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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. PC5-RRC connection establishment procedure

If the PC5-RRC procedure for UE capability and AS-layer configuration exchange is DURING upper layer connection establishment, there are two possible options:

· Option 1: PC5-RRC signalling and PC5-S signalling are separated. PC5-RRC procedure begins after the PC5-S signalling for direct link setup and is completed before the direct link setup procedure finishes. Figure 1 is an example (concrete information in each RRC message may be discussed further).
This option is also discussed in [3].
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Figure 1 Option 1, an example of PC5-RRC signalling during upper layer connection establishment
If the PC5-RRC procedure for UE capability and AS-layer configuration exchange is AFTER upper layer connection establishment, there is only one option:

· Option 2: PC5-RRC procedure begins after the direct link setup procedure finishes.

Here the PC5 RRC procedures in Figure 2 can be a PC5-RRC connection setup procedure (e.g. used to establish SRB1 and DRBs) or just a procedure for AS-layer information exchange.

Overall speaking, no matter the PC5-S signalling and PC5-RRC signaling are separated or combined into a single PC5-RRC message, the main difference between that PC5-RRC procedure happens DURING and AFTER upper layer connection establishment is whether the upper layer response has already considered the information from AS layer. For example, if the PC5-RRC procedure begins AFTER the direct link setup procedure finishes, the QoS negotiation is only based on the service information and the upper layer connection is established without considering the UE capability and AS-layer configuration, which means that the AS layer may later figure out that the negotiated QoS by upper layer cannot be guaranteed or the AS-layer configuration cannot be accepted, resulting in a invalidity of upper layer connection and a link release. This will not happen for option-1 for the DURING case.
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Figure 2 Option 2, an example of PC5-RRC procedure begins after the direct link setup procedure finishes

Observation 3: PC5-RRC procedures DURING upper layer connection establishment means that upper layer’s response for the link setup and QoS negotiation has already considered the information from AS layer, so that the unicast link setup will not be invalid. 

Therefore,
Proposal 3: No matter the explicit AS-layer connection establishment is supported or not, PC5-RRC signalling used in connection establishment is triggered DURING PC5-S signalling for upper layer connection setup.

On the other hand, the heated discussions about whether to support AS-layer connection establishment procedure have been already done in the email, here we just want to stress that the main different is that the AS layer connection establishment means establishing the dedicated SRB (e.g., SRB1) for the unicast connection. Similar as Uu, the SRB1 can also be used configure one or more dedicated DRBs to guarantee the PC5 QoS requirements between the peer UEs. The SRB1 can also be used to carry other PC5-RRC signaling e.g., SL-related measurement configuration and report signaling for AS level link management. Therefore:

Proposal 4: To support explicit PC5-RRC connection establishment which can be used to establish dedicated SRB and DRBs.

2.4. Different PC5-RRC Messages 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 5: 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).
2.5.
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, there is still a left issue about whether PC5-S message related to link setup can be transmitted together with AS information, e.g. 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 [4]:

	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.

As for AS-configuration message, as it may not be transmitted without security activated, it may not be transmitted together with P PC5 direct communication request. 

Proposal 6: RAN2 to discuss the information included in the UE Capability and send a reply LS to SA3 about the specific information.
Proposal 7: PC5 direct communication request is transmitted together with AS UE Capability information (e.g. in one MAC PDU), if no security concerns.
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

Observation 3: PC5-RRC procedures DURING upper layer connection establishment means that upper layer’s response for the link setup and QoS negotiation has already considered the information from AS layer, so that the unicast link setup will not be invalid. 

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: No matter the explicit AS-layer connection establishment is supported or not, PC5-RRC signalling used in connection establishment is triggered DURING PC5-S signalling for upper layer connection setup.

Proposal 4: To support explicit PC5-RRC connection establishment which can be used to establish dedicated SRB and DRBs.

Proposal 5: 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 6: RAN2 to discuss the information included in the UE Capability and send a reply LS to SA3 about the specific information.

Proposal 7: PC5 direct communication request is transmitted together with AS UE Capability information (e.g. in one MAC PDU), if no security concerns.
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