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Introduction
In the last RAN2 meeting [1], the enhancement on NR positioning was discussed. During the meeting, the following agreements have been made:

Agreements:
1: For latency analysis of Rel.16 solutions, RAN2 only consider the latency of positioning procedure, i.e. step 5 in MO-LR/step 12 in MT-LR (involving RRC, LPP, NRPPa, MAC).  A note is added to the TR and in our response to RAN1 to clarify this is what we covered.  We can clarify to RAN1 that more time would be needed for an end-to-end analysis.
2: For latency analysis of Rel.16 solutions, RAN2 only consider the latency caused by UE, gNB, AMF and LMF. 
3: For latency analysis of Rel.16 solutions, RAN2 consider both UE-based and UE-assisted.

There was another email thread to finalize the TP on latency evaluation.
[Post112-e][616][POS] TP for latency analysis results (Intel)
	Scope: Capture the latency analysis results in a TP, taking into account any input from RAN1/RAN3/SA2.
	Intended outcome: Endorsable TP
	Deadline:  Long

In this paper, we will further discuss the positioning latency issues from RAN2 point of view.
Latency analysis for typical scenarios
General statement
During RAN2#112-e, the methodology that the rapporteur handled the latency discussion was controversial that prioritized worst case scenario.
In our understanding, the latency result based on this worst case scenario may not provide meaningful results for a typical deployment, which may even be misleading to the external readers of the TR.
In this section, we provided our view on the refinement on the latency evaluation for the typical deployment, including refined procedures and refine values for the latency components.
Refined procedures
We think the following steps related to each positioning methods should be considered as “non-typical” and should be omitted. In addition, additional omission of steps related to capabilities is possible considering LMF storing UE positioning capability and/or deferred MT-LR.
	Positioning methods
	Steps that can be omitted for typical positioning operation
	Reasons

	DL-TDOA/DL-AoD
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities
	Deferred MT-LR and/or LMF storing the capability.

	UL-TDOA/UL-AoA
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities
	Deferred MT-LR and/or LMF storing the capability and/or reusing MIMO SRS for positioning

	
	Step 4. RRC SRS reconfiguration
	Reusing MIMO SRS for typical indoor scenarios

	
	Step 6. NRPPa request UE SRS activation
Step 7. MAC activate SRS transmission
Step 8. NRPPa request UE SRS activation response
	Using periodic SRS configuration

	Multi-RTT
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities
	Deferred MT-LR and/or LMF storing the capability.

	DL E-CID
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities
	The capability exchange is not necessary, as UE would anyway provide anything that it supports and has available.

	UL E-CID
	Step 2. RRC measurement configuration/SRS configuration
Step 3. MAC activate SRS transmission
	Reusing MIMO SRS, which is quite typical for E-CID and UL measurement is only by the serving TRP.

	
	Step 4. gNB measurement
	Parallel processing with UE measurement, similar to multi-RTT.



With those omitted steps, the evaluation results can also provide a lower bound on the positioning latency, which to our understanding can be easily achieved in commercial network.
Proposal 1: If the latency evaluation is to be captured in the TR, also include the evaluation of latency for the refined procedures by omitting the procedures listed below.
	Positioning methods
	Omitted steps for typical positioning operation

	DL-TDOA/DL-AoD
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities

	UL-TDOA/UL-AoA
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities

	
	Step 4. RRC SRS reconfiguration

	
	Step 6. NRPPa request UE SRS activation
Step 7. MAC activate SRS transmission
Step 8. NRPPa request UE SRS activation response

	Multi-RTT
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities

	DL E-CID
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities

	UL E-CID
	Step 2. RRC measurement configuration/SRS configuration
Step 3. MAC activate SRS transmission
Step 4. gNB measurement



Refined values
Even for the worst case scenario, some values are too optimistic, e.g. UE-gNB interface latency [0-0.5ms] that is contradicting with RAN1 analysis provided by most sources [2]. 
	TUE-gNB

	[0-0.5ms]


