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Introduction
In this contribution, based on the output of last meeting [1], we discuss evaluation of the achievable latency especially for physical layer latency and granularity of timing report.

Physical layer latency & granularity of timing report
Physical layer latency 
In the previous meeting [1], for physical layer latency, it was agreed that DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted approaches are separately studied and the information related with physical layer latency was determined as below: 
	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
	Request
	

	Name of component 1
	
	

	Name of component 2
	
	

	
	
	

	Name of last component
	
	

	End trigger
	
	

	Total values 
	
	



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





Based on agreements, we will analyze each physical layer latency according to positioning methods.
 
DL-TDOA / DL-AOD
For DL-TDOA and DL-AOD, there is one point that needs to be clarified. Based on Section 8.11 and 8.12 of TS 38.305, for DL-TDOA and DL-AOD, there is no difference between UE-A and UE-B mode in terms of physical layer latency because UE is also required to transmit location information such as time stamp of location estimate, Latitude/Longitude/Altitude, together with uncertainty shape. So, it seems that separated analysis is not necessary, at least for DL-TDOA / DL-AOD. The detailed components and related value range for DL-TDOA / DL-AOD considering physical layer latency are as below:
	Source/Destination: NW/UE
Positioning technique DL-TDOA and DL-AOD, mode: UE-A/UE-B
Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	Request Location Information message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Request Location Information message Reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of Request Location Information message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Constructing measurement gap request message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	measurement gap request (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.
The number of PUSCH symbols can vary depending on size of information. 

	*Reception of measurement gap request and preparation time for measurement gap(gNB)
	[X1]
	[X1] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	*Transportation of Measurement gap request message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Constructing measurement gap configuration message(RRC processing time, gNB)
	10 ms
	38.331 section 12.

	Measurement gap configuration message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Measurement gap configuration message reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	PRS measurement within measurement gap (UE)
	20ms ~ 160ms
	38.133 section 9.9.2.5
The requirement for measurement period is represented by LCM (PRS resource periodicity, repetition periodicity of the measurement gap)

	*Constructing Provide Location information message(RRC processing time, UE)
	10 ms
	38.331 section 12.

	Transmission of measurement  report (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.
The number of PUSCH symbols can vary depending on size of information.

	*Reception of measurement report and preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values 
	For UE capability-1: 
73.12+[X1]+[X2]ms ~ 217.12+[X1]+ [X2]ms 
For UE capability-2:
71.68+[X1]+[X2]ms ~ 215.26+[X1]+ [X2]ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
23.12ms ~ 167.12ms 
For UE capability-2:
21.68ms ~ 165.26ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

In case of UE-initiated DL-TDOA / DL-AOD, the starting position is measurement gap request from UE and the details of procedure and latency are below:
	Source/Destination: UE/NW
Positioning technique DL-TDOA, mode: UE-A/UE-B
Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	measurement gap request (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.
The number of PUSCH symbols can vary depending on size of information.

	*Reception of measurement gap request and preparation time for measurement gap(gNB)
	[X1]
	[X1] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	*Transportation of measurement gap request message (RRC processing time, gNB)
	10ms
	38.331 section 12.

	*Constructing measurement gap configuration message(RRC processing time, gNB)
	10 ms
	38.331 section 12.

	Measurement gap configuration message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Measurement gap configuration message reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of Measurement gap configuration message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	PRS measurement within measurement gap (UE)
	20ms ~ 160ms
	38.133 section 9.9.2.5
The requirement for measurement period is represented by LCM (PRS resource periodicity, repetition periodicity of the measurement gap)

	*Provide Location information message (UE)
	10 ms
	38.331 section 12.

	Transmission of measurement  report (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.
The number of PUSCH symbols can vary depending on size of information.

	*Reception of measurement report and preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values 
	For UE capability-1: 
62.41+[X1]+[X2]ms ~ 205.34+[X1] +[X2]ms 
For UE capability-2:
61.33+[X1]+[X2]ms ~ 204.05+[X1] +[X2]ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
22.41ms ~ 165.34ms 
For UE capability-2:
22.33ms ~ 164.05ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.


