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Abstract of the contribution: This paper proposes an analysis on the benefits and scenarios of local LMF (i.e., LMC) in NG-RAN per request from RAN plenary.
1   Introduction
As requested by the RAN LS (RP-193203), SA2 is requested to provide the evaluation on benefit and deployment scenario of local LMF (i.e., LMC) in NG-RAN to facilitate RAN plenary to make decision on way forward of this solution.

	1. Overall Description:
RAN3 has studied the feasibility and specification impact of local LMF (i.e., LMC) in NG-RAN as per the SA2 conclusion from the study (Study on Enhancement to the 5GC Location Services, TR 23.731), as well as the RAN2 conclusion (Study on NR Positioning Support, TR 38.855). RAN3 also concluded as below (see TR 38.856 for more details).

RAN3 has studied the feasibility and specification impact of local LMF (i.e., LMC) in NG-RAN.

Three architecture alternatives have been studied. It is concluded that support of LMC in NG-RAN is feasible

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. 

RAN3 could not reach consensus on any recommendation for normative work.

RAN discussed LMC, but has not reached consensus on any follow-on work. Questions were raised during the discussion about the benefit and deployment scenario.

2. Actions:
To SA2:


TSG-RAN would like to ask SA2 to take this situation in RAN into account and feedback TSG-RAN on e.g., benefit and deployment scenario of this feature. 




This paper proposes an analysis on the benefits and scenarios based on the stage 1 requirements and R16 positioning procedures.
2   Discussion and proposals
Requirements and use cases scenarios
In TS 22.261 [5], performances requirements for Horizontal and Vertical positioning are defined in Table 7.3.2.2-1. 
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 

(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 


	Vertical   Accuracy

(note 1)
	
	
	5G positioning     service area
	5G enhanced positioning service area

(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - up to 30 km/h

Outdoor 

(rural and urban) up to 250 km/h


	NA
	Indoor - up to 30 km/h

	2
	A
	3 m
	3 m
	99 %
	1 s
	Outdoor 

(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 

(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor 

(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 

(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	4
	A
	1 m
	2 m
	99.9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	5
	A
	0.3 m
	2 m
	99 %
	1 s
	Outdoor 

(rural) up to 250 km/h
	Outdoor 

(dense urban) up to 60 km/h

Along roads and along railways up to 250 km/h
	Indoor - up to 30 km/h

	6
	A
	0.3 m
	2 m
	99.9 %
	10 ms
	NA
	Outdoor 

(dense urban) up to 60 km/h
	Indoor - up to 30 km/h

	7
	R
	0.2 m
	0.2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h

Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each others (note 3)

	NOTE 1:
The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).

NOTE 2: 
Indoor includes location inside buildings such as offices, hospital, industrial buildings. 

NOTE 3:
5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).




In TS 22.804 [7], Positioning Service Performance Requirements for vertical services are defined, as well as its use case scenarios.  

	Scenario 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Use case reference

	Mobile control panels with safety functions in smart factories (within factory danger zones)
	< 1 m
	99.9% 
	< 0,54 rad
	< 1 s
	N/A
	Factories of the Future 6.5

	Mobile control panels with safety functions ( non-danger zones 
	< 5 m 
	90%
	N/A
	< 5 s-
	N/A
	Factories of the Futur6 6.7

	Augmented reality in smart factories 
	< 1 m
	99%
	< 0,17 rad 
	< 15 ms
	< 10 km/h
	Factories of the future 10.8

	Process automation – plant asset management 
	< 1 m
	90%
	N/A
	< 2 s
	< 30 km/h
	Factories of the Future 13.3

	Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, GNSS, IMU) of autonomous driving systems) ) 


	< 30 cm (if supported by further sensors like camera, GNSS, IMU) 
	99.9%
	N/A
	10 ms
	< 30 km/h
	Factories of the Future15.5

	Inbound logistics for manufacturing (for storage of goods)
	< 20 cm
	99%
	N/A
	< 1 s
	< 30 km/h
	Factories of the Future15.6

	Flexible, modular assembly area in smart factories (for autonomous vehicles (only for monitoring proposes))
	< 50 cm
	99%
	N/A
	1 s
	< 30 km/h
	Factories of the Future18.19

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30km/h
	Factories of the Future18.20


Observation 1: Very low positioning service latency (e.g. 10 ms and <15 ms as highlighted in yellow) are required for some specific service levels and use case scenarios. 
Service levels with extreme low latency may be applied in remote control (e.g. for UAV) and collision avoidance (e.g. for V2X) as described in TR 22.872 [6].
Proposal 1: Solutions shall be developed in R17 to fulfil latency requirements as defined in stage 1 specifications.

