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Introduction  
Agreements in the previous RAN2 meetings related to PC5-RRC connection establishment at AS level for V2X unicast communication are shown below. AS-level configuration/UE capability exchange using RRC signalling over PC5 has been agreed, however, while the concept of PC5-RRC connection is agreed, the explicit ‘connection’ establishment procedure is still not decided as the company views were divided. In this contribution, we provide our view on the aspects highlighted below related to PC5-RRC connection establishment procedure handling. 
Agreements on V2X unicast related to PC5-RRC (RAN2#105):
1: PC5-RRC is used to exchange UE capability and AS-layer configuration at least.
2: PC5-RRC based UE capability transfer procedure is triggered during or after PC5-S signalling for direct link setup. Further details can be discussed in WI stage.
3: PC5-RRC based UE capability transfer can be done in either one-way or two-way manner. Further details can be discussed in WI stage.
4: Further details on which UE to send out its own capability information can be discussed in WI stage.
5: PC5-RRC based AS-layer configuration procedure is triggered during or after PC5-S signalling for direct link setup. Further details can be discussed in WI stage.
6: PC5-RRC based AS-layer configuration can be done in a two-way manner. Further details can be discussed in WI stage.
7: Further details on which UE to send out PC5-RRC based AS-layer configuration can be discussed in WI stage.
Agreements on V2X unicast related to PC5-RRC (RAN2#105bis):
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.
Discussion
1.1 Modelling Sidelink PC5-RRC

In this section, we plan to discuss whether PC5-RRC needs to be modelled to have explicit connection establishment procedure and whether correspondingly, PC5-RRC state is necessary. The companies’ views are divided with respect to the connection establishment procedure and we think it would be good to understand the pros and cons of the procedure to make an appropriate technical decision. 

1.1.1 Need for PC5-RRC connection establishment procedure

As part of the consideration on where PC5-RRC signalling exchange takes place after PC5-S based connection establishment, we first analyse whether PC5-RRC needs to mimic Uu RRC for any specific purpose. As already discussed by some companies during the study item email discussion, the primary functions of Uu based RRC including obtaining RNTI from the network, establishing SRB1, and providing gNB with specific CN access information do not entirely correlate to those needed for sidelink connection establishment. Some aspects of Uu connection establishment when compared to sidelink are shown in table 1 below:

Table 1. Need for Uu-based connection establishment procedures for sidelink

	Functionality
	Support for Uu based RRC
	Support for sidelink (unicast specific)

	Upper layer connection establishment
	No such signalling. NAS initiates RRC upon receiving application service request 
	Direct communication message exchange at upper layer including security upon receiving application service request

	RACH
	Needed for congestion control /collision avoidance 
	Sensing is already done and channel is available, so RACH is not necessary

	Setup Request/Response
	To setup SRB1 before receiving UE context from CN 
	Preconfigured SL SRB is sufficient to exchange PC5-RRC signalling (as long as security is taken care). No need to obtain UE context from CN.

	Release of connection
	Release initiated by network to release resources (move UE to idle) or re-direct to a different frequency
	For V2X UEs, release procedure may not be necessary. Rely on upper layer keep alive signalling that has been already agreed. Support of sidelink PC5-RRC_IDLE is not needed (adds complexity)

	Suspension/resumption of connection
	To move UE to inactive wherein the source cell maintains UE context. 
	For V2X UEs, due to the dynamicity of the scenario, and given that there is no central node that can store the UE context for unicast communication, it is better not to suspend the sidelink connection once established. Support of sidelink PC5-RRC_INACTIVE is not needed (adds complexity)

	Connection reject
	Sent by the network due to different reasons (e.g. congestion) with wait timer 
	If upper layer direct link setup is successful, it is not clear why PC5-RRC reject would be necessary if a given service is authorized and supported by both the UEs. Support of PC5-RRC based reject is not needed.  

	Connection re-establishment
	To re-establish a connection for a RRC_CONNECTED UE
	Given the dynamicity of V2X UEs, the basic RLM procedure may be sufficient to be supported. 

	Number of messages for connection
	3 (RRC setup) +2 (security) +2 (reconfiguration) before data can be communicated to the network. No separate upper layer connection. 
	Minimize messages to support advanced V2X cases where delay is of paramount importance and peer UE may change due to varying communication range and speed. Upper layer connection is sufficient. 


Observation: 	The functions of RRC for Uu link are not expected of sidelink unicast communication and also given the dynamicity of V2X, should not be expected to be comparable.
As shown in table 1, compared to Uu link, primarily for V2X sidelink, there is already upper layer connection establishment procedure (as shown in figure 1) that is involved in finding an appropriate UE (with specific QoS support) to have unicast communication with. This refers to the agreed solution 11 for unicast link establishment in TR 23.786 which is the layer-2 link establishment procedure as defined in TS 23.303 (corresponding to upper layer communication exchange supported for ProSe as per TS 24.334) being reused for eV2X unicast link establishment. 
Furthermore, since RACH is also not necessary, the motivation to establish and maintain a PC5-RRC connection for vehicular UEs is not clear. It makes the whole procedure more complicated than Uu RRC since a given UE may have multiple unicast links with multiple UEs. Correspondingly, it might incur unnecessary overhead to maintain multiple PC5-RRC states for the same UE which is PC5 linked to multiple peer UEs. 




