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Introduction  
As part of the NR V2X study item, the following agreements were made in RAN2 pertaining to the sidelink connection establishment at the AS level. There was an extensive email discussion ([104#55][NR/V2X] Unicast (OPPO)) discussing the details of two options for sidelink unicast connection establishment including whether the upper layer connection establishment is enough or AS layer connection establishment is also needed. As shown in the agreements below, AS-level configuration exchange using RRC signalling over PC5 has been agreed, however, the ‘connection’ establishment procedure is still not decided as the company views were divided between the two options. In this contribution we try to shed further light on the two options and provide some insights for further consideration relating to the highlighted aspects from agreements below. 
Agreements on unicast (RAN2#104)
3:	AS-level information is exchanged via RRC signalling (e.g. PC5-RRC) among UEs via sidelink for SL unicast. New logical channel (SCCH: SL Control Channel) in addition to STCH (SL Traffic Channel) will be also introduced. SCCH carriers PC5-RRC messages.
5:	RAN2 will study a kind of RRM or RLM based AS level link management. RAN2 will not consider a kind of PC5-RRC level keep alive message based management. Further discussion on possible detailed options is needed.
Agreements on V2X unicast (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.

Discussion
1.1 Modeling Sidelink PC5-RRC

Several companies provided views on the modelling of PC5-RRC based AS-level configuration/connection as part of the email discussion and through contributions during the study phase on NR V2X. The different options can be summarized as follows: 
Option 1. AS layer connection establishment using PC5-RRC in addition to upper layer signalling 
· 1a. Direct communication Request/Accept embedded within PC5-RRC signalling
· 1b. PC5-RRC signalling for connection during upper layer signalling for connection establishment
· 1c. PC5-RRC signalling for connection after upper layer signalling for connection establishment

Option 2. Only upper layer signalling for connection establishment and AS layer signalling for capabilities/configuration exchange 
· 2a. PC5-RRC signalling for capabilities/configuration during upper layer signalling for connection establishment
· 2b. PC5-RRC signalling for capabilities/configuration after upper layer signalling for connection establishment

1.1.1 Option 1a 
Some companies had suggested to embed the PC5 based signalling messages within PC5-RRC messages to be sent from the initiating UE to the peer UE similar to NAS messages sent within RRC over Uu indicating a joint operation involving upper and lower layers. We think that neither the scenario, nor the direct communication type of messages correlate to sending NAS over RRC for the following reasons:
· In the case of Uu, as the UE cannot broadcast messages to the core network and has to go through the access via gNB, a pass-through using RRC signalling message was necessary. In the case of V2X communication, the link is to be established only between the two UEs. Embedding the upper layer signalling within RRC would only cause additional signalling overhead. 
· In the case of NAS message transfer, RRC is simply providing a container and AS is not aware of the message contents. In the case of sidelink, if the RRC is aware of the upper layer signalling message contents, it would be more prudent to only have RRC signalling; on the other hand if the RRC is unaware of the direct communication message contents, the purpose of the pass-through is not clear. If the link establishment at the upper layer is unsuccessful, unless the RRC decodes the messages, it will not be aware of the communication response from the peer UE. 
· If PC5-RRC connection request/response type of messages are defined to carry the PC5-S ‘Direct Communication Request/Accept’ type of messages, further PC5-RRC messages may need to be defined to carry the PC5-S ‘Direct Security mode Command/Accept’ type of messages increasing the standardization complexity. 
· The AS layer signalling exchange for configuration and capability sharing between two peer UEs only applies for sidelink unicast communication. It would be strange to embed upper layer signalling only for unicast communication and not for broadcast communication (Details for groupcast is FFS). If a NR V2X UE only supports broadcast type of communication, it would not be efficient to support PC5-RRC for these UEs only to send the upper layer signalling messages embedded within PC5-RRC.
· Most importantly, PC5-RRC message containing UE-specific capabilities/configuration information should only be exchanged after some form of security establishment between the UEs. 

Therefore, we think that it is better if the lower layers get involved only after the upper layer has filtered based on supported V2X service, authorization information and security exchange and provided the lower layer with specific UE information e.g. layer2 ID to continue the communication with. As per the agreed solution 11 for unicast link establishment in TR 23.786, the layer-2 link establishment procedure as defined in TS 23.303 is suggested to be reused for eV2X unicast link establishment. The upper layer communication exchange supported for ProSe as per TS 24.334 is shown in figure 1 for reference.



