2 (URLLC) UE with readily available UL resources, while a cautious estimate may follow relaxed requirement (capability 1) UE using SR-based scheduling for UL resources.

· The UEs start and final states are selected to be in the RRC_CONNECTED with the assumption that the UE has exchanged prior LPP messages such as capability and assistance data. Any potential RACH latencies for initial access and state transitional delays for performing measurements and reporting are not within the scope of the provided positioning latency evaluations. 
· The physical layer latency analysis for each of the scenarios in Tables 1-4 includes two SCS values including 30 kHz and 120 kHz applicable to FR1 and FR2.

· The PUSCH preparation time for transmitting the required RRC/LPP message is based on ITU definition [3] of UP latency which is “the one-way time taken to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface in either uplink or downlink.”.

· For simplicity of the evaluation, the number of DL-PRS occasions (NOcc) is set to 1, although this may not be representative of the required accuracy for the positioning measurements, which in turn affects the location accuracy.
2.1.1.2 Latency Evaluations
Table 1 presents the UE-Assisted DL-TDOA/DL-AoD latency evaluations by taking into account the minimum and cautious latency estimates of the various delay components with a Measurement Gap (MG) configuration.
Table 1: UE-Assisted Physical Layer Latency Evaluation for DL-TDOA/DL-AoD with MG Configuration
	Case ID: 1, Scenario: All, UE-Assisted Positioning with MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD
Positioning technique(s): DL-TDOA or DL-AoD, Type: DL, Mode: UE-Assisted (UE-A)
Initial RRC State CONNECTED, Final RRC State CONNECTED


	No. 
	Latency Component
	Min Value (ms) 
	Cautious Estimate (ms)
	Description of Latency Component

	1. PHY Start
	
	
	

	1.1.


	Start trigger (Air Interface1 Latency)
Source: NW,
Destination: UE
	1 – FR1: 30 kHz SCS 
	2 - FR1: 30 kHz SCS 
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message (Air Interface Latency)
Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.


	
	
	0.25 – FR2: 120 kHz SCS
	0.5 – FR2: 120 kHz SCS
	

	1.2.
	UE Processing4 of LPP Request Location Information message
	3
	10
	UE Processing of the PDSCH carrying the LPP Request Location Information message

	2. PUSCH Preparation Time2
	
	
	

	2.
	UL Transmission of Measurement Gap Request (SR-based Scheduling)
	1
	3.8
	Cautious Estimate = max (FDD, TDD) = max(2.8, 3.8). Minimum value based on capability 2 (URLLC) device with readily available UL grant. 

	3. Measurement Gap Configuration
	
	
	

	3.1
	Measurement Gap Request (Air Interface Latency1)
Source: UE,
Destination: NW
	1 - FR1: 30 kHz SCS 
	2 - FR1: 30 kHz SCS 
	Transmission of the PUSCH from the UE carrying the MG Request/Need message (Air Interface Latency). Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.

	
	
	0.25 – FR2:120 kHz SCS
	0.5 – FR2: 120 kHz SCS
	

	3.2
	gNB Processing3 of Measurement Gap Request
	3
	10
	gNB Processing of the PUSCH carrying the MG Request message

	3.3
	Measurement Gap Configuration (Air Interface1 Latency)
Source: NW,
Destination: UE
	1 - FR1:30 kHz SCS
	2 - FR1: 30 kHz SCS
	Transmission of the PDSCH from the gNB carrying the Measurement Gap Configuration (Air Interface Latency)

	
	
	0.25 – FR2: 120 kHz SCS
	0.5 – FR2: 120 kHz SCS
	

	3.4
	UE Processing4 of Measurement Gap Configuration message
	3
	10
	UE Processing of the PDSCH carrying the Measurement Gap Configuration message

	4. DL-PRS Configuration within TMGRP
	
	
	

	4.1
	MG Gap Repetition Period (TMGRP), NOcc5= 1
	1×20
	1×160
	UE processing of PRS within a MG

	4.2
	UE Processing of DL-PRS Units (NProc,T) in addition to the TMGRP
	(NProc,T) = (6,8)

0
	(NProc,T)6 = (20, 160) 
20
	Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE. 
UE Processing time =max (0, T-(TMGRP-N))

	5. PUSCH Preparation Time2
	
	
	

	5.1
	UL Transmission of Measurement Report without UL grant
	1
	3.8
	Cautious Estimate = max (FDD, TDD) = max (2.8, 3.8). Minimum value based on capability 2 (URLLC) device with readily available UL grant.

