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1. Introduction & Background

At RAN2#105bis meeting, RAN2 has discussed PC5-RRC message exchange Some agreements were reached as follows [1]:

Agreements on PC5-RRC message exchange: 

1: 
PC5-RRC connection is needed to establish SL UE context. Synchronization of SL UE context between two UEs is supported by the concept of PC5-RRC connection.


- Need for PC5-RRC state is FFS.



> Option 1: Define PC5-RRC state for unicast operation.



> Option 2: Refer to PC5-S state for unicast operation

- SL UE context may include at least SL UE capability of the destination UE.



> FFS whether AS configuration information can be also stored in SL UE context.

- UE context is per destination UE.



> It is considered that UE may store UE capability of the destination UE for a newly 



coming service between UEs in unicast.



> It may depend on SA2 discussion related to layer-2 ID allocation. RAN2 will come 



back if there is a problem based on SA2 progress.


- FFS whether explicit PC5-RRC connection establishment procedure is needed or not.
2: 
Security aspect comes back after SA3 progress (if there is any issue/problem).


	Agreements on PC5-RRC signalling flow: 

1: 
Separate RRC messages are defined capability transfer and for AS-layer configuration. FFS on whether the two messages can be transmitted together in the same MAC PDU.

2:
Set the following 2a, 2b and 2c as RAN2 working assumption:

2a:
Do not encapsulate PC5-S message related to link setup into PC5-RRC message for AS-layer configuration.
2b:
PC5-RRC message for AS-layer configuration is not to be sent unprotected, so is not to be sent together with PC5-S messages like Direct Communication Request.

2c:
Do not encapsulate PC5-S message related to link setup into PC5-RRC message for capability information.


This contribution further discusses remaining issues on PC5-RRC. The contribution concludes with some conclusions.

2. Discussion

2.1. PC5-RRC state

For the PC5 –RRC state, two options were discussed as follows:

· Option 1: Define PC5-RRC state for unicast operation

· Option 2: Refer to PC5-S state for unicast operation
For Option 2, PC5-S signalling in upper layer was introduced to perform Layer-2 link establishment and unicast mode of V2X communication. PC5-S procedure is basically as follows:

-
Direct link setup;

-
Direct link keepalive;

-
Direct link release; and

-
Direct link authentication.

As described in [2], the direct link keepalive procedure is used to maintain the direct link between UEs, i.e., check that the link between the two UEs is still viable. The procedure can be initiated by only one UE or both of the UEs in the established direct link. In this procedure, the UE sending the DIRECT_COMMUNICATION_KEEPALIVE message is called the "requesting UE" and the other UE is called the "peer UE". 

The requesting UE may initiate the procedure if:

-
a request from upper layers to check the viability of the direct link is received; or 

-
the keepalive timer T4102 for this link expires.

When T4102 is running, UE does not monitoring. So if T4102 is configured to be too long, if radio link quality fade below some threshold, receiving UE may not know that the direct link radio condition is not good. If T4102 is configured to be too short, keepalive procedure would be frequently initiated, thus introducing too much signalling overhead.
Observation 1: Refering to PC5-S state for unicast operation is simple, but may not be efficient in monitoring PC5 link radio condition.
Option 1 can follow similar RRC connected state to that of NR Uu. Unicast link PC5-RRC can be established and maintained to monitor unicast link between a pair of UE for RLM purpose. If unicast link experience radio link, the PC5-RRC can quickly detect the failure and necessary link recovery procedure can follow up, if necessary.

Therefore,
Proposal 1: For unicast operation, PC5-RRC state should be defined.
2.2. AS configuration information

RAN2 agreed that SL UE context may include at least SL UE capability of the destination UE, but whether he UE AS configuration information can be also stored in SL UE content, there was no clear consensus. Simply put, whether AS configuration information is stored in SL UE content, or not does not impact the basic functionality for SL. But, if AS configuration information is stored in SL UE content, what may be the potential pros and cons?

Storing AS configuration information in SL UE context, would be beneficial to allow delta configuration for SL AS connection establishment and communication. This would avoid repetitive AS configuration information signalling thus reducing SL signalling overhead for SL establishment. 

Observation 2: Storing AS configuration information in UE context would allow delta configuration for SL AS connection establishment configuration.
Further storing AS configuration information in UE context does not require significant storage ability or extra burden.