This value is problematic as DL and UL may be asymmetric considering traditional TDD configuration assuming a larger portion of DL slots than UL slots. The value also does not take into account the physical layer processing at UE/gNB on PDSCH/PUSCH, respectively. For UL, gNB may not be aware of data transmission from UE and the data size and thus normally is triggered by SR/BSR/UL grant. For UL configured grant, the alignment delay for UL data transmission is also subject to TDD configuration. 
So from our side, at least we suggest the following alternative set of values replacing TUE-gNB.
	TUE-gNB-DL
	TUE-gNB-UL

	0.5-1
	0.5-8



In addition, the interface delay between NG-RAN and 5GC (AMF) and between 5GC functions (LMF, AMF) is subject to deployment. For example, for the case when the positioning service targeting the indoor factory, which demands low latency requirements, it is possible that both AMF and LMF can be deployed locally and could even be in the single cabinet inside the factory, due to e.g. security concerns. The existing values already raised concerns from RAN3. RAN3 already had discussion in the last meeting, and the concern has been reported to RAN#90. RAN3 is expected to continue discussion on the values in RAN3#111.
Proposal 2: If the latency evaluation is to be captured in the TR, modify TUE-gNB to the value in the following table highlighted in red.
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TUEProc-RRCReconf
	10
	RRC Reconfiguration processing

	TUEProc-RRCDLInfo
	5
	RRC DL information transfer 

	TUEProc-RRCULInfo
	2-5
	RRC UL information transfer

	TUEProc-RRCLocationMeas
	2-5
	RRC Location Measurement Indication

	TUEProc-LPPCapab
	10-20
	LPP Provide Capabilities

	TUEProc-LPPAssi
	10
	LPP Provide Assistance Data

	TUEProc-LPPLocationRe
	5
	LPP Request/Provide Location Information

	TUEProc-MAC-SRSAct
	1-3
	MAC-CE SRS Activation/Deactivation

	TgNBProc-RRC
	3
	RRC Processing

	TgNBProc-NRPPa
	3
	NRPPa Processing

	TgNBProc-NAS/LPP
	3
	NAS/LPP Processing

	TAMFProc
	3
	AMF Processing

	TLMFProc
	3
	LMF Processing

	Signalling Propagation Delays between Nodes

	TUE-gNB-DL
	0.5-1
	

	TUE-gNB-UL
	0.5-8
	

	TgNB-AMF
	3-10
	

	TAMF-LMF
	1-10
	

	TAMF-GMLC
	3-10
	

	Positioning Measurement Latencies

	TLMF-Calc
	2-30
	Position Calculation latency

	TDL-Meas
	88.5
	Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings.

	TUL-Meas
	12
	SRS for positioning measurement time of 12 ms can be achieved under certain SRS for positioning configuration settings depending on the frame configuration.



Latency enhancements
Collocated LMF/AMF
Based on the existing evaluation, there are two hops between LMF with gNB/TRP, which could be 3 for disaggregated gNB architecture, and as a result it introduces transmission delay and processing delay with respect to the relay node(s) (AMF/gNB-CU). One potential solution to reduce the delay is to use collocated LMF/AMF via e.g. NPN architecture, where the LMF/AMF and the NG-RAN could be in a single-site.
For the latency-sensitive location service, the deployment optimization can offer approximately 0ms latency on the NG interface. If LMF/AMF functionality can be aggregated into a single network entity, delay between AMF and LMF can be 0, and the AMF processing time of the data exchanged between gNB and LMF can also be reduced to 0.
In summary, for the deployment optimization, we have the following proposal.
Proposal 3: For the purpose of evaluation collocated LMF/AMF, the following values highlighted in red should be assumed.
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TUEProc-RRCReconf
	10
	RRC Reconfiguration processing