	6. PHY End
	
	
	

	6.1
	End Trigger (Air Interface1 Latency)
Source: UE,
Destination: NW
	1 - FR1: 30 kHz SCS
	2 - FR1: 30 kHz SCS
	Transmission of the PUSCH from the UE carrying the LPP Provide Location Information (Air Interface Latency). Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.

	
	
	0.25 – FR2: 120 kHz SCS
	0.5 – FR2: 120 kHz SCS
	

	6.2
	End Trigger (Processing)
	3
	10
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message containing the measurement report.

	
	Total Values
	38 - FR1: 30 kHz SCS
	235.6- FR1: 30 kHz SCS
	

	
	
	35 – FR2: 120 kHz SCS
	229.6 – FR2: 120 kHz SCS
	

	Notes: 

1: The Air Interface is a function dependent on the selected numerology, TDD/FDD configuration, and FR1/FR2 band.

2: The PUSCH processing time is based on the SR-based scheduling of PUSCH in [4].

3: gNB Processing: The minimum processing estimates in [4] served as a guideline. The cautious estimates of the gNB processing times of the RRC messages are based on the delay requirements in [5]. The value is used for evaluation only; gNB processing delay may vary depending on implementation/deployment. 

4: UE Processing: The minimum estimate in [4] served as a guideline. The cautious estimates of the UE processing times of the RRC messages are based on the delay requirements in [5].
5: The number of DL-PRS occasions, NOcc = 1, although this may not be a typical value for obtaining accurate positioning measurements. The positioning measurements would need to be averaged over a higher number of DL-PRS occasions for accurate measurements.

6: The symbol processing time of N=20 ms was selected to align with the associated MGL=20, which has a corresponding TMGRP = 160 ms.


Table 2 represents the UE-Assisted DL-TDOA/ DL-AoD latency evaluations by taking into account the minimum and cautious latency estimates of the various delay components without considering a MG gap configuration.

Table 2: UE-Assisted Physical Layer Latency Evaluation for DL-TDOA/DL-AoD without MG Configuration
	Case ID: 2, Scenario: All, UE-Assisted Positioning without MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD
Positioning technique(s): DL-TDOA, DL-AoD, Type: DL, Mode: UE-Assisted (UE-A)
Initial RRC State: CONNECTED, Final RRC State: CONNECTED


	No. 
	Latency Component
	Min Value (ms) 
	Cautious Estimate (ms)
	Description of Latency Component

	1. PHY Start
	
	
	

	1.1.


	Start trigger (Air Interface1 Latency)
Source: NW,
Destination: UE
	1 - FR1: 30 kHz SCS 
	2 - FR1: 30 kHz SCS 
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message (Air Interface Latency)
Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.



	
	
	0.25 – FR2: 120 kHz SCS
	0.5 - FR1: 120 kHz SCS
	

	1.2.
	UE Processing4 of LPP Request Location Information message
	3
	10
	UE Processing of the PDSCH carrying the LPP Request Location Information message

	2. DL-PRS Configuration = TPRS × NOcc5
	
	
	

	2.1
	DL-PRS Resources
(DL-PRS Periodicity (TPRS)  & (NOcc5= 1))
	1×4
	 1×5120  
	TPRS of 5120 selected as cautious estimate. It is a function of the PRS periodicity and number of occasions (NOcc5=1) over which the measurements will be averaged.

	2.2
	UE Processing4 of DL-PRS Units (NProc,T)
	4
	0
	Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz. Minimum estimate is based on minimum T of 8 ms while cautious estimate is based on maximum T of 1280 ms.

Processing time =max (0, T-TPRS )

	3. PUSCH Preparation Time2
	
	
	

	3.1
	UL Transmission of Measurement Report without UL grant
	1
	3.8
	Cautious Estimate = max (FDD, TDD)= max(2.8, 3.8). Minimum value based on capability 2 (URLLC) device with readily available UL grant.