UL-TDOA / UL-AOA
For UL-TDOA and UL-AOA, since the sequence of procedure is identical except for higher layer signaling message, the overall physical layer latency is same based on 38.305 [2]. So, it is unnecessary to discuss UE-A and UE-B separately. In addition, based on agreement in [1], the starting position for UL-only method was agreed to be after reception of the NRPPa measurement request message by the gNB. Therefore, physical layer latency from the time of SRS transmission is analyzed as below (Reference to Appendix #1):
	Source/Destination: NW/UE
Positioning technique UL-TDOA and UL-AOA, mode: -
Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	SRS configuration
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of SRS configuration information. 
µPDSCH = 15Khz.

	Reception of SRS configuration  (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of SRS configuration message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Transportation of SRS activation message (RRC processing time, gNB)
	10 ms
	38.331 section 12.


	Transmission of SRS activation
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of SRS activation information. 
µPDSCH = 15Khz.

	Reception of SRS activation (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of SRS activation message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	SRS transmission (UE)
	0.07ms ~ 0.86ms 
	The value range can be different depending on resource type (periodic, Semi-persistent and aperiodic), here we assume one shot SRS transmission [1 OS ~ 12 OS].
µSRS = 15Khz.

	*Reception of SRS and preparation time for gNB to make NRPPa message (gNB)
	[X3]
	[X3] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values
	For UE capability-1: 
31.49+[X3] ms ~ 34.42+[X3] ms
For UE capability-2:
30.77+[X3] ms ~ 33.28+[X3] ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
1.49ms ~ 4.42ms
For UE capability-2:
0.77ms ~ 3.28ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

Multi-RTT
By the agreement of previous meeting [1], the starting point of calculating physical layer latency is the received time of NRPPa measurement request message sent by gNB and the total physical latency can be derived by referencing Appendix #2.
	Source/Destination: NW/UE
Positioning technique: Multi-RTT, mode: UE-A
Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	SRS configuration
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of SRS configuration information. 
µPDSCH = 15Khz.

	Reception of SRS configuration  (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of SRS configuration message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Transportation of SRS activation message (RRC processing time, gNB)
	10 ms
	38.331 section 12.


	Transmission of SRS activation
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of SRS activation information. 
µPDSCH = 15Khz.

	Reception of SRS activation (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of SRS activation message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Transportation of provide assistance message (RRC processing time, gNB)
	10 ms
	38.331 section 12.
Processing time for LPP Provide assistance data message.

	Transmission of LPP provide assistance data 
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of provide assistance data. 
µPDSCH = 15Khz.

	Reception of LPP provide assistance data (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of provide assistance message (RRC processing time, UE)
	10 ms
	38.331 section 12.
Processing time for LPP Provide assistance data message

	*Transportation of request location information (RRC processing time, gNB)
	10 ms
	38.331 section 12.
Processing time for LPP request location information

	Request Location Information message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of request location information. 
µPDSCH = 15Khz.

	Location Information message Reception (PHY processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of LPP message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Transportation of measurement gap request (RRC processing time, UE)
	10 ms
	38.331 section 12.

	measurement gap request (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.

	*Reception of measurement gap request and preparation time for measurement gap(gNB)
	[X1]
	[X1] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	*Transportation of measurement gap request message (RRC processing time, gNB)
	10ms
	38.331 section 12.

	*Constructing measurement gap configuration message(RRC processing time, gNB)
	10 ms
	38.331 section 12.

	Measurement gap configuration message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Measurement gap configuration message reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of Measurement gap configuration message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	PRS measurement within measurement gap (UE)
	20ms ~ 160ms
	38.133 section 9.9.2.5
The requirement for measurement period is represented by LCM (PRS resource periodicity, repetition periodicity of the measurement gap)

	SRS transmission (UE)
	0.07ms ~ 0.86ms 
	The value range can be different depending on resource type (periodic, Semi-persistent and aperiodic), here we assume one shot SRS transmission [1 OS ~ 12 OS].
µSRS = 15Khz.

	*Reception of SRS and preparation time for gNB to make NRPPa message (gNB)
	[X3]
	[X3] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	*Constructing Provide Location information message(RRC processing time, UE)
	10 ms
	38.331 section 12.

	measurement  report transmission(including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.