	TUEProc-RRCDLInfo
	5
	RRC DL information transfer 

	TUEProc-RRCULInfo
	2-5
	RRC UL information transfer

	TUEProc-RRCLocationMeas
	2-5
	RRC Location Measurement Indication

	TUEProc-LPPCapab
	10-20
	LPP Provide Capabilities

	TUEProc-LPPAssi
	10
	LPP Provide Assistance Data

	TUEProc-LPPLocationRe
	5
	LPP Request/Provide Location Information

	TUEProc-MAC-SRSAct
	1-3
	MAC-CE SRS Activation/Deactivation

	TgNBProc-RRC
	3
	RRC Processing

	TgNBProc-NRPPa
	3
	NRPPa Processing

	TgNBProc-NAS/LPP
	3
	NAS/LPP Processing

	TAMFProc
	3
	AMF Processing

	TAMFProc-LPP/NRPPa
	0
	AMF Processing Routing messages

	TLMFProc
	3
	LMF Processing

	Signalling Propagation Delays between Nodes

	TUE-gNB-DL
	0.5-1
	

	TUE-gNB-UL
	0.5-8
	

	TgNB-AMF
	0-3
	

	TAMF-LMF
	0
	

	TAMF-GMLC
	0
	

	Positioning Measurement Latencies

	TLMF-Calc
	2-30
	Position Calculation latency

	TDL-Meas
	88.5
	Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings.

	TUL-Meas
	12
	SRS for positioning measurement time of 12 ms can be achieved under certain SRS for positioning configuration settings depending on the frame configuration.



LMF functionality in RAN
In the TR 38.856 [3], three architectures were analysed. As the conclusion, Architecture 3 is considered as the most promising one.
	Architecture 3 seems like the most promising option among the ones studied. RAN3 did not evaluate the benefits of any of the architecture options in terms of latency towards the core network, RAN3 also did not fully evaluate, e.g., mobility issues associated with the introduction of the LMC. 



Therefore, for the purpose of evaluating latency of LMF functionality, we suggest to only consider Architecture 3.


Figure 1 Architecture 3 from TR 38.856[3]
1.1.1 Signaling transport model
The signalling transport model involving LMC with AMF and gNB is shown in Figure 2 and Figure 3, respectively.
gNB
AMF
NG-AP
LMC
Itf-AP


[bookmark: _Ref59544644]Figure 2 Application protocol between AMF and LMC

LMC
gNB
Itf-AP

[bookmark: _Ref59544647]Figure 3 Application protocol between LMC and gNB

1.1.2 Latency model
To establish the latency analysis with LMC based on the supported application protocol with AMF and gNB, we suggest to add additional assumption on the latency assumptions with respect to LMC.
For LMC processing TLMCProc and gNB processing of Itf-AP signalling TgNBProc-ltf, 3ms processing delay can be assumed similar to gNB processing NRPPa.
For transport delay TgNB-LMC between gNB and LMC, a similar assumption to transport between gNB and AMF can be made.
For transport delay TAMF-LMC between AMF and LMF, since a NG-RAN node is needed for the relay, under ideal processing delay on the NG-RAN node, it can be the sum of TgNB-LMC and TgNB-AMF, which takes the range of 1-6ms.
In summary, we have the following proposal.
[bookmark: _Ref60246863]Proposal 4: For the purpose of evaluating local LMF, the following values should be assumed.
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TLMCProc
	3
	

	TgNBProc-ltf
	3
	

	Signalling Propagation Delays between Nodes

	TgNB-LMC
	0.5-3
	

	TAMF-LMC
	1-6
	



Latency evaluation
The latency evaluation results are summarized in Table 1. The detailed evaluation for baseline/collocated LMF/AMF and LMF functionality in RAN can be found in Appendix A and Appendix B, respectively.
[bookmark: _Ref60298459]Table 1 Summary of latency evaluation results
	
	Latency for baseline
	Latency for collocated LMF/AMF
	Latency for LMF functionality in RAN

	
	Optimized procedures
	Optimized procedures
	Latency reduction
	Optimized procedures
	Latency reduction

	DL-TDOA/DL-AoD/Multi-RTT
	179.5-264
	161-227.5
	18.5ms
	162.5-227.5
	17ms

	UL-TDOA/UL-AoA
	66-158
	38-78
	28ms
	40-78
	26ms

	DL E-CID
	45-109
	32-84
	13ms
	33-84
	12ms

	UL E-CID
	33-96.5
	19.5-64
	13.5ms
	20.5-64
	12.5ms



Proposal 5: The latency for collocated LMF/AMF is quite close to LMF functionality in RAN with optimized procedure.

