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1 Introduction
In RAN2#106 [1], RAN2 discussed LCP restriction of destination L2 ID.  While LTE behaviour was agreed for broadcast and groupcast, the unicast case was left open for discussion to obtain further inputs from SA2 about L2 source ID determination for the unicast case.

SA2 sent a reply LS explaining the selection of source/destination L2 ID for unicast links in [3].  With this LS and the attached SA2 draft specification, SA2 confirmed that it is possible that a pair of UEs can have multiple unicast links established without knowledge of this at the upper layers.  At RAN2#107 [4], RAN2 discussed this LS but could not conclude on any way forward on the topic due to lack of time.
In this contribution, we highlight additional reasons (including LCP) why knowledge of the case where multiple unicast links are between the same pair of UEs would be useful in the AS layer.    
2 Knowledge of the Destination UE
Unicast link establishment is initiated by the upper layers.  As outline in section 5.6.1.4 of 23.287 (provided in the appendix), a UE self-assigns its souce L2 ID for the PC5 unicast link.  Then, during unicast link establishment signalling, the UE sends its source L2 ID for the PC5 unicast link to the peer UE, which uses this ID as the destination L2 ID for communication to this unicast link.  A unicast link is therefore uniquely identified by a pair of source L2 ID and destination L2 ID.  
Multiple unicast links between the same pair of UEs are possible (e.g. if different applications are started that initiate such unicast links).  According to SA2 specifications, a UE may establish multiple PC5 unicast links with a peer UE and use the same or different source Layer-2 IDs for these links [2].  In addition, a source UE is not required to know (at the upper layers) whether different target application layer IDs over different PC5 unicast links belong to the same target UE [2].  The corresponding text from the SA2 draft specifications is captured in the appendix.    
Observation 1:
A pair of UEs can have multiple unicast links, each identified by different L2 source/destination IDs, without knowledge at the upper layers that they correspond to the same physical UEs.
At the AS layer, the situation is quite different and there are several reasons why knowledge that two unicast links are associated with the same pair of UEs may be necessary. 
Unicast Link Establishment Signaling Overhead (RAN2)
During unicast link establishment initiated by upper layers, a PC5-RRC connection is set up to establish a SL UE context.  As part of the context, the UE stores the SL capability of the destination UE.  The current assumption in RAN2 is that the UE context is per destination UE.  However, this requires knowledge that two unicast links established between a pair of UEs share the same physical source and destination.  Without this knowledge, the same UE capabilities would be exchanged multiple times between the same pair of UEs.  In addition, a UE would need to maintain multiple contexts with the same destination UE.  
Observation 2:
Knowledge that two unicast link are associated to the same destination UE reduces PC5 RRC signalling and UE context storage.

MAC-Layer Multiplexing Efficiency (RAN2)
A unicast link is an application layer entity.  The application layer may decide to create multiple unicast links for different reasons (e.g. it is using different network layer protocol – IP or non-IP).  These reasons are not related to QoS.  As a result, flows intended for the same destination UE may or may not have the same QoS requirements.  
Knowledge that two unicast links correspond to the same destination UE allows a UE to multiplex transmissions of the different unicast links in the same transport block, by multiplexing different SLRBs to that UE in the same transport block.  This achieves more efficient usage of the sidelink resources, since separate sidelink grants would not be required to transmit data associated to the two unicast links.  For mode 1, this translates to reduced Uu signalling for scheduling, fewer configured/dynamic grants to configure to each UE, and more efficient usage of these grants.  Similarly, for mode 2, a UE may require fewer sidelink grants to transmit its buffered traffic, which results in more efficient usage of the shared resource pool overall. 
Observation 3:
Knowledge that two unicast links are associated to the same destination UE improves the efficiency of SL resource usage.

Link Adaptation and Power Control (RAN1)
With link adaption and power control, a UE adapts the MCS and power of a transmission of a TB according to the channel condition of a physical radio link.  A UE, without the knowledge that two unicast links correspond to the same destination UE, can handle the two unicast links as if they are two separate radio links.  The UE can thus perform parallell link adaption and power control functions, e.g. with CSI RS and reporting transmissions, RSRP measurement and reporting, etc. per unicast link.  Since the two unicast links take place on the same physical radio link, such parallel radio link functions will incur unnecessary signalling overhead (e.g. CSI reports) and spectrum inefficiency (e.g. RS resources).  Therefore, knowledge that two unicast links correspond to the same destination UE enables a UE to perform link apdation and power control efficiently at PHY layer per physical radio link.  

