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[bookmark: _heading=h.wt7xoax1kbms]1	Introduction 
At the last RAN2 #121 meeting, the following proposals were agreed upon.

	Agreement:
With respect to the overall signaling procedure for PC5-only positioning (including at least IC and OOC; FFS if there are differences for PC), it is proposed to agree that the sidelink positioning procedure comprises the following series of steps as a baseline, between the LMF/positioning server UE/NG-RAN/candidate Anchor UE(s) and Target UE(s):
1.	Triggering event
2.	Sidelink positioning capability exchange 
3.	Sidelink positioning assistance data transfer
4.	SL Positioning Request Location Information
5.	Measurement of SL-PRS
6.	Location calculation
7.	SL Positioning Provide Location Information
Some steps may have dependencies on SA2 and can be revisited in this light. The order is subject to further discussion.  FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.
LS to SA2 to ask for confirmation and guidance on the SA2 aspects.



	Agreement:
RAN2 confirm that for cases without LMF involvement, besides method determination, assistant data distribution and anchor UE selection (agreed in RAN2), the SL positioning server UE may perform SL-PRS configuration coordination and location calculation.



The overall signaling procedure for PC5-only positioning in SL positioning is agreed in RAN2 #121 meeting. And it is also agreed that discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.
In this contribution, we provide our views on the issues of Anchor UE discovery and selection, which can occur in current specification. And we would like to provide how to discover and select Anchor UE well for stable sidelink positioning performance.
[bookmark: _heading=h.fj5477v6w1xv]2	Discussion
Candidate Anchor UE (Re)Discovery and (Re)Selection are in the same context. For Anchor UE (Re)Selection, candidate Anchor UE discovery procedure should be preceded. Of course, there are cases in which candidate Anchor UEs are stored and activated/selected Anchor UE can be reselected from candidate Anchor UE again by an certain event. However, we consider performing the discovery procedure aging for Anchor UE (Re)Selection.

[bookmark: _heading=h.9hjzuxrpx3ye]2.1		Modifying of Discovery Message Tx when Anchor UE (Re)Discovery
It is important and critical to discover and select Anchor UE well to guarantee positioning accuracy and stable performance. According to TR 23.700-86 [1], there are many solutions for discovery and selection of Reference UE (a.k.a. Anchor UE) and/or SL positioning server UE for ranging and sidelink positioning. SA2 has also adopted the existing ProSe direct discovery Model A and Model B, which are specified in TS 23.304, as basis for Ranging/Sidelink Positioning device discovery.

	For Key Issue #3 "Ranging/Sidelink Positioning device discovery", the followings are taken as conclusions:
· For Ranging/Sidelink Positioning device discovery, Model A and Model B Direct Discovery as defined in TS 23.304 [4] are reused for the 5G ProSe capable UE (including commercial and public safety use cases); and procedures for V2X communication over PC5 reference point as defined in TS 23.287 [3] are reused for the V2X capable UEs, with the following enhancements:



Adding some parameters to discovery message is being considered in SA2. Parameters such as Target UE info, Ranging/Sidelink Positioning service code, Role indication (Target UE) and Target UE capability can be transmitted from Target UE to candidate Anchor UE via announcement message (a.k.a. discovery message). And when candidate Anchor UE sends a solicitation message to Target UE, parameters such as Ranging/Sidelink Positioning service code, Anchor UE info, Target UE info, Role indication (Anchor UE) and Anchor UE capability can be included in the message. We can know that the more parameters add to discovery message, the better Anchor UE discovery will be. But, it has a trade-off. If too many parameters are included in a discovery message transmitted as a broadcast type, latency may occur due to overhead and discovery procedure may be delayed. only necessary information should be included in the discovery message due to the trade-off. Therefore, in order to discover candidate Anchor UEs stably and efficiently by including only minimal information in broadcast message, AS layer criteria should be considered as part of the discovery procedure. (Pre-)Configuration for discovery message Tx modification can help Target UE discover candidate Anchor UEs more stable and efficiently.

Observation 1.	Only necessary information should be included in the discovery message due to the trade-off.

Proposal 1.	In order to discover candidate Anchor UEs stably and efficiently by including only minimal information in broadcast message, AS layer criteria should be considered as part of the discovery procedure.

