3GPP TSG RAN WG1 #103-e		                                    R1-2008489
e-Meeting, Oct 26th – Nov 13th, 2020

Agenda Item:	8.5.2
Source:	InterDigital, Inc.
Title:	Evaluation of achievable positioning latency
Document for:	Discussion and Decision
[bookmark: _Ref513464071]Introduction
In RAN1 #102-e e-meeting, the following has been agreed [1]: 
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 
	
	



In this contribution, we provide the latency analysis of different positioning methods and provide the possible enhancements to the DL methods. 
Latency analysis
In this section, we perform latency analysis of DL, UL, and DL+UL methods. In each method, we also perform the analysis of UE-Assisted and UE-Based (if applicable). Specifically, the baseline latency analysis is captured in Tables 1 to 4. 
Proposal 1: Capture the PHY layer latency analysis of Table 1, 2, 3, and 4 in the TR.
DL methods
UE-assisted methods
	Source [UE, NW]/Destination [UE, NW]
Positioning technique: DL methods 

	Latency Component
	Value Range
(ms)
	Description of Latency Component

	Step 1: Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message 

	1
	

	Step 2: The UE decodes the LPP Request location
	10
	NAS message

	Step 3: The UE transmits measurement gap (MG) request in an RRC message. 
	1
	

	Step 4: The gNB successfully decode the MG request messgage
	5
	RRC message

	Step 5: The gNB configures MG in an RRC message
	1
	

	Step 6: The UE receive the MG configuration message and apply the MG configuration

	
10
	RRC message

	

Step 7: The UE receives PRS in the MG
	

2
	According to RRC, the UE can be configured with MGL of 1.5ms. Thefore, the best scenario is that the UE can be configured MG of 1.5ms, performing PRS monitoring and finish the MG within 2ms.

	Step 8: The UE reports the positioning measurement and the gNB successful decoding of the PUSCH carrying the LPP Provide Location Information message
	
3
	The UE prepares PUSCH (1ms), uses type-1 configured grant to report the positioning measurement (1ms). Then gNB successfully decodes PUSCH (1ms). Note that the minimum periodicity of type-1 configured grant is 2 symbols for all SCSs.

	Total values
	33ms
	


[bookmark: _Ref53696103]Table 1: Latency analysis for UE-assisted DL methods





UE-based methods
	Source [UE, NW]/Destination [UE, NW]
Positioning technique: DL methods 

	Latency Component
	Value Range
(ms)
	Description of Latency Component

	Step 1: Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message
	1
	

	Step 2: The UE decodes the LPP Request location
	10
	NAS message

	Step 3: The UE transmits MG request in an RRC message.
	1
	

	Step 4: The gNB decodes the MG request messgage

	5
	NAS message

	Step 5: The gNB configures MG in an RRC message
	1
	RRC message

	Step 6: The UE receive the MG configuration message and apply the MG configuration
	
10
	

	Step 7: The UE receives PRS in the MG 
	2
	

	Step 8: UE calculates its location
	20-40
	

	Step 9: UE reports its location
	2
	The UE prepares PUSCH (1ms), uses type-1 configured grant to report the positioning measurement (1ms).

	


Total values
	From Step 1 to Step 8 

	50-70ms
	Applicable for the scenario starting at  the step “the UE receives PDSCH from the gNB carrying the the LPP Request Location Information message” and also applicable for Alt 2

	
	
From Step 1 to Setp 9
	
52-72ms
	

	
	From Step 3 to Step 8
	39-59ms
	Applicable for Alt 1 

	
	From Step 3 to Step 9
	41-61ms
	

	
	From Step 7 to Step 8
	22-42ms
	Applicable for Alt 3.

	
	From Step 7 to Step 9
	24-44ms
	


Table 2: Latency analysis for UE-based DL methods
We provide our view on preferred alternative for the start time for latency analysis of UE-based positioning in our companion contribution.
UL methods
UE-assisted methods

	Source [UE, NW]/Destination [UE, NW]
Positioning technique: UL methods 

	Latency Component
	Value Range
(ms)
	Description of Latency Component

	Reception by the gNB of the NRPPa measurement request message from LMF
	NA
	Delay at core.

	Step 1: gNB send SRS configuration via RRC
	1
	

	Step 2: UE decodes the RRC message including SRS configuration message
	10
	RRC message

	Step 3: UE transmit SRS
	1
	

	gNB perform measurement and transmit the NRPPa measurement response message
	NA
	Delay at core

	Total values
	12ms
	Note: In this analysis we only consider the periodic SRS configuration. For aperiodic and semi-persistent SRS configuration, the PHY latency will be increased.



Table 3: Latency analysis for UE-assisted UL methods
DL+UL methods
UE-assisted methods
	Source [UE, NW]/Destination [UE, NW]
Positioning technique: DL+UL methods 

	Latency Component
	Value Range
(ms)
	Description of Latency Component

	Step 1: Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message 

	
1
	

	Step 2: The UE decodes the LPP Request location
	10
	NAS message

	Step 3: The UE transmits measurement gap (MG) request in an RRC message. 
	1
	

	Step 4: The gNB successfully decode the MG request messgage
	5
	RRC message

	Step 5: The gNB configures MG in an RRC message
	1
	

	Step 6: The UE receive the MG configuration message and apply the MG configuration
	
10
	
RRC message

	Step 7: The UE receives PRS in the MG
	2
	

	Reception by the gNB of the NRPPa measurement request message
	NA
	Core message.