Observation 4:
Knowledge that two unicast links are associated to the same destination UE enables a UE to perform link adaption and power control efficiently per radio link.

RLM/RLF (RAN1)
A UE can be configured to perform radio link monitoring for a unicast link. Without the knowledge that multiple unicast links correspond to the same peer UE, a UE will perform RLM measurement for each unicast link independently. Note that radio link qualities of all unicast links to the same peer UE are the same since they share the same channel. However, the RLM measurement quality could be much less accurate if the UE performs RLM measurement individually for each unicast link due to the limited number of samples for the measurement. If a UE has the knowledge of which unicast links correspond to the same peer UE, the UE may be able to average out all RLM measurement samples from the associated unicast links, thus improving the RLM measurement quality and avoiding unnecessary RLF declaration due to poor RLM measurement quality.

Observation 5:
Knowledge that two unicast links correspond to the same peer UE allows more accurate RLM/RLF performance.

To obtain the benefits observed above, there are two options for allowing the AS layer to be aware of the case when two unicast links are associated with the same pair of UEs:
1) AS-Layer Solution

One approach would be for the AS layer to determine when two unicast links are associated with the same pair of UEs.  A UE could include all source L2 IDs associated with its unicast links in the PC5 PC5 RRC signalling exchange which occurs during/after link establishment.  The RX UE can determine the unicast links associated with the same peer UE from the list of source L2 IDs included in the signaling.  
2) Upper Layer Solution
Another alternative would be for upper layers to determine when two unicast links are associated with the same pair of UEs and inform AS layers.  SA2 may adopt a similar approach of UE ID exchange in the PC5-S signalling messages during link establishment.  
Although both AS-layer solution and upper layer solution are similar, the AS layer solution is preferable since knowledge that two unicast links are associated with the same pair of UEs is useful for AS layer but not upper layers.  Furthermore, SA2 specification work is almost complete and it may be too late to add additional work.  On the other hand, RAN2 still needs to finalize details of PC5-RRC signalling.

Observation 6:
An AS layer solution for determining that two unicast links are associated with the same peer UEs is preferable to an upper layer solution. 
Along with impacts to PC5-RRC signalling, RAN1/RAN2 impacts for obtaining each of the advantages mentioned in observations 2-5 will depend on which of the enhancements RAN1/RAN2 decide to implement.  

For the case of reduction of link establishment signalling overhead, the main impact is in the RRC procedure(s) tied to link establishment (which have yet to be finalized).  Specifically, a UE would need to account for knowledge of equivalent L2 source IDs during context maintenance and capability exchange.  
While one may argue that the benefits are minimal because sidelink capability size may be small, these capabilities may grow considerably as V2X features are added in future releases.  A scalable solution should therefore be designed from the initial release.  
For L2 multlexing efficiency benefits, whether to support this can be discussed separately by RAN2 as part of LCP discussion, and are handled in our companion contribution [5].  
Proposal 1:
A UE sends the L2 source IDs associated with all ongoing unicast links in PC5-RRC after initiation of a new unicast link by upper layers.  FFS which RRC message to use.
Proposal 2:
When a UE has multiple unicast links with the same peer UE, the UE maintains the set of L2 source IDs and L2 destination IDs that are associated with the same peer UE as part of the SL UE context. 

Proposal 3:
A UE sends a single set of capabilities to a peer UE, regardless of the number of unicast links setup with that peer UE. 

For RAN1-specific impacts, how power-control, link adaptation, and RLM/RLF are handled need to be decided by RAN1.  Regardless of whether RAN2 agrees on proposals 1-3 above (based on RAN2 reasons), RAN1 needs to decide whether they require knowledge of different unicast links being associated with the same pair of UEs.  If this knowledge is needed by RAN1, then RAN2 should develop a solution along the lines of proposals 1-3.
Proposal 4:
RAN2 sends an LS to RAN1 to request whether knowledge that multiple unicast links are associated with the same peer UEs is needed by RAN1. 