Figure 1. Solution 11. V2X service oriented layer 2 link establishment procedure

Observation 1. 	The purpose of NAS for Uu link is to establish connection between the UE and the CN and hence varies from the PC5-S (upper layer) signalling that is defined for ProSe and being proposed to be reused for NR V2X. 
Observation 2. 	The AS layer signalling exchange for configuration and capability sharing between two peer UEs only applies for sidelink unicast communication.
Proposal 1. 	RAN2 to not consider option 1a of embedding upper layer signalling messages within PC5-RRC signalling for NR sidelink unicast connection establishment. 

1.1.2 Options 1b and 2a
Some companies indicated that the PC5-RRC exchange can be done DURING PC5-S connection establishment procedure. It is to be noted that the PC5-S Security mode exchange procedure already happens during the PC5-S direct communication request/accept process as shown in figure 2.


Figure 2. Direct security mode command exchange during PC5-S connection establishment

The only purpose to do an AS level exchange during PC5-S connection establishment would be to determine UE capabilities at the peer UE. There are multiple aspects to be considered to enable this procedure. Firstly, it is not yet clear which UE capabilities or AS configuration information are absolutely necessary to match before a sidelink can be established for supporting a given service. If it is related to specific carrier frequency to be supported or BWP configurations, these can be provided at a later time, while some of the basic requirements can be preconfigured as part of supporting specific services. Secondly, it is best if the UE capabilities/configuration exchange occur after security establishment. From the flow in figure 2, it is potentially possible to initiate the PC5-RRC based UE capabilities exchange at point A or point B. It is difficult to initiate at point A because the initiating UE does not know whether the security mode response reached the peer UE successfully or not.

Observation 3. 	It is challenging for TX UE to initiate UE capabilities/configuration exchange during PC5-S signalling exchange for direct communication due to security mode exchange. 

At point B, if the target UE wants to initiate any UE capabilities/configuration information exchange using PC5-RRC, in a one-step procedure, the target UE would only provide its own RX side parameters/configuration information and it is not clear if the initiating UE can make any decision based on this information. It can be a two-step procedure where the target UE sends a ‘UE Capability enquiry’ type of message and the TX UE shares its capabilities/configuration in a response message upon which the target UE may send the ‘Direct Communication Accept’ response accordingly. This would require cross-layer interaction in order to perform Direct communication accept based on satisfied upper layer service/authorization/security as well as lower layer capabilities/configuration support. Further details on this aspect is covered in [UE capabilities paper]. Furthermore, we need to wait for stage-3 analysis from CT1 to determine if lower layer exchange of capabilities/configuration is absolutely necessary before direct communication connection establishment can be completed before selecting option 1b or 2a.
Observation 4. 	PC5-RRC based capabilities/configuration exchange during direct communication can only take place after direct security mode command exchange and even then, it can most likely be only initiated by the target UE in a two-step manner.  
Proposal 2. 	RAN2 to not consider exchange of PC5-RRC messages during direct communication link setup unless a definite need is established from CT1 perspective for upper layer to be aware of UE capabilities before completing direct link setup. If there is support for this option, we need to wait until CT1 work is underway to conclude. 

1.1.3 Options 1c and 2b
In this section, as part of the consideration PC5-RRC signalling exchange 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, 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)

	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 5. 	The functions of RRC for Uu are not expected of sidelink unicast communication and also given the dynamicity of V2X should not be expected to be comparable.
In order to avoid standardization complexity, based on the aspects compared in table 1, we think that it is not necessary to establish a specific PC5-RRC based connection between the sidelink V2X UEs for the purpose of unicast communication only and therefore prefer to not consider option 1c but to agree upon option 2b. The possible signalling exchange showcasing this option is in figure 3. It is to be further discussed whether the capabilities and configuration exchange can be combined in one message depending on whether they are applicable per-UE pair or per-service (varying for every service even within same SRC-DEST pair) or per SRC layer2-ID. As per SA2 TS 23.287, based on the following aspect, it is possible for two V2X UEs to have multiple direct links setup between them (pending verification from CT1). 

" A UE may establish multiple unicast links with a peer UE and use the same or different source Layer-2 IDs for these unicast links."