As mentioned previously, candidate Anchor UE discovery is operated by using legacy ProSe direct discovery which is defined in TS 23.204. However, it seems that current ProSe discovery procedure cannot cover the below problem situations.

[image: ][image: ]
Figure 1. An example scenarios of candidate Anchor UE discovery failure

Figure 1 shows an example scenario of candidate Anchor UE discovery failure (a) due to absence of candidate Anchor UE nearby Target UE and (b) due to only presence of candidate Anchor UEs which is not supported SLPP or is fast moving from Target UE. However, there is no specification for covering those abnormal cases. According to TS 24.554 [2], it depends on UE implementation. Therefore, we need to define the AS layer criteria and/or (pre-)Configuration for discovery message transmission modification of Target UE and/or candidate Anchor UEs. 

Observation 2.	In case of Candidate Anchor UE Discovery Failure, there is no required discovery message Tx operation or behavior specification of the Target UE/candidate Anchor UEs.

If Target UE or candidate Anchor UE transmit the Discovery MSG at max power from the beginning in order to avoid above cases, the high power consumption of Target UE or candidate Anchor UE can occur unnecessarily when there is a lot of candidate Anchor UEs around Target UE such as hot spot. Therefore, it would be better for ramping up the Tx power of discovery message step by step. 

Observation 3.	When transmitting the Discovery message at max power from the beginning, the high power consumption of Target UE or candidate Anchor UE can occur unnecessarily.


[image: ]
Figure 2. An example scenario of discovery procedure END even if too small number of candidate Anchor UEs are discovered

Figure 2 shows an example scenario of discovery End procedure although there are too small number of candidate Anchor UEs are discovered by Target UE. As far as legacy ProSe Direct Discovery procedure, if even one candidate Anchor UE is found, discovery procedure will end. Then, sidelink positioning accuracy will be degraded considerably. Especially for TDOA positioning method, at least three Anchor UEs are required. Even for multi-RTT or TDOA like multi-lateration, Anchor UEs should be evenly distributed around Target UE to minimize the effect of GDOP (Geometric Dilution of Positioning) characteristic which is well known factor of positioning degradation. Therefore, it is very crucial to discover and have a sufficient number of candidate Anchor UEs for good positioning performance in the beginning. o secure and discover a large number of candidate Anchor UEs, it needs to define AS layer criteria or (Pre-)Configuration for modifying discovery message.

Observation 4.	Even if small number of candidate Anchor UEs are discovered, the legacy ProSe Discovery procedure will be ended.

Proposal 2.	RAN2 to discuss to define the AS layer criteria and/or (pre-)Configuration for discovery message transmission modification of Target UE and/or candidate Anchor UEs.

SL positioning can be a critical to public safety service especially for natural disaster or building collapse environment besides commercial, V2X. In this situation, re-triggering of discovery procedure (a.k.a. (Re)Discovery) should occur appropriately and rapidly. Discovery procedure is only re-triggered by receiving a sidelink positioning request message from LMF or triggering the message by the Target UE itself. But, activated Anchor UE can easily disappear from Target UE during SL positioning operation. Then, sidelink positioning request procedure occurs in duplicate. It seems that current triggering event for discovery procedure is not suitable. And there is no clear and precise specification for re-triggering of discovery procedure. Therefore, we need to define clear criteria for re-triggering and completion(termination) of discovery procedure.

Observation 5.	So far, discovery procedure is only re-triggered by receiving a sidelink positioning request message from LMF or triggering the message by the Target UE itself.

Proposal 3.	RAN2 to discuss to define the criteria for re-triggering and completes event/conditions of discovery procedure.

In order to avoid and resolve the above situations, it is necessary for the gNB/LMF to (pre-)configure the parameters rather than to depend on the UE implementation specific. Below table 1 is an example (pre-)configuration parameters for modifying Tx of discovery message which should be performed by Target UE to discover a lot of candidate Anchor UE when there is no candidate Anchor UE or only small number of candidate Anchor UEs. 1) Target UE can increase its Tx power by itself when they cannot find out any candidate Anchor UEs or only small number of candidate Anchor UE. 2) Target UE can also allocate more RBs for Discovery message in resource pool. 3) Target UE can apply low MCS index. 4) Target UE can cause candidate Anchor UE to do soft combining by repeatedly sending a discovery message equivalent to it previously sent. 5) As another method, Target UE may consider a method of delivering feedback information in order to inform candidate Anchor UEs of its discovery importance to nearby Target UE.