	4. PHY End
	
	
	

	4.1
	End Trigger (Air Interface1 Latency)
Source: UE,
Destination: NW
	1 - FR1: 30 kHz SCS
	2 - FR1: 30 kHz SCS
	Transmission of the PUSCH from the UE carrying the LPP Provide Location Information (Air Interface Latency). Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.

	
	
	0.25 - FR2: 120 kHz SCS
	0.5 - FR2: 120 kHz SCS
	

	4.2
	End Trigger (Processing)
	3
	10
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message containing the measurement report.

	
	Total Values
	17 - FR1: 30 kHz SCS
	5147.8 - FR1: 30 kHz SCS
	

	
	
	15.5 - FR2: 120 kHz SCS
	5144.8 - FR2: 120 kHz SCS
	

	Notes: 

1: The Air Interface is a function dependent on the selected numerology, TDD/FDD configuration, and FR1/FR2 band.

2: The PUSCH processing time is based on SR-based scheduling of PUSCH in [4].

3: gNB Processing: The minimum estimate in [4] served as a guideline. The value is used for evaluation only; gNB processing delay may vary depending on implementation/deployment. 

4: UE Processing: The minimum estimate in [4] served as a guideline. The cautious estimates UE processing times of the RRC messages are based on the delay requirements in [5].
5: The number of DL-PRS occasions, NOcc = 1, although this may not be a typical value for obtaining accurate positioning measurements. The positioning measurements would need to be averaged over a higher number of DL-PRS occasions for accurate measurements.


Table 3 presents the UE-Based DL-TDOA/DL-AoD latency evaluations by taking into account the minimum and cautious latency estimates of the various delay components with considering a MG gap configuration
Table 3: UE-Based Physical Layer Latency Evaluation for DL-TDOA/DL-AoD with MG Gap Configuration
	Case ID: 3, Scenario: All, UE-based Positioning with MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD
Positioning technique(s): DL-TDOA, DL-AoD Type: DL, Mode: UE-Based (UE-B)
Initial RRC State: CONNECTED, Final RRC State: CONNECTED


	No. 
	Latency Component
	Min Value (ms) 
	Cautious Estimate (ms)
	Description of Latency Component

	1. PHY Start (If applicable)7
	
	
	

	1.1.


	Start trigger (Air Interface1 Latency)
Source: NW,
Destination: UE
	1 - FR1: 30 kHz SCS 
	2 - FR1: 30 kHz SCS 
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message (Air Interface Latency)
Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.



	
	
	0.25 – FR2: 120 kHz SCS
	0.5 - FR2: 120 kHz SCS
	

	1.2.
	UE Processing4 of LPP Request Location Information message
	3
	10
	UE Processing of the PDSCH carrying the LPP Request Location Information message

	2. PHY Start (Alt. 1): PUSCH Preparation Time2
	
	
	

	2.1
	UL Transmission Preparation of Measurement Gap Request (SR-based Scheduling)
	1
	3.8
	Cautious Estimate = max (FDD, TDD)= max(2.8, 3.8). Minimum value based on capability 2 (URLLC) device with readily available UL grant.

	3. Measurement Gap Configuration
	
	
	

	3.1
	Measurement Gap Request (Air Interface Latency1)
Source: UE,
Destination: NW
	1 - FR1: 30 kHz SCS 
	2 - FR1: 30 kHz SCS 
	Transmission of the PUSCH from the UE carrying the MG Request/Need message (Air Interface Latency). Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.

	
	
	0.25 - FR2: 120 kHz SCS
	0.5 - FR2: 120 kHz SCS
	

	3.2
	gNB Processing3 of Measurement Gap Request
	3
	10
	gNB Processing of the PUSCH carrying the MG Request message

	3.3
	Measurement Gap Configuration (Air Interface Latency)
Source: NW,
Destination: UE
	1 - FR1: 30 kHz SCS 
	2 - FR1: 30 kHz SCS 
	Transmission of the PDSCH from the gNB carrying the Measurement Gap Configuration (Air Interface Latency)

	
	
	0.25 - FR2: 120 kHz SCS
	0.5 - FR2: 120 kHz SCS
	

	3.4
	UE Processing4 of Measurement Gap Configuration message
	3
	10
	UE Processing of the PDSCH carrying the Measurement Gap Configuration message

	4. With MG Gap of DL-PRS Configuration
	
	
	

	4.1
	MG Gap Repetition Period (TMGRP), , NOcc5= 1
	1×20
	1×160
	UE processing of PRS within a MG

	4.2
	UE Processing of DL-PRS Units (NProc,T) in addition to the TMGRP
	(NProc,T) = (6,8)

0
	(NProc,T)8 = (20, 160) 
20
	Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE. 