	*Reception of measurement report and preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values 
	For UE capability-1: 
145.34+[X1]+[X2]+[X3]ms ~ 293.32+[X1]+[X2]+[X3]ms 
For UE capability-2:
142.8+[X1]+[X2]+[X3]ms ~
289.75+[X1]+[X2]+[X3] ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
25.34ms ~ 173.32ms 
For UE capability-2:
22.8ms ~169.75ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

E-CID
In case of NR E-CID method, it is specified in TS 38.305 that UE is not expected to take additional measurement action and only measurement report is required unlike the other methods.
 So, some procedures related with measurement gap, PRS and SRS are not applicable for NR E-CID method. On that bases, it can be assumed that there is no procedure related with measurement and the measurement is already done.  Considering above information, total physical latency for LMF-initiated are as shown below:
	Source/Destination: NW/UE
Positioning technique: E-CID, mode: UE-A
Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	LPP Request Location Information message transmission
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Request Location Information message Reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of LPP Request Location Information message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Constructing Provide Location information message(RRC processing time, UE)
	10 ms
	38.331 section 12.

	measurement  report transmission(including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.

	*Reception of measurement report, SRS and preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2]is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values
	For UE capability-1: 
21.56+[X2]ms ~ 23.56+[X2] ms 
For UE capability-2:
20.84+[X2] ms~22.63+[X2] ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
1.56ms ~ 3.56ms 
For UE capability-2:
0.84ms~2.63ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

For UE-initiated location information, the start position is after higher layer decision to take E-CID positioning under the assumption that UE measurements already available at the UE. The following is the physical layer latency for UE-initiated E-CID :
	Source/Destination: UE/NW
Positioning technique: E-CID,  mode: UE-A
Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	*Constructing Provide Location information message(RRC processing time, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.

	*Reception of measurement report, preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2]is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values
	For UE capability-1: 
0.85+[X2] ms ~ 1.78+[X2] ms 
For UE capability-2:
0.49+[X2] ms ~ 1.42+[X2] ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
0.85ms ~ 1.78ms 
For UE capability-2:
0.49ms ~ 1.42ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

Granularity of timing report 
For granularity of timing report, the following is agreed in previous meeting [1].
	Agreement:
· FFS whether Rel.16 granularity of timing measurement reports is enough to avoid degradation in I-IoT scenarios and meet positioning requirements


For now, higher accuracy requirement is considered and the further enhancements have been considered to improve accuracy performance. In our understanding, the current timing measurements can be reported by 1 Tc unit, which is enough to represent 15 cm the accuracy performance can be increased when we apply higher resolution of granularity for the report. However, it is unclear the impact of the quantization error
So, we need to consider it and discuss about it in details in WI.
Proposal 1:
· In terms of granularity of timing report, RAN1 needs to consider higher resolution granularity and discuss about it in details in WI.

Conclusion
In this contribution, we have discussed physical latency and granularity of timing report. As a conclusion of the discussion, we summarize our views as follows:

Observation 1: In terms of physical layer, the total latency for each positioning method (DL-TDOA, DL-AOD, UL-TDOA, UL-AOA, Multi-RTT, E-CID) is as follows:
· For DL-TDOA and DL-AOD
	· Source/Destination: NW/UE
· Positioning technique DL-TDOA and DL-AOD, mode: UE-A/UE-B
· Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	Request Location Information message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Request Location Information message Reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of Request Location Information message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Constructing measurement gap request message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	measurement gap request (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.
The number of PUSCH symbols can vary depending on size of information. 

	*Reception of measurement gap request and preparation time for measurement gap(gNB)
	[X1]
	[X1] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	*Transportation of Measurement gap request message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Constructing measurement gap configuration message(RRC processing time, gNB)
	10 ms
	38.331 section 12.

	Measurement gap configuration message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Measurement gap configuration message reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	PRS measurement within measurement gap (UE)
	20ms ~ 160ms
	38.133 section 9.9.2.5
The requirement for measurement period is represented by LCM (PRS resource periodicity, repetition periodicity of the measurement gap)

	*Constructing Provide Location information message(RRC processing time, UE)
	10 ms
	38.331 section 12.

	Transmission of measurement  report (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.
The number of PUSCH symbols can vary depending on size of information.

	*Reception of measurement report and preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values 
	For UE capability-1: 
73.12+[X1]+[X2]ms ~ 217.12+[X1]+ [X2]ms 
For UE capability-2:
71.68+[X1]+[X2]ms ~ 215.26+[X1]+ [X2]ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
23.12ms ~ 167.12ms 
For UE capability-2:
21.68ms ~ 165.26ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.
	· Source/Destination: UE/NW
· Positioning technique DL-TDOA, mode: UE-A/UE-B
· Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	measurement gap request (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.
The number of PUSCH symbols can vary depending on size of information.