Conclusion
Base on the analysis above, we propose the following:
Proposal 1: If the latency evaluation is to be captured in the TR, also include the evaluation of latency for the refined procedures by omitting the procedures listed below.
	Positioning methods
	Omitted steps for typical positioning operation

	DL-TDOA/DL-AoD
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities

	UL-TDOA/UL-AoA
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities

	
	Step 4. RRC SRS reconfiguration

	
	Step 6. NRPPa request UE SRS activation
Step 7. MAC activate SRS transmission
Step 8. NRPPa request UE SRS activation response

	Multi-RTT
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities

	DL E-CID
	Step 1. LPP request capabilities
Step 2. LPP provide capabilities

	UL E-CID
	Step 2. RRC measurement configuration/SRS configuration
Step 3. MAC activate SRS transmission

	
	Step 4. gNB measurement



Proposal 2: If the latency evaluation is to be captured in the TR, modify TUE-gNB to value in the the following table highlighted in red.
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TUEProc-RRCReconf
	10
	RRC Reconfiguration processing

	TUEProc-RRCDLInfo
	5
	RRC DL information transfer 

	TUEProc-RRCULInfo
	2-5
	RRC UL information transfer

	TUEProc-RRCLocationMeas
	2-5
	RRC Location Measurement Indication

	TUEProc-LPPCapab
	10-20
	LPP Provide Capabilities

	TUEProc-LPPAssi
	10
	LPP Provide Assistance Data

	TUEProc-LPPLocationRe
	5
	LPP Request/Provide Location Information

	TUEProc-MAC-SRSAct
	1-3
	MAC-CE SRS Activation/Deactivation

	TgNBProc-RRC
	3
	RRC Processing

	TgNBProc-NRPPa
	3
	NRPPa Processing

	TgNBProc-NAS/LPP
	3
	NAS/LPP Processing

	TAMFProc
	3
	AMF Processing

	TLMFProc
	3
	LMF Processing

	Signalling Propagation Delays between Nodes

	TUE-gNB-DL
	0.5-1
	

	TUE-gNB-UL
	0.5-8
	

	TgNB-AMF
	3-10
	

	TAMF-LMF
	1-10
	

	TAMF-GMLC
	3-10
	

	Positioning Measurement Latencies

	TLMF-Calc
	2-30
	Position Calculation latency

	TDL-Meas
	88.5
	Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings.

	TUL-Meas
	12
	SRS for positioning measurement time of 12 ms can be achieved under certain SRS for positioning configuration settings depending on the frame configuration.



Proposal 3: For the purpose of evaluation collocated LMF/AMF, the following values highlighted in red should be assumed.
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TUEProc-RRCReconf
	10
	RRC Reconfiguration processing

	TUEProc-RRCDLInfo
	5
	RRC DL information transfer 

	TUEProc-RRCULInfo
	2-5
	RRC UL information transfer

	TUEProc-RRCLocationMeas
	2-5
	RRC Location Measurement Indication

	TUEProc-LPPCapab
	10-20
	LPP Provide Capabilities

	TUEProc-LPPAssi
	10
	LPP Provide Assistance Data

	TUEProc-LPPLocationRe
	5
	LPP Request/Provide Location Information

	TUEProc-MAC-SRSAct
	1-3
	MAC-CE SRS Activation/Deactivation

	TgNBProc-RRC
	3
	RRC Processing

	TgNBProc-NRPPa
	3
	NRPPa Processing

	TgNBProc-NAS/LPP
	3
	NAS/LPP Processing

	TAMFProc
	3
	AMF Processing

	TAMFProc-LPP/NRPPa
	0
	AMF Processing Routing messages

	TLMFProc
	3
	LMF Processing

	Signalling Propagation Delays between Nodes

	TUE-gNB-DL
	0.5-1
	

	TUE-gNB-UL
	0.5-8
	

	TgNB-AMF
	0-3
	

	TAMF-LMF
	0
	

	TAMF-GMLC
	0
	

	Positioning Measurement Latencies

	TLMF-Calc
	2-30
	Position Calculation latency

	TDL-Meas
	88.5
	Estimated minimum DL PRS measurement time in Rel.16 can be 88.5ms depending on DL PRS configuration settings.