UE Processing time =max (0, T-(TMGRP-N))

	5. PUSCH Preparation Time (If applicable) 2
	
	
	

	5.1
	UL Transmission of Measurement Report without UL grant
	1
	3.8
	Cautious Estimate = max (FDD, TDD)= max(2.8, 3.8). Minimum value based on capability 2 (URLLC) device with readily available UL grant.

	6. PHY End (If applicable) 7
	
	
	

	6.1
	End Trigger (Air Interface1 Latency)
Source: UE,
Destination: NW
	1 - FR1: 30 kHz SCS
	2 - FR1: 30 kHz SCS
	Transmission of the PUSCH from the UE carrying the LPP Provide Location Information (Air Interface Latency). Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.

	
	
	0.25 - FR2: 120 kHz SCS
	0.5 - FR2: 120 kHz SCS
	

	6.2
	End Trigger (Processing)
	3
	10
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message containing the UE location estimate.

	
	Total Values
without Request and Provide Location Information Message Components = {2-5}
	29 - FR1: 30 kHz SCS
	207.8- FR1: 30 kHz SCS
	

	
	
	27.5 - FR2: 120 kHz SCS
	204.8 - FR2: 120 kHz SCS
	

	
	With MG Gap and with Request and Provide Location Information message (If applicable)

Components = {1-6}
	38 - FR1: 30 kHz SCS
	265.6- FR1: 30 kHz SCS
	

	
	
	35 - FR2: 120 kHz SCS
	259.6 - FR2: 120 kHz SCS
	

	Notes: 

1: The Air Interface is a function dependent on the selected numerology, TDD/FDD configuration, and FR1/FR2 band.

2: The PUSCH processing time is based on SR-based scheduling of PUSCH in [4].

3: gNB Processing: The minimum estimate in [4] served as a guideline. The value is used for evaluation only; gNB processing delay may vary depending on implementation/deployment. 

4: UE Processing: The minimum estimate in [4] served as a guideline. The cautious estimates UE processing times of the RRC messages are based on the delay requirements in [5].
5: The number of DL-PRS occasions, NOcc = 1, although this may not be a typical value for obtaining accurate positioning measurements. The positioning measurements would need to be averaged over a higher number of DL-PRS occasions for accurate measurements.

6: For the evaluation scenario, the starting trigger for UE-based positioning considers the transmission of the PUSCH carrying the MG Request from the UE.

7: The LPP Request Location Information and Provide Location Information messages are considered in the evaluation as the UE may transmit the location estimate to the LMF, when applicable.

8: The symbol processing time of N=20 ms was selected to align with the associated MGL=20, which has a corresponding TMGRP = 160 ms.




Table 4 presents the UE-Based DL-TDOA/DL-AoD latency evaluations by taking into account the minimum and cautious latency estimates of the various delay components without considering a MG gap configuration.

Table 4: UE-Based Physical Layer Latency Evaluation for DL-TDOA/DL-AoD without MG Gap Configuration
	Case ID: 4, Scenario: All, UE-based Positioning without MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD
Positioning technique(s): DL-TDOA, DL-AoD Type: DL, Mode: UE-Based (UE-B)
Initial RRC State: CONNECTED, Final RRC State: CONNECTED


	No. 
	Latency Component
	Min Value (ms) 
	Cautious Estimate (ms)
	Description of Latency Component

	1. PHY Start (If applicable)7
	
	
	

	1.1.


	Start trigger (Air Interface1 Latency)
Source: NW,
Destination: UE
	1 - FR1: 30 kHz SCS 
	2 - FR1: 30 kHz SCS 
	Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message (Air Interface Latency)
Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.