	*Reception of measurement gap request and preparation time for measurement gap(gNB)
	[X1]
	[X1] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	*Transportation of measurement gap request message (RRC processing time, gNB)
	10ms
	38.331 section 12.

	*Constructing measurement gap configuration message(RRC processing time, gNB)
	10 ms
	38.331 section 12.

	Measurement gap configuration message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Measurement gap configuration message reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of Measurement gap configuration message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	PRS measurement within measurement gap (UE)
	20ms ~ 160ms
	38.133 section 9.9.2.5
The requirement for measurement period is represented by LCM (PRS resource periodicity, repetition periodicity of the measurement gap)

	*Provide Location information message (UE)
	10 ms
	38.331 section 12.

	Transmission of measurement  report (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.
The number of PUSCH symbols can vary depending on size of information.

	*Reception of measurement report and preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values 
	For UE capability-1: 
62.41+[X1]+[X2]ms ~ 205.34+[X1] +[X2]ms 
For UE capability-2:
61.33+[X1]+[X2]ms ~ 204.05+[X1] +[X2]ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
22.41ms ~ 165.34ms 
For UE capability-2:
22.33ms ~ 164.05ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

· For UL-TDOA and UL-AOA
	· Source/Destination: NW/UE
· Positioning technique UL-TDOA and UL-AOA, mode: -
· Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	SRS configuration
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of SRS configuration information. 
µPDSCH = 15Khz.

	Reception of SRS configuration  (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of SRS configuration message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Transportation of SRS activation message (RRC processing time, gNB)
	10 ms
	38.331 section 12.


	Transmission of SRS activation
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of SRS activation information. 
µPDSCH = 15Khz.

	Reception of SRS activation (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of SRS activation message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	SRS transmission (UE)
	0.07ms ~ 0.86ms 
	The value range can be different depending on resource type (periodic, Semi-persistent and aperiodic), here we assume one shot SRS transmission [1 OS ~ 12 OS].
µSRS = 15Khz.

	*Reception of SRS and preparation time for gNB to make NRPPa message (gNB)
	[X3]
	[X3] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values
	For UE capability-1: 
31.49+[X3] ms ~ 34.42+[X3] ms
For UE capability-2:
30.77+[X3] ms ~ 33.28+[X3] ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
1.49ms ~ 4.42ms
For UE capability-2:
0.77ms ~ 3.28ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

· For Multi-RTT
	· Source/Destination: NW/UE
· Positioning technique: Multi-RTT, mode: UE-A
· Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	SRS configuration
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of SRS configuration information. 
µPDSCH = 15Khz.

	Reception of SRS configuration  (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of SRS configuration message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Transportation of SRS activation message (RRC processing time, gNB)
	10 ms
	38.331 section 12.


	Transmission of SRS activation
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of SRS activation information. 
µPDSCH = 15Khz.

	Reception of SRS activation (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of SRS activation message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Transportation of provide assistance message (RRC processing time, gNB)
	10 ms
	38.331 section 12.
Processing time for LPP Provide assistance data message.

	Transmission of LPP provide assistance data 
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of provide assistance data. 
µPDSCH = 15Khz.

	Reception of LPP provide assistance data (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of provide assistance message (RRC processing time, UE)
	10 ms
	38.331 section 12.
Processing time for LPP Provide assistance data message

	*Transportation of request location information (RRC processing time, gNB)
	10 ms
	38.331 section 12.
Processing time for LPP request location information

	Request Location Information message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of request location information. 
µPDSCH = 15Khz.

	Location Information message Reception (PHY processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of LPP message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Transportation of measurement gap request (RRC processing time, UE)
	10 ms
	38.331 section 12.

	measurement gap request (including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.

	*Reception of measurement gap request and preparation time for measurement gap(gNB)
	[X1]
	[X1] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	*Transportation of measurement gap request message (RRC processing time, gNB)
	10ms
	38.331 section 12.

	*Constructing measurement gap configuration message(RRC processing time, gNB)
	10 ms
	38.331 section 12.

	Measurement gap configuration message
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Measurement gap configuration message reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of Measurement gap configuration message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	PRS measurement within measurement gap (UE)
	20ms ~ 160ms
	38.133 section 9.9.2.5
The requirement for measurement period is represented by LCM (PRS resource periodicity, repetition periodicity of the measurement gap)

	SRS transmission (UE)
	0.07ms ~ 0.86ms 
	The value range can be different depending on resource type (periodic, Semi-persistent and aperiodic), here we assume one shot SRS transmission [1 OS ~ 12 OS].
µSRS = 15Khz.