	TUL-Meas
	12
	SRS for positioning measurement time of 12 ms can be achieved under certain SRS for positioning configuration settings depending on the frame configuration.



Proposal 4: For the purpose of evaluating local LMF, the following values should be assumed.
	Label
	Latency 
[ms]
	Description

	 Processing Latencies

	TLMCProc
	3
	

	TgNBProc-ltf
	3
	

	Signalling Propagation Delays between Nodes

	TgNB-LMC
	0.5-3
	

	TAMF-LMC
	1-6
	



Proposal 5: The latency for collocated LMF/AMF is quite close to LMF functionality in RAN with optimized procedure.
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Appendix A: Positioning latency analysis for 5GC-LMF for collocated LMF/AMF
The latency of elementary procedures is provided in Table 2, for the following elementary procedures
· DL LPP
· UL LPP
· DL RRC
· UL RRC
· NRPPa
· MAC CE
The “Baseline” column is based on the latency assumption made by the rapporteur, with modified Uu interface delay discussed in section 2.2.
The “Collocated LMF/AMF” columns is based on the latency assumption in section 3.1 for collocated LMF/AMF.
The two columns under “Baseline” and “Collocated LMF/AMF” correspond to the lower bound and upper bound.

[bookmark: _Ref60246877]Table 2 Latency of elementary procedures for 5GC-LMF
	DL LPP
	Baseline
	Collocated LMF/AMF

	TLMFProc
	3
	3
	3
	3

	TAMF-LMF
	1
	10
	0
	0

	TAMFProc/TAMFProc-LPP/NRPPa
	3
	3
	0
	0

	TgNB-AMF
	3
	10
	0
	3

	TgNBProc-NAS/LPP
	3
	3
	3
	3

	TUE-gNB
	0
	0.5
	0.5
	1

	TUEProc-RRCDLInfo
	5
	5
	5
	5

	Total
	18
	34.5
	11.5
	15

	
	
	
	
	

	UL LPP
	Baseline
	Collocated LMF/AMF

	TLMFProc
	3
	3
	3
	3

	TAMF-LMF
	1
	10
	0
	0

	TAMFProc/TAMFProc-LPP/NRPPa
	3
	3
	0
	0

	TgNB-AMF
	3
	10
	0
	3

	TgNBProc-NAS/LPP
	3
	3
	3
	3

	TUE-gNB
	0
	0.5
	0.5
	8

	TUEProc-RRCULInfo
	2
	5
	2
	5

	Total
	15
	34.5
	8.5
	22

	
	
	
	
	

	DL RRC
	Baseline
	Collocated LMF/AMF

	TgNBProc-RRC
	3
	3
	3
	3

	TUE-gNB
	0
	0.5
	0.5
	1

	TUEProc-RRCReconf
	10
	10
	10
	10

	Total
	13
	13.5
	13.5
	14

	
	
	
	
	

	UL RRC
	Baseline
	Collocated LMF/AMF

	TgNBProc-RRC
	3
	3
	3
	3

	TUE-gNB
	0
	0.5
	0.5
	8

	TUEProc-RRC
	2
	5
	2
	5

	Total
	5
	8.5
	5.5
	16

	
	
	
	
	

	NRPPa
	Baseline
	Collocated LMF/AMF

	TLMFProc
	3
	3
	3
	3

	TAMF-LMF
	1
	10
	0
	0

	TAMFProc/TAMFProc-LPP/NRPPa
	3
	3
	0
	0

	TgNB-AMF
	3
	10
	0
	3

	TgNBProc-NRPPa
	3
	3
	3
	3

	Total
	13
	29
	6
	9

	
	
	
	
	

	MAC CE
	Baseline
	Collocated LMF/AMF

	TUE-gNB
	0
	0.5
	0.5
	1

	TUEProc-MAC-SRSAct
	1
	3
	1
	3

	Total
	1
	3.5
	1.5
	4



The latency of positioning methods is provided in Table 3, where the row “Optimized” corresponds to the refined procedures in section 2.1.