Therefore,

Proposal 2: AS configuration information is stored in UE context for SL connection establishment configuration.
2.3. AS capability and AS-configuration in one MAC PDU

RAN2 has agreed that separate RRC messages are defined for capability transfer and for AS-layer configuration, and FFS on whether the two messages can be transmitted together in the same MAC PDU. In our understanding, for the first PC5-RRC message from initialling UE to target UE, only capability information is needed, because without capability transferred, the associated AS-configuration may only result in invalidity because of TX-RX capability mismatch. For the response PC5-RRC message, however, it seems OK for the target UE to transmit its capability information as well as the AS-configuration together in one MAC PDU, for the purpose of latency deduction. Figure 1 in an example of this. Therefore, at least this case can be supported.
Proposal 3: AS capability transfer message and AS-layer configuration can be transmitted together in the same MAC PDU (e.g. in the PC5-RRC message from target UE to initialling UE).
2.4. PC5-S and PC5-RRC messages in one MAC PDU

Another issue is that, although RAN2 agreed to not encapsulate PC5-S message related to link setup into PC5-RRC message for AS-layer configuration and capability information, and agreed that:

	SCCH and STCH can be multiplexed into one MAC PDU in NR Sidelink for the same destination, if needed, in the same way with multiplexing of STCHs, i.e. based on LCID.


there is still a left issue about whether PC5-S message related to link setup should be transmitted together with capability information, in one MAC PDU, to avoid the TX-RX capability mismatch problem. This mismatch problem is identified in previous meeting, which means that the UE pair may establish the upper layer PC5-S link successfully but only result in a quick link release due to the AS-level failure, e.g. due to TX-RX capability mismatch.as the Because the mismatch problem involves with the security issue, an LS was sent to SA3, and their response is as follows [3]:

	Q1: RAN2 would like to ask SA3 whether or not ciphering and integrity protection should be applied to PC5-RRC messages for NR V2X unicast Sidelink Communication

A1: SA3 considers that in principle, ciphering and integrity protection should be applied to RRC messages, but it depends on information conveyed in PC5-RRC messages. To decide when and how ciphering and integrity protection should be applied to PC5-RRC messages for NR V2X unicast Sidelink Communication, SA3 would like to request additional information from RAN2 as soon as it is available on the specific information to be exchanged in the PC5 RRC messages.

<text omitted…>
Q4: RAN2 would like to ask SA3 whether or not the following PC5-RRC messages can be sent without protection before PC5 security association as in the answer for above Q1.

a) PC5-RRC message carrying UE Capability

b) PC5-RRC message carrying AS Configuration

A4: SA3 considers that it depends on the information included in the UE Capability and AS configuration whether or not PC5-RRC messages carrying UE Capability and/or AS configuration can be sent without protection. SA3 would like to request additional information from RAN2 as soon as it is available on the specific information to be included in UE Capability and AS configuration messages.




In our opinion, the PC5-S message related to link setup, for example, PC5 direct communication request, should be transmitted together with PC5-RRC capability information to solve the TX-RX capability mismatch problem. RAN2 can further confirm the information included in the UE Capability to figure out if it can be sent without protection, and if the answer is yes, it is better that PC5 direct communication request is transmitted together with PC5-RRC capability information. By this method, the mismatch problem can be well handled. For the concrete capability discussion, it can be started with, e.g., as only single carrier is supported in R16, and the beam is not considered at this stage, the capabilities related to beams and CA are not needed in PC5-RRC procedure.
As for AS-configuration message, as it may not be transmitted without security activated, it may not be transmitted together with PC5 direct communication request. 

Proposal 4: RAN2 to discuss the information included in the UE Capability and send a reply LS to SA3 about the specific information.
Proposal 5: PC5 direct communication request is transmitted together with AS UE Capability information (e.g. in one MAC PDU), if no security concerns.

2.5. MAC behavior upon SL SRB release
When PC5-S connection is released RRC is informed and the RRC releases the associated PC5-RRC connection and the corresponding SL SRB and SL DRB. The coresponding low layer behavior, such as MAC, should also be considered. Currently on Uu, when UE releases SRB and related DRBs, the low layer MAC configuration are also release. For SL unicast if PC5-S connection is release, it MAC configuration are no longer useful and keeping its configuration does provide any meaningful use, thus similar to Uu, if SRB and related DRBs are released, its entity should also be released. However, the key question is that considering there may be multiple PC5-S and PC5-RRC connections, whether the MAC entity should be released upon one PC5-RRC connection or all of them. In our opinion, it is not reasonable to release the MAC entity only because of one PC5-RRC connection release, because lots of parameters are shared between different links. Therefore,
Proposal 6: If all the PC5-RRC connections and the corresponding SL SRB and SL DRB are released, the MAC entity is also released. 
3. Conclusion

This contribution discusses remaining issues on PC5-RRC and concludes with the following proposals:

Observation 1: Refering to PC5-S state for unicast operation is simple, but may not be efficient in monitoring PC5 link radio condition.

Observation 2: Storing AS configuration information in UE context would allow delta configuration for SL AS connection establishment configuration

Proposal 1: For unicast operation, a PC5-RRC state should be defined.
Proposal 2: AS configuration information is stored in UE context for SL connection establishment configuration.

Proposal 3: AS capability transfer message and AS-layer configuration can be transmitted together in the same MAC PDU (e.g. in the PC5-RRC message from target UE to initialling UE).
Proposal 4: RAN2 to discuss the information included in the UE Capability and send a reply LS to SA3 about the specific information.

Proposal 5: PC5 direct communication request is transmitted together with AS UE Capability information (e.g. in one MAC PDU), if no security concerns.
Proposal 6: If all the PC5-RRC connections and the corresponding SL SRB and SL DRB are released, the MAC entity is also released. 
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