	*Reception of SRS and preparation time for gNB to make NRPPa message (gNB)
	[X3]
	[X3] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	*Constructing Provide Location information message(RRC processing time, UE)
	10 ms
	38.331 section 12.

	measurement  report transmission(including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.

	*Reception of measurement report and preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2] is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values 
	For UE capability-1: 
145.34+[X1]+[X2]+[X3]ms ~ 293.32+[X1]+[X2]+[X3]ms 
For UE capability-2:
142.8+[X1]+[X2]+[X3]ms ~
289.75+[X1]+[X2]+[X3] ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
25.34ms ~ 173.32ms 
For UE capability-2:
22.8ms ~169.75ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

· For E-CID
	· Source/Destination: NW/UE
· Positioning technique: E-CID, mode: UE-A
· Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	LPP Request Location Information message transmission
(gNB  UE)
	0.14 ms ~ 1 ms

	The number of PDSCH symbols can vary depending on size of Request Location information. 
µPDSCH = 15Khz.

	Request Location Information message Reception (PHY Processing time for PDSCH, UE)
	For UE capability-1: 
0.57 ms ~ 0.78 ms 
For UE capability-2:
0.21 ms
	38.214 section 5.3.
µPDSCH = 15Khz.
No overlapped with other DL channel (PDCCH).

	*Transportation of LPP Request Location Information message (RRC processing time, UE)
	10 ms
	38.331 section 12.

	*Constructing Provide Location information message(RRC processing time, UE)
	10 ms
	38.331 section 12.

	measurement  report transmission(including PHY preparation time for PUSCH, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.

	*Reception of measurement report, SRS and preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2]is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values
	For UE capability-1: 
21.56+[X2]ms ~ 23.56+[X2] ms 
For UE capability-2:
20.84+[X2] ms~22.63+[X2] ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
1.56ms ~ 3.56ms 
For UE capability-2:
0.84ms~2.63ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.
[bookmark: _GoBack]
	Source/Destination: UE/NW
Positioning technique: E-CID,  mode: UE-A
Initial and Final RRC States: CONNECTED

	Latency Component
	Value Range
	Description of Latency Component

	*Constructing Provide Location information message(RRC processing time, UE)
	For UE capability-1: 
0.85 ms ~ 1.78 ms 
For UE capability-2:
0.49 ms ~ 1.42 ms
	38.214 section 6.4 .
µUL = 15Khz.
 # of PUSCH symbols = from 4 to 14 for Type A
# of PUSCH symbols = from 1 to 14 for Type B, 
No BWP switching, No overlapped with other UL channel.
Uplink switching gap is not configured.

	*Reception of measurement report, preparation time for gNB to make NRPPa message (gNB)
	[X2]
	[X2]is up to gNB processing capability and it can vary depending on LS’s response from higher layer

	Total values
	For UE capability-1: 
0.85+[X2] ms ~ 1.78+[X2] ms 
For UE capability-2:
0.49+[X2] ms ~ 1.42+[X2] ms
	When procedure marked with(*) is excluded, total values shall be amended as follows:
For UE capability-1: 
0.85ms ~ 1.78ms 
For UE capability-2:
0.49ms ~ 1.42ms


Note 1: Some components denoted by (*) can be excluded since they are related with higher layer procedure.
Note 2: The maximum latency for PDSCH/PUSCH transmission is assumed as one slot excluding preparation time. Total values may change when the information size related with LPP message is changed.

Proposal 1:
· In terms of granularity of timing report, RAN1 needs to consider higher resolution granularity and discuss about it in details in WI.

Reference
[1] RAN1#102-e meeting Chairman’s note
[2] 3GPP TS 38.305, “Stage 2 functional specification of User Equipment (UE) positioning in NG-RNA”, V16.1.0 (2020-7)


Appendix #1
The messaging between the LMF, the gNBs and the UE to perform UL-TDOA procedure (as in [2], Figure 8.13.3.4-1)


Appendix #2
The messaging between the LMF, the gNBs and the UE to perform LMF-initiated Location Information Transfer Procedure for Multi-RTT.
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