In TR 23.731[8], Evaluation of Key Issue #3 (Support of low latency and high performance LCS) indicated that NG-RAN node enhanced with the support of location management functionality is an option of latency reduction. 
	The low latency and high performance is achieved by:

-
allowing the deployment of distributed LMF in addition to the deployment of the centralized LMF, as supported by Solution 2, 4, and 14.

-
allowing LMF to report UE location estimation directly to GMLC for the case of deferred 5GC-MT-LR for periodic, triggered and UE available location events, as supported by Solution 2 and Solution 14.

-
allowing location management functionality supported in NG-RAN, as supported by Solution 15, 23, 26 and 28.


Observation 2: Solutions of architecture enhancement, i.e. location management functionality supported in NG-RAN, have been developed in TR 23.731 as an option of latency reduction in R16.
Evaluation on latency reduction with local LMF (i.e., LMC) in NG-RAN 
As illustrated in R3-193587 [1], a location request may come from either GMLC or UE or the AMF itself (e.g., for an emergency call). In all these cases, the serving AMF can select either a LMF or a LMC to perfom the positioning operation. The positioning procedures would then be executed either between the LMF and UE/NG-RAN, or between LMC and UE/NG-RAN, as shown in Figure 1 below. Therefore, the main differences between LMF-based and LMC-based positioning for location services are at steps 3b and 4b.
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Figure 1 Location Service Support using LMF or LMC

The UE positioning procedures at step 3b and 4b will typically comprise one or more of the following:

-
LPP Signalling [3]:
-
Capability Transfer (LPP Request/Provide Capabilities);

-
Assistance Data Transfer (LPP Request/Provide Assistance Data), possibly including periodic assistance data delivery;

-
Location Information Transfer (LPP Request/Provide Location Information), possibly including periodic location information transfer.

-
RRC Signalling [9]:

-
RRC Location Measurement Indication (and resulting RRC Reconfiguration);

-
RRC Measurement Configuration (for E-CID measurements).

-
NRPPa Signalling [4]:
-
NRPPa OTDOA Information Exchange;

-
NRPPa E-CID Measurement Initiation/E-CID Measurement Report.
Figure 2 and Figure 3 below shows a comparison between using LMF and LMC for positioning based on a possible example of UL and DL positioning as described in R3-193587 [1].
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Figure 2: UL/DL measurement procedure using LMF
Note 1:
· For a typical combined UL+DL positioning procedure with 16 gNBs, all steps are needed.
· For UL-only positioning (e.g., UTDOA), the steps 5, 7, 8 and 10 are not needed. 

· For DL-only positioning (e.g., OTDOA), the steps 3, 4, 6, 11 are not needed.
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Figure 3: UL/DL measurement procedure using LMC

Note 2:

· For a typical combined UL+DL positioning procedure with 16 gNBs, all steps are needed.
· For UL-only positioning (e.g., UTDOA), the steps 3, 4, 6 and 11 are not needed. 

· For DL-only positioning (e.g., OTDOA), the steps 5, 7, 8, 10 are not needed.
To calculate the end to end latency, it is assumed that 
· Message transfer between 5GC and NG-RAN is 2ms, the value is based on NOTE 5 of Table 5.7.4-1 in TS 23.501
· Message transfer within 5GC is 2ms

· Message transfer within NG-RAN is 2ms

· Message transfer between NG-RAN and UE is 1ms

· Measurement at UE or gNB is less than 10ms, considering that end to end 10ms latency has to be achieved and the positioning mechnism can be improved for R17.
Table 1: End to end latency based on UL/DL measurement procedure using LMF
	 Step
	DL+UL (ms)
	UL (ms)
	DL (ms)