A draft LS to RAN1 is included in [6] with two different versions of text, depending on RAN2 conclusion on proposals 1-3. 
3 Conclusion

In this contribution the following observations were made on the handling of multiple unicast links in NR V2X:
Observation 1:
A pair of UEs can have multiple unicast links, each identified by different L2 source/destination IDs, without knowledge at the upper layers that they correspond to the same physical UEs.

Observation 2:
Knowledge that two unicast link are associated to the same destination UE reduces PC5 RRC signalling and UE context storage.

Observation 3:
Knowledge that two unicast links are associated to the same destination UE improves the efficiency of SL resource usage.

Observation 4:
Knowledge that two unicast links are associated to the same destination UE enables a UE to perform link adaption and power control efficiently per radio link.

Observation 5:
Knowledge that two unicast links correspond to the same peer UE allows more accurate RLM/RLF performance.

Observation 6:
An AS layer solution for determining that two unicast links are associated with the same peer UEs is preferable to an upper layer solution. 

Based on these observations, the following conclusions were made:

Proposal 1:
A UE sends the L2 source IDs associated with all ongoing unicast links in PC5-RRC after initiation of a new unicast link by upper layers.  FFS which RRC message to use.

Proposal 2:
When a UE has multiple unicast links with the same peer UE, the UE maintains the set of L2 source IDs and L2 destination IDs that are associated with the same peer UE as part of the SL UE context. 

Proposal 3:
A UE sends a single set of capabilities to a peer UE, regardless of the number of unicast links setup with that peer UE. 

Proposal 4:
RAN2 sends an LS to RAN1 to request whether knowledge that multiple unicast links are associated with the same peer UEs is needed by RAN1. 
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5 Appendix – Relevant sections of TS 23.287
	5.6.1.4
Identifiers for unicast mode V2X communication over PC5 reference point
For unicast mode of V2X communication over PC5 reference point, the destination Layer-2 ID used depends on the communication peer, which is discovered during the establishment of the PC5 unicast link. The initial signalling for the establishment of the PC5 unicast link may use a default destination Layer-2 ID associated with the service type (e.g. PSID/ITS-AID) configured for PC5 unicast link establishment, as specified in clause 5.1.2.1. During the PC5 unicast link establishment procedure, Layer-2 IDs are exchanged, and should be used for future communication between the two UEs, as specified in clause 6.3.3.1.

The Application Layer ID is associated with one or more V2X applications within the UE. If UE has more than one Application Layer IDs, each Application Layer ID of the same UE may be seen as different UE's Application Layer ID from the peer UE's perspective.

The UE maintains a mapping between the Application Layer IDs and the source Layer-2 IDs used for the PC5 unicast links, as the V2X application layer does not use the Layer-2 IDs. This allows the change of source Layer-2 ID without interrupting the V2X applications.

When Application Layer IDs change, the source Layer-2 ID(s) of the PC5 unicast link(s) shall be changed if the link(s) was used for V2X communication with the changed Application Layer IDs.

A UE may establish multiple PC5 unicast links with a peer UE and use the same or different source Layer-2 IDs for these PC5 unicast links.
Editor's note:
Further updates of the identifier description may be required based on RAN WG feedback.



	5.2.1.4
Unicast mode communication over PC5 reference point

….

The following principles apply when the V2X communication is carried over PC5 unicast link:

-
A PC5 unicast link between two UEs allows V2X communication between one or more pairs of peer V2X services in these UEs. All V2X services in the UE using the same PC5 unicast link use the same Application Layer ID. 

NOTE 1:
An Application Layer ID may change in time as described in clauses 5.6.1.1 and 6.3.3.2, due to privacy. This does not cause a re-establishment of a PC5 unicast link.

-
One PC5 unicast link supports one or more V2X services (e.g. PSIDs or ITS-AIDs) if these V2X services are at least associated with the pair of peer Application Layer IDs for this PC5 unicast link. For example, as illustrated in Figure 5.2.1.4-1, UE A and UE B have two PC5 unicast links, one between peer Application Layer ID 1/UE A and Application Layer ID 2/UE B and one between peer Application Layer ID 3/UE A and Application Layer ID 4/UE B. 

NOTE 2:
A source UE is not required to know whether different target Application Layer IDs over different PC5 unicast links belong to the same target UE.
-
A PC5 unicast link supports V2X communication using a single network layer protocol e.g. IP or non-IP. 
-
A PC5 unicast link supports per-flow QoS model as specified in clause 5.4.1.
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