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1 Introduction
In the SI phase, RAN2 discussed the definition, procedure, signalling flows and information for SL connection establishment. However, the following two options are left to WI for down selection [1]:
· Option 1: AS layer connection establishment procedure by PC5-RRC is also needed.
· Option 2: Upper layer connection establishment procedure is enough.
In addition, RAN2 made the following agreements for PC5 RRC usage in the last meeting [2].

	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 AS-layer configuration procedure is triggered during or after PC5-S signalling for direct link setup. Further details can be discussed in WI stage


In this paper, we further analyse the above two options and propose to adopt Option 2.  

2 Analyses on the necessity of AS layer connection establishment procedure in NR SL
According to companies’ input to the email discussion [3], the main arguments for supporting the above Option 1, i.e. a PC5 RRC connection establishment procedure, include the following points:
·  Point 1: Conceptually an AS layer connection is needed to exchange the AS layer configuration and signalling for unicast. 
·  Point 2: Only using one SL SRB (e.g. SL SRB0) or common control channel to convey the PC5-RRC messages is not enough. SL SRB other than SL SRB0 or dedicated control channel should have way to be established. So the step where a transition from “SL SRB0/common control channel” to “Other SL SRB/dedicated control channel” is the so called “AS layer connection establishment procedure”.
·  Point 3: The AS connection can be established only after the radio capabilities are exchanged, and so the AS-layer connection establishment procedure is needed to exchange the radio capabilities of the peer UEs.
·  Point 4: AS layer connection establishment procedure is used to support PC5-S connection establishment procedure. One unified PC5-RRC procedure can be used to setup both AS connection and PC5-S layer connection. For example, use a PC5 RRC Connection Request message to carry PC5-S Direct Communication Request message in a container, and a PC5 RRC Connection Response message to carry PC5-S Direct Communication Accept or Reject message (e.g. piggyback).
Next, we give our considerations on the above points one by one.
· Considerations on Point 1
In the last meeting, RAN2 came to the common understanding that the AS layer information/configurations for sidelink unicast communication should be exchanged between the peer UEs, including at least UE capability information and SL reconfiguration message, and they are to be carried by PC5-RRC signalling. To handle the AS layer configuration and the PC5-RRC signalling, we share the view that the connection between the two peer UEs is needed. However, connection here does not necessarily mean “a connection established via RRC”. After the PC5-S connection is established, the two UEs have verified the validation of each other and obtain the peer UE’s Layer 2 ID, which is subsequently used by the AS layer for sidelink transmission/reception, so that there seems to be no other factor that still makes the PC5-RRC signalling exchange infeasible. 
Actually, we also have the similar logic in Uu. For example, the UE and the gNB need to exchange the MAC signalling, but this does not mean the UE and the gNB should establish a so called "MAC layer" connection; instead, once the RRC connection has been established between the UE and the gNB, they can already exchange the MAC signalling afterward. With such an analogy, we do not think point 1 is a valid point to argue for Option 1. 
With the above analysis, we have the first observation as below:
Observation 1: To enable the exchange of AS layer configuration and PC5-RRC signalling for unicast, PC5-S established connection is already feasible and enough; in other words, once the PC5-S connection is established, the PC5-RRC signalling can be exchanged between the UEs. Hence an AS connection establishment procedure by PC5-RRC is dispensable for such purpose. 
· Considerations on Point 2

Firstly, as there should always be an SL SRB to send the very first PC5 RRC message, we think there should anyway be an SL SRB with specified configurations and such a specified SL SRB configuration may already be enough to support all the PC5 RRC messages no matter for which procedure each PC5 RRC message actually is and may also be enough to be used by all unicast links. In other words, we do not think it is essential to have different SL SRB configurations, either for different PC5 RRC message or for different PC5 unicast links.

Secondly, even if some people still argue that having only one specified SL SRB configuration is not enough, we think this can still be solved without any forms of AS layer connection establishment procedure needed. For example, for the case where a particular SL SRB configuration is needed, the initiating UE can initiate the SL RRC reconfiguration procedure to modify the SL SRB’s configuration. This is just like using RRCReconfiguration message conveyed via SRB1 to modify also the SRB1 configuration in Uu.