	1
	2
	2
	2

	2a
	5
	5
	5

	2b
	5
	5
	5

	3a
	4
	4
	 

	3b
	2
	2
	 

	3c
	4
	4
	 

	4
	4
	4
	 

	5a
	4
	 
	4

	5b
	4
	 
	4

	6a
	4
	4
	 

	6b
	4
	4
	 

	7
	5
	 
	5

	8
	5
	 
	5

	9
	10
	10
	10

	10
	5
	 
	5

	11
	4
	4
	 

	12
	2
	2
	2

	Sum
	73
	50
	47


Table 2: End to end latency based on UL/DL measurement procedure using LMC
	 Step
	DL+UL (ms)
	UL (ms)
	DL (ms)

	1
	2
	2
	2

	2a
	1
	1
	1

	2b
	1
	1
	1

	3
	2
	 
	2

	4
	2
	 
	2

	5a
	2
	2
	 

	5b
	2
	2
	 

	6a
	2
	 
	2

	6b
	2
	 
	2

	7
	1
	1
	 

	8
	1
	1
	 

	9
	10
	10
	10

	10
	1
	1
	 

	11
	2
	 
	2

	12
	2
	2
	2

	Sum
	33
	23
	26


	
	Signalling with LMF
	Signalling with LMC
	Signalling Reduction with LMC

	DL+UL Positioning
	73
	33
	55%

	DL-only Positioning
	50
	23
	54%

	UL-only Positioning
	47
	26
	45%


Observation 3: Based on the above calculations, it is seen that having LMC in NG-RAN can significantly reduce the end to end latency for positioning.

Proposal 2:  Significant latency reduction can be achieved with Local LMF (i.e., LMC) in NG-RAN, thus it can be used as one step to achieve very low latency requirements for delay sensitive services. However, to fulfil requirements defined in TS 22.261, more optimization on the positioning mechanism are expected in R17 to be applied together with Local LMF (i.e., LMC) in NG-RAN.
Other benefits
In some delay sensitive services use cases, e.g. IIoT services, AF/LCS client is usually deployed at the edge, for which the latency contributed by the LCS service request/response message transferring between 5GC and NG-RAN becomes significent. The message transfer between between 5GC and NG-RAN may already eat up the 2ms end to end delay budget. Hence, it is expected that the LMC in NG-RAN can be directely triggerred at NG-RAN, and the location estimation can also be directely reported to the AF/LCS client in NG-RAN to further reduce the latency. 
Observation 4: Having LMC in NG-RAN can potentially enable location estimation exposure at edge network.
TR 23.748 [10] has defined Key Issue #3 for Network Information Provisioning to Local Applications with low latency. Similar solution might be reused for location estimation exposure at edge computing network.
Proposal 3:  For further reduce end to end latency, it is beneficial to have LMC in NG-RAN, so that efficient location estimation exposure to the local application at edge computing network is possible, e.g. by reusing solution developed in TR 23.748[10] for Key Issue #3.
3   Conclusion

This paper provides the requirements, use case scenarios and benefits of having LMC in NG-RAN, and proposes the following way forward:

Proposal 1: Very low positioning service latency (e.g. 10 ms and <15 ms) are required for some specific service levels and vertical use case scenarios, e.g. Augmented reality in smart factories and Inbound logistics for manufacturing (for driving trajectories (if supported by further sensors like camera, IMU) of autonomous driving systems) as defined in TS 22.261 and TR 22.804. Solutions shall be developed in R17 to fulfil latency requirements as defined in stage 1 specifications.

Proposal 2:  Significant latency reduction can be achieved with Local LMF (i.e., LMC) in NG-RAN, thus it can be used as one step to achieve very low latency requirements for delay sensitive services. However, to fulfil requirements defined in TS 22.261, more optimization on the positioning mechanism are expected in R17 to be applied together with Local LMF (i.e., LMC) in NG-RAN.
Proposal 3:  For further reducing end to end latency, it is beneficial to have LMC in NG-RAN, so that efficient location estimation exposure to the local application at edge computing network is possible, e.g. by reusing potential solution developed in TR 23.748 for Key Issue #3 (Network Information Provisioning to Local Applications with low latency).
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