[bookmark: _Ref60247173]Table 3 Latency of positioning methods for 5GC-LMF
	
	DL-TDOA/AoD/Multi-RTT
	Baseline
	Collocated LMF/AMF

	1
	RequestCapabilities
	18
	34.5
	11.5
	15

	2
	ProvideCapabilities
	25
	54.5
	18.5
	42

	3
	ProvideAssitanceData
	28
	44.5
	21.5
	25

	4
	RequestLocationInformation
	23
	39.5
	16.5
	27

	5
	Location measurement indication
	5
	8.5
	5.5
	16

	6
	Measurement gap configuration
	13
	13.5
	13.5
	14

	7
	DL PRS measurement
	88.5
	88.5
	88.5
	88.5

	8
	ProvideLocationInformation
	20
	39.5
	13.5
	27

	9
	LMF calculation
	2
	30
	2
	30

	
	Total
	222.5
	353
	191
	284.5

	
	Optimized
	179.5
	264
	161
	227.5

	
	
	
	
	
	

	
	UL-TDoA/AoA
	Baseline
	Collocated LMF/AMF

	1
	RequestCapabilities
	18
	34.5
	11.5
	15

	2
	ProvideCapabilities
	25
	54.5
	18.5
	42

	3
	Positioning information request
	13
	29
	6
	9

	4
	RRC configuration
	13
	13.5
	13.5
	14

	5
	Positioning Information Response
	13
	29
	6
	9

	6
	SRS activation request
	13
	29
	6
	9

	7
	SRS activation MAC CE
	1
	3.5
	1.5
	4

	8
	SRS activation response
	13
	29
	6
	9

	9
	Measurement request
	13
	29
	6
	9

	10
	SRS measurement
	12
	12
	12
	12

	11
	Measurement reponse
	13
	29
	6
	9

	12
	LMF calculation
	2
	30
	2
	30

	
	Total
	149
	322
	95
	171

	
	Optimized
	66
	158
	38
	78

	
	
	
	
	
	

	
	DL-ECID
	Baseline
	Collocated LMF/AMF

	1
	RequestCapabilities
	18
	34.5
	11.5
	15

	2
	ProvideCapabilities
	25
	54.5
	18.5
	42

	3
	RequestLocationInformation
	23
	39.5
	16.5
	27

	4
	UE measurement
	0
	0
	0
	0

	5
	ProvideLocationInformation
	20
	39.5
	13.5
	27

	6
	LMF calculation
	2
	30
	2
	30

	
	Total
	88
	198
	62
	141

	
	Optimized
	45
	109
	32
	84

	
	
	
	
	
	

	
	UL-ECID
	Baseline
	Collocated LMF/AMF

	1
	E-CID measurement initiation request
	13
	29
	6
	9

	2
	RRC configuration
	13
	13.5
	13.5
	14

	3
	SRS activation MAC CE
	1
	3.5
	1.5
	4

	4
	gNB measurement
	12
	12
	12
	12

	5
	RRC measurement report
	5
	8.5
	5.5
	16

	6
	E-CID measurement initiation response
	13
	29
	6
	9

	7
	LMF calculation
	2
	30
	2
	30

	
	Total
	59
	125.5
	46.5
	94

	
	Optimized
	33
	96.5
	19.5
	64



Appendix B: Positioning latency analysis for local LMF
The latency of elementary procedures is provided in Table 2, for the following elementary procedures
· DL LPP
· UL LPP
· DL RRC
· UL RRC
· NRPPa
· MAC CE
The “LMF func. In RAN” columns is based on the latency assumption in section 3.2 for LMF functionality in RAN.
The two columns under “LMF func. In RAN” correspond to the lower bound and upper bound.