We need to determine how this affects the signalling at lower layer. As already covered in [], the SLRB configuration is to be sent from the initiating V2X UE to the target UE; whether it is accomplished using one PC5-RRC signalling message per source layer-2 ID or multiple messages is to be studied. 
Proposal 3. 	RAN2 to consider SL PC5-RRC signalling for capabilities and configuration exchange between two V2X UEs and rely on upper layer for connection establishment to support unicast communication.


Figure 3. PC5-RRC signalling exchange AFTER direct communication link setup

1.1.4 Security aspects
In order to ensure that the PC5-RRC messages are ciphered and integrity protected, security needs to be activated and made available at this layer before unicast communication occurs between the UEs. One option is PC5-RRC based security exchange similar to AS security exchange in case a similarity to Uu is desired. It will involve a lot of standardization complexity to define multiple PC5-RRC messages and the gain vs. complexity analysis has to be done. Based on our analysis from table 1, we think that PC5-RRC based security exchange may not be necessary just to mimic Uu. PC5-S signalling exchange based security keys as per [4][5] can potentially be reused and applied to PC5-RRC signalling messages. We need to verify with SA3 whether this is feasible but we can make a working assumption that it can be considered. Furthermore, if PC5-RRC based security exchange is to be done, it will also involve a lot of cross-layer interaction causing UE impact especially for options 1b and 2a (i.e. PC5-RRC based security message exchange also to be done DURING upper layer connection establishment). 

Proposal 4: 	RAN2 make a WA that PC5-RRC Signalling messages [e.g. PC5-RRC Configuration] can be ciphered and integrity protected using upper layer security i.e. PC5-S based ‘Direct Security Mode Command exchange’. Verify with SA3 if this is sufficient for V2X unicast communication. 	

As already discussed in previous sub-section, SA2 has agreed to support multiple unicast links between the same peer UEs using same or different source layer-2 IDs to support different services. It is not clear whether the security exchange will be repeated or it will be kept per-UE-pair level. We need to check with SA3 on this aspect as it will affect security for PC5-RRC signalling which we propose to be at per-UE level.

Proposal 5: 	RAN2 to check with SA3 if multiple unicast links correspond to multiple PC5-S based ‘Direct Security Mode Command exchanges’ or the security can be at per UE level for V2X unicast communication to understand how it will affect security for PC5-RRC signalling. 	
Conclusion
In this contribution, we provide considerations on PC5-RRC signalling aspects for NR V2X sidelink and have the following observations and proposals:
Observation 1. 	The purpose of NAS for Uu link is to establish connection between the UE and the CN and hence varies from the PC5-S (upper layer) signalling that is defined for ProSe and being proposed to be reused for NR V2X. 
Observation 2. 	The AS layer signalling exchange for configuration and capability sharing between two peer UEs only applies for sidelink unicast communication.
Observation 3. 	It is challenging for TX UE to initiate UE capabilities/configuration exchange during PC5-S signalling exchange for direct communication due to security mode exchange. 
Observation 4. 	PC5-RRC based capabilities/configuration exchange during direct communication can only take place after direct security mode command exchange and even then, it can most likely be only initiated by the target UE in a two-step manner.  
Observation 5. 	The functions of RRC for Uu 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 not consider option 1a of embedding upper layer signalling messages within PC5-RRC signalling for NR sidelink unicast connection establishment. 

[bookmark: _GoBack]Proposal 2. 	RAN2 to not consider exchange of PC5-RRC messages during direct communication link setup unless a definite need is established from CT1 perspective for upper layer to be aware of UE capabilities before completing direct link setup. If there is support for this option, we need to wait until CT1 work is underway to conclude. 

Proposal 3. 	RAN2 to consider SL PC5-RRC signalling for capabilities and configuration exchange between two V2X UEs and rely on upper layer for connection establishment to support unicast communication. 	

Proposal 4: 	RAN2 make a WA that PC5-RRC Signalling messages [e.g. PC5-RRC Configuration] can be ciphered and integrity protected using upper layer security i.e. PC5-S based ‘Direct Security Mode Command exchange’. Verify with SA3 if this is sufficient for V2X unicast communication.
 	
Proposal 5: 	RAN2 to check with SA3 if multiple unicast links correspond to multiple PC5-S based ‘Direct Security Mode Command exchanges’ or the security can be at per UE level for V2X unicast communication to understand how it will affect security for PC5-RRC signalling.
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