Proposal 4.	RAN2 to discuss following configurations for candidate anchor UE Discovery;
1) Discovery MSG Tx Power
2) N_RBDiscovery (Allocate more RBs for Discovery MSG Tx Resource Pool)
3) MCS Index (Apply Low MCS Index)
4) Soft Combining Indicator 
5) Feedback Information (Ramped up power, N_RBDiscovery, # of Activated Anchor UE)

Table 1. An example (Pre-)Configuration for Discovery MSG Tx modification
	Parameter
	Attribute (Ex)

	[bookmark: _Hlk128405215]Discovery MSG Tx Power
	2dBm 

	N_RBDiscovery (Allocate more RBs for Discovery MSG Tx Resource Pool)
	RB 25 

	MCS Index (Apply Low MCS Index)
	Level 4 

	Soft Combining Indicator
	ON

	Feedback Information
	Ramped up power
N_RBDiscovery
# of Activated Anchor UE



[image: ]
Figure 4. Proposed solution for modifying Target UE’s discovery message Tx structure

We can think about the criteria when to modify Target UE’s discovery Tx structure. The timing of modifying Target UE’s discovery Tx structure may be considered based on the number of discovered Anchor UEs or the number of activated Anchor UEs. For example, above mentioned SL-TDOA method needs at least three Anchor UEs which should be distributed around Target UE for high accuracy. So, the maximum number of discovered Anchor UE and the maximum number of activated Anchor UE can be set or configured differently depending on the type of positioning method. However, if Target UE transmits discovery message indefinitely, battery consumption of the target UE may increase. Therefore, the discovery procedure can be terminated by limiting the number of discovered candidate Anchor UE, the number of activated Anchor UEs and the number of re-transmissions of discovery message. Below table 2 shows an example (Pre-)Configuration for discovery procedure END event/conditions. 

Table 2. An example (Pre-)configuration for discovery procedure Complete(End) Event
	Event
	Parameter

	Discovery Complete (End)
	Max_N_Anchor UEDiscovered (Max # of Discovered Candidate Anchor UE)

	
	Max_N_Anchor UEActivated (Max # of Activated (Selected) Anchor UE)

	
	Max_N_Discovery_Re_Tx (Max # of Discovery MSG Retry Tx)

	
	QoS Class (positioning accuracy)




Proposal 5.	RAN2 to discuss following considerations for Discovery Complete (End) conditions; 
1) The maximum number of Discovery Anchor UE
2) The maximum number of Activated Anchor UE  
3) The maximum number of Discovery message retry transmission
4) QoS Class
[bookmark: _heading=h.tj7fimxodkmq]2.2		(Re-)Triggering of Discovery MSG for Anchor UE (Re)Selection
In general, Target UE discovery procedure will be started after receiving a sidelink positioning request message from LMF or itself. After discovery, below procedures will be proceeded. 

	Anchor UE Selection, PC5 Establishment, SLPP Capability exchange, Sidelink Positioning Method Determination, SLPP Assistance Data Exchange, SLPP Location Information Transfer, SL-PRS Tx/RX, Measurement/Report, Location Calculation, SL Positioning Provide Location Information.



However, activated or selected Anchor UEs may easily disappear at any time during the above procedures. It means that sidelink positioning cannot be performed due to too small number of Anchor UE or its accuracy can be degraded considerably.  Just like discovery complete event, we can think about the criteria when to re-trigger discovery procedure of Target UE for Anchor UE (re-)selection. Discovery procedure can be re-triggered based on the minimum number of activated Anchor UEs which can be disconnected with Target UE. Then, Target UE can re-trigger only discovery procedure. And, we can consider QoS class of positioning accuracy as a conditions for discovery re-trigging.

Observation 6.	Activated or Selected Anchor UE may be disappear during the SLPP procedures.

Thus, Target UE discovery procedure for Anchor UE (re-)selection should be re-triggered if the number of activated/selected Anchor UE is not enough for sidelink positioning. Table 3 is an example (Pre)configuration for discovery procedure Re-Trigger. The parameters can be configured based on positioning method, QoS(Quality of Server) class, Target/Anchor UE Type, Use cases (public safety, IIoT, V2X etc.).