Table 4 Latency of elementary procedures for local LMF
	DL LPP
	LMF func. In RAN

	TLMCProc
	3
	3

	TgNB-LMC
	0.5
	3

	TgNBProc-ltf
	3
	3

	TUE-gNB
	0.5
	1

	TUEProc-RRCDLInfo
	5
	5

	　
	
	　

	　
	
	　

	Total
	12
	15

	
	
	

	UL LPP
	LMF func. In RAN

	TLMCProc
	3
	3

	TgNB-LMC
	0.5
	3

	TgNBProc-ltf
	3
	3

	TUE-gNB
	0.5
	8

	TUEProc-RRCULInfo
	2
	5

	　
	
	　

	　
	
	　

	Total
	9
	22

	
	
	

	DL RRC
	LMF func. In RAN

	TgNBProc-RRC
	3
	3

	TUE-gNB
	0.5
	1

	TUEProc-RRCReconf
	10
	10

	Total
	13.5
	14

	
	
	

	UL RRC
	LMF func. In RAN

	TgNBProc-RRC
	3
	3

	TUE-gNB
	0.5
	8

	TUEProc-RRC
	2
	5

	Total
	5.5
	16

	
	
	

	NRPPa
	LMF func. In RAN

	TLMCProc
	3
	3

	TgNB-LMC
	0.5
	3

	TgNBProc-NRPPa
	3
	3

	　
	
	　

	　
	
	　

	Total
	6.5
	9

	
	
	

	MAC CE
	LMF func. In RAN

	TUE-gNB
	0.5
	1

	TUEProc-MAC-SRSAct
	1
	3

	Total
	1.5
	4



The latency of positioning methods is provided in Table 5, where the row “Optimized” corresponds to the refined procedures in section 2.1.

[bookmark: _Ref60301239]Table 5 Latency of positioning methods for 5GC-LMF
	
	DL-TDOA/AoD/Multi-RTT
	LMF func. In RAN

	1
	RequestCapabilities
	12
	15

	2
	ProvideCapabilities
	19
	42

	3
	ProvideAssitanceData
	22
	25

	4
	RequestLocationInformation
	17
	27

	5
	Location measurement indication
	5.5
	16

	6
	Measurement gap configuration
	13.5
	14

	7
	DL PRS measurement
	88.5
	88.5

	8
	ProvideLocationInformation
	14
	27

	9
	LMF calculation
	2
	30

	
	Total
	193.5
	284.5

	
	Optimized
	162.5
	227.5

	
	
	
	

	
	UL-TDoA/AoA
	LMF func. In RAN

	1
	RequestCapabilities
	12
	15

	2
	ProvideCapabilities
	19
	42

	3
	Positioning information request
	6.5
	9

	4
	RRC configuration
	13.5
	14

	5
	Positioning Information Response
	6.5
	9

	6
	SRS activation request
	6.5
	9

	7
	SRS activation MAC CE
	1.5
	4

	8
	SRS activation response
	6.5
	9

	9
	Measurement request
	6.5
	9

	10
	SRS measurement
	12
	12

	11
	Measurement reponse
	6.5
	9

	12
	LMF calculation
	2
	30

	
	Total
	99
	171

	
	Optimized
	40
	78

	
	
	
	

	
	DL-ECID
	LMF func. In RAN

	1
	RequestCapabilities
	12
	15

	2
	ProvideCapabilities
	19
	42

	3
	RequestLocationInformation
	17
	27

	4
	UE measurement
	0
	0

	5
	ProvideLocationInformation
	14
	27

	6
	LMF calculation
	2
	30

	
	Total
	64
	141

	
	Optimized
	33
	84

	
	
	
	

	
	UL-ECID
	LMF func. In RAN

	1
	E-CID measurement initiation request
	6.5
	9

	2
	RRC configuration
	13.5
	14

	3
	SRS activation MAC CE
	1.5
	4

	4
	gNB measurement
	12
	12

	5
	RRC measurement report
	5.5
	16

	6
	E-CID measurement initiation response
	6.5
	9

	7
	LMF calculation
	2
	30

	
	Total
	47.5
	94

	
	Optimized
	20.5
	64
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