Figure 1. Layer 2 link establishment procedure [2]

Proposal 1: 	RAN2 to consider SL PC5-RRC signalling only for capabilities and configuration exchange between two V2X UEs and not support PC5-RRC based connection establishment while relying on upper layer for connection handling to support unicast communication.

There are multiple SLRB parameters that are TX/RX related expected to be configured at the target UE using PC5-RRC procedure. Even as the contents of UE capabilities are not finalized, we understand that there are certain capability aspects that need to be understood by the initiating UE before the SLRB configuration can be sent to the target UE. Therefore, we think that the two messages cannot be transmitted together within the same MAC PDU. Also, it is uncommon for UE capability exchange to happen multiple times between the same SRC-DEST pair and hence we need not consider message optimization in this specific scenario. The possible signalling exchange showcasing the option of upper layer connection establishment followed by PC5-RRC exchange is shown in figure 2. The security related details are pending SA3 discussion.

Proposal 2a:	PC5-RRC messages carrying UE capability and SLRB configuration are not transmitted together. 
Proposal 2b:	In general, UE capability transfer takes place before the SLRB configuration procedure.

It is understood that the direct connection establishment maintained at the upper layer involves multiple PC5 unicast links that could exist between the same SRC-DEST ID pair supporting different services [2]. As per SA2, as long as the same application layer ID and network layer protocol are to be used between the peer UEs for the invoked service, the same PC5 unicast link is used; otherwise, a new link is established. In RAN2, we can discuss about whether to follow SA2 and establish multiple PC5-RRC connections or define our own methodology wherein a single PC5-RRC connection is used between one SRC-DEST ID pair. 




Figure 2. PC5-RRC signalling exchange after direct communication link setup

1.1.2 Need for PC5-RRC state

Some of the primary motivations for the introduction of different RRC states in Uu are to save UE power and reduce overhead in the network. Both are not applicable for V2X UEs which would most likely correspond to vehicles. Platooning is an advanced V2X use case wherein a group of UEs potentially stay together over a long period of time, however, this utilizes groupcast mode of communication and PC5-RRC is not being considered for this case. It is not clear why V2X UEs would need to enter PC5-RRC_IDLE state and re-enter connected state wishing to connect to the same UEs as before. Similarly, referring to table 1 details, suspension of PC5-RRC ‘connection’ between two V2X UEs is not seen as necessary to save UE power or UE’s context at a central node. Thereby, PC5-RRC is considered to be ‘always on’ as long as upper layer does not indicate that the direct communication is released. Considering the two options discussed during last RAN2 meeting as outlined below, we prefer option 2 for UE’s state. 
	-  Option 1: Define PC5-RRC state for unicast operation, wherein PC5-RRC connection has to be explicitly established through additional signalling (after PC5-S connection is established) and its state is maintained by establishing and releasing of the connection.
	-  Option 2: Refer to PC5-S state for unicast operation, wherein it is assumed that PC5-RRC is active and exchange of signalling viable as long as upper layer direct communication establishment is still valid (i.e. upper layer has not indicated release of the connection) and security procedure is completed. 

Proposal 3:	No specific PC5-RRC state is defined for unicast operation. Upper layer communication exchange triggers PC5-RRC signalling and as long as at least one of the upper layer PC5 unicast links is valid, PC5-RRC signalling messages can be exchanged. 

During the study, there were discussions about SL signalling radio bearer and whether one or two SL SRBs are needed. This decision is to be considered pending SL RRC connection establishment and security procedures. If there is no separate SL RRC connection setup procedure and if upper layer security is considered sufficient for sending SL RRC configuration signalling messages, we think that one default SL SRB is sufficient to be supported to carry configuration and capability information.

Conclusion
In this contribution, we provide considerations on PC5-RRC signalling aspects for NR V2X sidelink and have the following observation and proposals:
Observation. 	The functions of RRC for Uu link are not expected of sidelink unicast communication and also given the dynamicity of V2X should not be expected to be comparable.
Proposal 1: 	RAN2 to consider SL PC5-RRC signalling only for capabilities and configuration exchange between two V2X UEs and not support PC5-RRC based connection establishment while relying on upper layer for connection handling to support unicast communication.

Proposal 2a:	PC5-RRC messages carrying UE capability and SLRB configuration are not transmitted together. 
Proposal 2b:	In general, UE capability transfer takes place before the SLRB configuration procedure.. 

Proposal 3:	No specific PC5-RRC state is defined for unicast operation. Upper layer communication exchange triggers PC5-RRC signalling and as long as at least one of the upper layer PC5 unicast links is valid, PC5-RRC signalling messages can be exchanged. 
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