	
	
	0.25 - FR2: 120 kHz SCS
	0.5 - FR2: 120 kHz SCS
	

	1.2.
	UE Processing4 of LPP Request Location Information message
	3
	10
	UE Processing of the PDSCH carrying the LPP Request Location Information message

	2. DL-PRS Configuration = TPRS × NOcc5
	
	
	

	2.1
	DL-PRS Resources
(DL-PRS Periodicity (TPRS)  & (NOcc5= 1))
	1×4
	1×5120  
	TPRS of 5120 selected as cautious estimate. It is a function of the PRS periodicity and number of occasions (NOcc5=1) over which the measurements will be averaged.

	2.2
	UE Processing4 of DL-PRS Units (N,T)
	4
	0
	Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz. Minimum estimate is based on minimum T of 8 ms while cautious estimate is based on maximum T of 1280 ms.

Processing time =max(0, T-TPRS )

	3. PUSCH Preparation Time (If applicable) 2
	
	
	

	3.1
	UL Transmission of Measurement Report without UL grant
	1
	3.8
	Cautious Estimate = max (FDD, TDD)= max(2.8, 3.8). Minimum value based on capability 2 (URLLC) device with readily available UL grant.

	4. PHY End (If applicable) 7
	
	
	

	4.1
	End Trigger (Air Interface1 Latency)
Source: UE,
Destination: NW
	1 - FR1: 30 kHz SCS
	2 - FR1: 30 kHz SCS
	Transmission of the PUSCH from the UE carrying the LPP Provide Location Information (Air Interface Latency). Minimum value based on capability 2 (URLLC) device, while cautious estimate based on capability 1 (eMBB) device.

	
	
	0.25 - FR2: 120 kHz SCS
	0.5 - FR2: 120 kHz SCS
	

	4.2
	End Trigger (Processing)
	3
	10
	Successful decoding of the PUSCH carrying the LPP Provide Location Information message containing the UE location estimate.

	
	Total Values 

Components = {2}
	8
	5120
	

	
	Without MG Gap and with Request and Provide Location Information message (If applicable)

Components = {1-4}
	17 - FR1: 30 kHz SCS
	5147.8 - FR1: 30 kHz SCS
	

	
	
	15.5 - FR2: 120 kHz SCS
	5144.8 - FR2: 120 kHz SCS
	

	Notes: 

1: The Air Interface is dependent on the selected numerology, TDD/FDD configuration, and FR1/FR2 band.

2: The PUSCH processing time is based on SR-based scheduling of PUSCH in [4].

3: gNB Processing: The minimum estimate in [4] served as a guideline. The value is used for evaluation only; gNB processing delay may vary depending on implementation/deployment. 

4: UE Processing: The minimum estimate in [4] served as a guideline. The cautious estimates UE processing times of the RRC messages are based on the delay requirements in [5].
5: The number of DL-PRS occasions, NOcc = 1, although this may not be a typical value for obtaining accurate positioning measurements. The positioning measurements would need to be averaged over a higher number of DL-PRS occasions for accurate measurements.

6: For the evaluation scenario, the starting trigger for UE-based positioning considers the transmission of the PUSCH carrying the MG Request from the UE.

7: The LPP Request Location Information and Provide Location Information messages are considered in the evaluation as the UE may transmit the location estimate to the LMF, when applicable.




2.1.1.3 Latency Analysis of Rel.16 DL-based Solutions
Table 5 shows a comparative summary analysis of the Rel.16 DL-based DL-TDOA/DL-AoD solutions and whether it meets the commercial and IIoT requirements based on the minimum estimated values provided in Tables 1- 4 (ideal achievable physical layer latency), although it must be emphasized that the physical layer latency components constitute a subset of the overall end-to-end latency evaluation.
Table 5: NR positioning enhancements – Latency Performance Summary (Minimum Estimate)
	Description 
Evaluation Case
	L1 Latency, ms1
	Commercial requirements2 [100]ms are met -Yes/No
- If no, provide performance gaps
	IIoT requirements2 of [10ms] are met – Yes/No. 
If no, provide performance gaps
	IIoT requirements2 of [100]ms are met – Yes/No.
If no, provide performance gaps

	Case ID: 1, Scenario: All, UE-based Positioning with MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD
	38 - FR1: 30 kHz SCS
	Maybe with comment3
	No
	Maybe with comment 3