	Step 8: The gNB send SRS configuration via RRC
	1
	

	Step 9: The UE decodes the RRC message including SRS configuration
	10
	RRC message

	Step 10: The UE transmit SRS
	1
	

	Step 11: The UE reports the positioning measurement and the gNB successful decoding of the PUSCH carrying the LPP Provide Location Information message
	
3
	

	Total values
	45ms
	


Table 4: Latency analysis for UE-assisted DL+UL methods

Latency enhancement techniques for DL methods
No measurement gap for PRS reception
From the latency analysis in Table 1, Step 3 to Step 6 is required for the UE and gNB to exchange the measurement gap configuration. Those steps contribute to a large portion of the latency. Therefore, one possibility to reduce the latency is to allow the UE to receive PRS without measurement gap configuration (i.e. reception of PRS without measurement gap). Using such the solution, we can achieve the latency in the following table. 
	Positioning technique: No measurement gap for PRS reception methods 

	Latency Component
	Value Range
(ms)
	Description of Latency Component

	Step 1: Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message and PRS configuration activation

	1
	

	Step 2: The UE decodes the LPP Request location
	10
	NAS message

	Step 3: The UE receives PRS without MG
	2
	

	Step 4: UE reports the positioning measurement and the gNB successful decoding of the PUSCH carrying the LPP Provide Location Information message
	
3
	

	Total values
	16ms
	


Table 5: Latency analysis for no measurement gap DL methods
According to the above analysis, the PHY layer latency can be reduced significantly (i.e. reduce from 33ms to 16ms). Hence, we have the following proposal.
Proposal 2: Support reception of PRS without measurement gap.

Measurement gap activation/deactivation
In Table 1, Step 3 to Step 6 involves RRC messages to request and configure the measurement gap for PRS reception. An RRC message incurs a long time for the gNB and UE to decode. Instead, MAC CE or UCI can be used for MG configuration requests. Specifically, the UE can be configured an MG before starting the positioning service, then MAC CE or UCI can be used to activate the MG for PRS reception. The following latency analysis table is conducted for the MG activation/deactivation scenario.


	Positioning technique: Measurement gap activation/deactivation DL methods 

	Latency Component
	Value Range
(ms)
	Description of Latency Component

	Step 1: Transmission of the PDSCH from the gNB carrying the LPP Request Location Information message, MG and PRS configurations

	
1
	

	Step 2: The UE decodes the LPP Request location
	10
	NAS message

	Step 3: The UE transmits MG activation request in an MAC CE or UCI 
	1
	

	Step 4: The gNB successfully decodes the MG activation request

	3
	MAC CE or UCI

	Step 5: The gNB activates the MG for the UE using MAC CE or UCI
	
1
	

	Step 6: UE receive MG activation and apply the MG configuration
	3
	MAC CE or UCI

	Step 7: UE receives PRS in the MG
	2
	

	Step 8: The UE reports the positioning measurement and the gNB successful decoding of the PUSCH carrying the LPP Provide Location Information message
	
3
	

	Total values
	24ms
	


Table 6: Latency analysis for measurement gap activation/deactivation DL methods
From the above table, using activation/deactivation of the MG can help reduce the latency several ms (i.e. reduce from 33ms to 24ms). Therefore, we have the following proposal.
Proposal 3: Study activation/deactivation of MG for PRS reception using MAC CE or UCI.

On-demand PRS
In Rel-16, the PRS configuration is semi-statically configured. Such configuration imposes high latency due to the inflexibility of the PRS transmission. Dynamic requests of PRS configuration based on the environment and the positioning services requirements can help reduce latency. For example, the UE may request the PRS configuration based on the change in the environment (e.g. mobility, coverage, poor quality of measurements, etc.) or the demand for services. The latency analysis of on-damand PRS scenarios, in which the UE initiates the positioning request is described in the following table. 

	Positioning technique: On-demand PRS 

	Latency Component
	Value Range
(ms)
	Description of Latency Component

	Step 1: The UE transmits measurement gap (MG) request in an RRC message. 
	1
	

	Step 2: The gNB successfully decode the MG request messgage
	5
	RRC message

	Step 3: The gNB configures MG in an RRC message
	1
	

	Step 4: The UE receive the MG configuration message and apply the MG configuration

	
10
	
RRC message

	Step 5: The UE receives PRS in the MG
	2
	

	Step 6: The UE reports the positioning measurement and the gNB successful decoding of the PUSCH carrying the LPP Provide Location Information message
	
3
	

	Total values
	22ms
	


Table 7: Latency analysis for on-demand PRS DL methods
According to the above table, on-demand PRS for positioning helps reduce the latency significantly. Therefore, it should be supported. 
Proposal 4: Support on-demand PRS for positioning
Conclusion.
In this contribution, the following observations and proposals are made:
Proposal 1: Capture the PHY layer latency analysis of Table 1, 2, 3, and 4 in the TR.
Proposal 2: Support reception of PRS without measurement gap.
Proposal 3: Study activation/deactivation of MG for PRS reception using MAC CE or UCI.
Proposal 4: Support on-demand PRS for positioning
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