Table 3. An example (Pre-)configuration for discovery procedure Re-Trigger
	Event
	Parameter

	Discovery Re-Trigger
	Min_N_Anchor UEActivated (# of Activated (Selected) Anchor UE)

	
	QoS Class (positioning accuracy)



Proposal 6.	RAN2 to discuss following considerations for Discovery Re-Trigger conditions; 
1) The minimum number of Activated Anchor UE
2) QoS Class

[bookmark: _heading=h.o5z8swisu2ym]3	Conclusion
[bookmark: _heading=h.azihz8uhe8vk][bookmark: _heading=h.mfvqegpabuqo]Observations:

Observation 1.	Only necessary information should be included in the discovery message due to the trade-off.

Observation 2.	In case of Candidate Anchor UE Discovery Failure, there is no required discovery message Tx operation or behavior specification of the Target UE/candidate Anchor UEs.

Observation 3.	When transmitting the Discovery message at max power from the beginning, the high power consumption of Target UE or candidate Anchor UE can occur unnecessarily.

Observation 4.	Even if small number of candidate Anchor UEs are discovered, the legacy ProSe Discovery procedure will be ended.

Observation 5.	So far, discovery procedure is only re-triggered by receiving a sidelink positioning request message from LMF or triggering the message by the Target UE itself.

Observation 6.	Activated or Selected Anchor UE may be disappear during the SLPP procedures.

Proposals:

Proposal 1.	In order to discover candidate Anchor UEs stably and efficiently by including only minimal information in broadcast message, AS layer criteria should be considered as part of the discovery procedure.

Proposal 2.	RAN2 to discuss to define the AS layer criteria and/or (pre-)Configuration for discovery message transmission modification of Target UE and/or candidate Anchor UEs.

Proposal 3.	RAN2 to discuss to define the criteria for re-triggering and completes event/conditions of discovery procedure.

Proposal 4.	RAN2 to discuss following configurations for candidate anchor UE Discovery;
1) Discovery MSG Tx Power
2) N_RBDiscovery (Allocate more RBs for Discovery MSG Tx Resource Pool)
3) MCS Index (Apply Low MCS Index)
4) Soft Combining Indicator 
5) Feedback Information (Ramped up power, N_RBDiscovery, # of Activated Anchor UE)

Proposal 5.	RAN2 to discuss following considerations for Discovery Complete (End) conditions; 
1) The maximum number of Discovery Anchor UE
2) The maximum number of Activated Anchor UE  
3) The maximum number of Discovery message retry transmission
4) QoS Class

Proposal 6.	RAN2 to discuss following considerations for Discovery Re-Trigger conditions; 
1) The minimum number of Activated Anchor UE
2) QoS Class
[bookmark: _heading=h.b54gtttdvd8x]4	References
[1] 3GPP TR 23.700-86 v18.0.0, “Study on Architecture Enhancement to support Ranging based services and sidelink positioning (Release 18),” March. 2023.
[2] 3GPP TS 24.554 v17.2.1, “Proximity-services (ProSe) in 5G System (5GS) protocol aspects; Stage 3 (Release 17),” Sept. 2022.


image1.emf
?

?

(a) No candidate Anchor UEs in discovery area

(b) Only candidate Anchor UEs that do not support SLPP or

are fast moving from discovery area

Discovery area based on

broadcasted discovery MSG

Target UE

RSU

1

RSU

2

RSU

1

RSU

2

Not supported

ProSe or SLPP

Fast moving

Target UE 

cannot discover

Target UE 

cannot discover


image2.emf
Target UE

RSU

1

RSU

2

!

!

Discovery Procedure Ends

since Anchor UEs are found

Low Positioning Accuracy

due to too few Anchor UEs


image3.emf
RSU

1

RSU

2

!!

!!

!

!!

!

!

!

1

st

/2

nd

/3

rd

Discovery Coverage

!!

!!

Fast Moving

Fast Moving

Ex) Discovery Complete Event

- Max_N_Anchor UE

Discovered

= 10

- Max_N_Anchor UE

Activated

= 7

- Max_N_Discovery_Re_Tx = 4

Ex) Discovery MSG Tx Structure 

- Tx Power

- Max number of Retry-Tx

- Allocate more RBs/Subframes and/or Modify MCS Index

- Configure Discovery MSG as equivalent to previous MSG

- Add Feedback info to Discovery MSG