	
	35 – FR2: 120 kHz SCS
	Maybe with comment 3
	No
	Maybe with comment 3

	Case ID: 2, Scenario: All, UE-Assisted Positioning without MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD

	17 - FR1: 30 kHz SCS
	Maybe with comment 3
	No
	Maybe with comment 3

	
	15.5 - FR2: 120 kHz SCS
	Maybe with comment 3
	No
	Maybe with comment 3

	Case ID: 3, Scenario: All, UE-based Positioning with MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD

	29 - FR1: 30 kHz SCS
	Maybe with comment 3
	No
	Maybe with comment 3

	
	27.5 - FR2: 120 kHz SCS
	Maybe with comment 3
	No
	Maybe with comment 3

	Case ID: 4, Scenario: All, UE-based Positioning without MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD
	8
	Maybe with comment 3
	Maybe with comment 3
	Maybe with comment 3

	Notes: 

1: The presented L1 latency values correspond to the minimum estimates provided in Tables 1
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 \* MERGEFORMAT , 2

 REF _Ref53567913 \h 
 \* MERGEFORMAT , 3

 REF _Ref53570787 \h 
 \* MERGEFORMAT  and 4. Therefore, due to the assumptions of a single DL-PRS occasion, this may not correspond to an accurate positioning measurement and serves a guideline for the ideal achievable physical layer latency. 

2: The commercial and IIoT latency requirements are assumed to refer to end-to-end latency requirements.
3: Since Tables 1-4 only concern physical layer latency evaluations, and do not include higher-layer latency evaluations it cannot be decided with certainty if the Rel-17 commercial and IIoT end-to-end latency requirements can be met.


According to Table 5, the minimum estimated total physical layer latency can perhaps satisfy the both the commercial and IIoT end-to-end latency requirements, if the difference due to the higher-latency components <100 ms. It can also be noted that UE-based techniques can offer lower overall latencies when compared to UE-assisted techniques with and without MG configurations (assuming that the start trigger is based on the transmission of the PUSCH carrying the MG Request from the UE). It can also be observed that the resulting bottleneck in latency performance mainly originates from signalling exchanges related to:

· The UE measurement and processing scenarios including with and without MG configurations of the DL-PRS cannot meet the stringent <10ms latency requirement, unless the minimum DL-PRS periodicity is selected as shown in the Case ID: 4 scenario (UE-based positioning without MG configuration).
· The number of DL-PRS occasions, NOcc= 1, the presented minimum values can only scale up for more accurate RSTD and DL-PRS RSRP measurements.
Observation 2: In the case of the minimum estimated total physical layer latency for DL-TDOA/DL-AoD positioning, the commercial and IIoT physical layer latency requirements of <100ms may/may not be met across the scenarios, subject to the higher-layer latency evaluations.

Observation 3: In the case of the minimum estimated total physical layer latency for DL-TDOA/DL-AoD positioning, the stringent commercial and IIoT latency requirements of <10ms cannot be largely met across the scenarios (except for Case ID: 4) even though the higher-latency evaluations are not part of the scope.
Table 6 shows a comparative summary analysis of the Rel.16 DL-based DL-TDOA/DL-AoD solutions and whether it meets the commercial and IIoT requirements based on the cautious estimated values provided in Tables 1-4 (conservative achievable physical layer latency). 
Table 6: NR positioning enhancements – Latency Performance Summary (Cautious Estimate)

	Description 
Evaluation Case
	L1 Latency, ms1
	Commercial requirements2 [100]ms are met -Yes/No
- If no, provide performance gaps
	IIoT requirements2 of [10ms] are met – Yes/No. 
If no, provide performance gaps
	IIoT requirements2 of [100]ms are met – Yes/No.
If no, provide performance gaps

	Case ID: 1, Scenario: All, UE-Assisted Positioning with MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD
	235.6- FR1: 30 kHz SCS
	No
	No
	No

	
	229.6 – FR2: 120 kHz SCS
	No
	No
	No

	Case ID: 2, Scenario: All, UE-Assisted Positioning without MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD

	5147.8 - FR1: 30 kHz SCS
	No
	No
	No

	
	5144.8 - FR2: 120 kHz SCS
	No
	No
	No

	Case ID: 3, Scenario: All, UE-based Positioning with MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD

	207.8- FR1: 30 kHz SCS
	No
	No
	No

	
	204.8 - FR2: 120 kHz SCS
	No
	No
	No

	Case ID: 4, Scenario: All, UE-based Positioning without MG configuration, Frequency Band: FR1/FR2, Technique: R.16 DL-TDOA or R.16 DL-AoD
	51203
	No
	No
	No

	Notes: 

1: The presented L1 latency values correspond to the cautious estimates provided in Tables 1
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 \* MERGEFORMAT , 3
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 \* MERGEFORMAT  and 4. Therefore, due to the assumptions on selected number of DL-PRS occasions may not correspond to an accurate positioning measurement and serves an indication of the ideal achievable physical layer latency. 

2: The commercial and IIoT latency requirements are assumed to refer to end-to-end latency requirements.

3: Lower supported DL-PRS periodicities can also be selected, which can be processed in T  = {8, 16, 20, 30, 40, 80} ms 



Contrary to Table 5, the cautious estimated total physical layer latency values shown in Table 6 cannot satisfy the commercial and IIoT physical layer latency requirements of <100ms, despite setting the minimal number of DL-PRS occasions. However, a similar trend is observed with respect UE-based positioning techniques, which can offer lower overall latencies, when compared to UE-assisted techniques with and without MG configurations (assuming that the start trigger is based on the transmission of the PUSCH carrying the MG Request from the UE and LPP Request and Provide Location Information messages are not applicable).
Observation 4: In the case of the cautious estimated total physical layer latency for DL-TDOA/DL-AoD positioning, the stringent commercial and IIoT requirements of <100 ms and <10 ms cannot be met across the scenarios even though the higher-latency evaluations are not part of the scope.
Observation 5: The balance between accurate measurements and physical layer latency needs to be carefully considered in terms of:

· UE Processing of the Provide Location Information Request
· UE and gNB processing of MG request and configurations

· DL-PRS Periodicity and Number of DL-PRS occasions for accurate positioning measurements

· UE processing of DL-PRS

· Availability of UL grants for transmission of measurement report. 

Proposal 2: In order to address the latency bottlenecks, the physical layer latency reduction techniques can be considered for:
· Enhancements related to the UE processing of DL-PRS for both UE-assisted and UE-based positioning techniques.
· Lower layer procedures that enable low latency measurement reporting for UE-assisted positioning techniques. 

3 Conclusion
The following observations related to the physical layer latency evaluations are summarized as follows:
Observation 1: The physical latency evaluations do not consider positioning measurement errors/radio failure events and delays induced through UE assistance data configurations.
Observation 2: In the case of the minimum estimated total physical layer latency for DL-TDOA/DL-AoD positioning, the commercial and IIoT physical layer latency requirements of <100ms may/may not be satisfied across the scenarios, subject to the higher-layer latency evaluations.
Observation 3: In the case of the minimum estimated total physical layer latency for DL-TDOA/DL-AoD positioning, the stringent commercial and IIoT latency requirements of <10ms cannot be largely met across the scenarios (except for Case ID: 4) even though the higher-latency evaluations are not part of the scope.
Observation 4: In the case of the cautious estimated total physical layer latency for DL-TDOA/DL-AoD positioning, the stringent commercial and IIoT requirements of <100 ms and <10 ms cannot be met across the scenarios even though the higher-latency evaluations are not part of the scope.
Observation 5: The balance between accurate measurements and physical layer latency needs to be carefully considered in terms of:

· UE Processing of the Provide Location Information Request.
· UE and gNB processing of MG request and configurations.
· DL-PRS Periodicity and Number of DL-PRS occasions for accurate positioning measurements.
· UE processing of DL-PRS.
· Availability of UL grants for transmission of measurement report.
As a result, the following proposals are provided:
Proposal 1: Select Alt. 1 as the proposed start time of physical layer evaluations for UE-based positioning methods.

Proposal 2: In order to address the latency bottlenecks, the physical layer latency reduction techniques can be considered for:

· Enhancements related to the UE processing of DL-PRS for both UE-assisted and UE-based positioning techniques.
· Lower layer procedures that enable low latency measurement reporting for UE-assisted positioning techniques.
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