Thirdly, we should not confuse two concepts, i.e. SRB with specified configuration and common control channel. Only having SL SRB with specified configuration does not mean we can just have one single common control channel with in a UE. In our understanding, as long as the UEs in sidelink uncast get the Layer 2 IDs of each other, the PC5-RRC message exchanged between them can be addressed by the UEs’ Layer 2 IDs. In this sense, the control channel to convey the PC5-RRC message is actually the dedicated control channel that is specific to the peer UE’s Layer 2 ID (or dedicated to this specific unicast link). Specifically, before the PC5-S connection is established, one UE does not have the unicast Layer 2 ID of the peer UE. So the first PC5-S signalling needs to use a broadcast Layer 2 ID, as indicated by SA2 in [4]. Only the logical channel to transmit this specific PC5-S signalling, via broadcast, is a so called “common control channel”. After the PC5-S connection establishment procedure, the UEs obtain the Layer 2 ID of each other, and then both the PC5-S signalling and the PC5-RRC signalling are addressed by the unicast Layer 2 ID of the target UE. The logical channel for those signalling is actually the “dedicated control channel” specific to this  pair of UEs identified by their Layer 2 IDs. To this end, it is actually the the PC5-S connection establishment procedure that funictions as the step where a transition from a “common control channel” to “dedicated control channel” is done. On top of that, we do not need to have a redundant step for AS layer connection establishment by PC5-RRC.
With the above analysis, we have the second and third observations as below:

Observation 2: Defining only one SL SRB is enough. The SL SRB can be reconfigured on demand via the SL RRC reconfiguration procedure (if really necessary).
Observation 3: The PC5-S connection establishment procedure is just the step for the transition from having only “common control channel” to having also “dedicated control channel”. 
· Considerations on Point 3
We do not understand the reason why the AS layer connection can be established only after the radio capability are exchanged between the UEs. In our understanding, if two UEs are able to perform PC5-S link establishment procedure and successfully establish a unicast link on a certain carrier/some certain resource(s), the two UEs should at least be able to carry out subsequent unicast communication on that carrier/those resources where the link establishment was performed. The UE radio capability may only need to be used to coordinate between the two UEs on what additional carrier frequencies/radio resources their unicast communication can be performed (e.g. CA/multi-BWP operations, etc.) as well. In this case, there seems to be no problem for such UE radio capabilities to be exchanged via PC5-RRC after the connection establishment in PC5-S, instead of having to be done during the connection establishment.
Moreover, we have concerns on containing the UE SL radio capability in the PC5-RRC signalling exchanged during the unicast connection establishment procedure, as proposed by some companies, from the security perspective. For the UE radio capability transfer procedure in Uu, SA3 has agreed the following requirement that “The 5G system shall have support for protection against tampering of RRC UECapabilityInformation messages” which has been captured in their TR [5]. In addition, SA3 has kicked off the SI on the security aspects study for the NR V2X [6]. However, when it comes to PC5, before the PC5-S connection establishment is finished, the PC5 security might not have been activated, so that it would be unsafe for the capability information to be exchanged during the connection establishment procedure. 
So, for NR PC5, we think RAN2 needs to consult SA3 on whether the UE SL radio capability messages can be transferred without security protection before making any decision. After getting the answers from SA3, RAN2 can than discuss when the UE can initiate the SL capability exchange procedure (e.g. during/after the PC5-S connection establishment procedure).
Observation 4: It is not necessary to take the exchange of the UE SL radio capability as a part within the connection establishment procedure. 

Observation 5: It is necessary to consult SA3 on whether the UE SL radio capability messages can be exchanged without security protection, before one can judge the feasibility of SL UE capability exchange during PC5- S connection establishment procedure.

· Considerations on Point 4
First, we understand that one of the benefits to use the PC5-RRC connection establishment procedure by the piggyback/inclusion of the PC5-S messages for connection establishment in PC5-RRC messages is just to save one or two specified logical channel ID, compared to having independent PC5-S establishment procedure with dedicated LCIDs for PC5-S as in LTE D2D. The reason is in the former case, we at least do not need to specify the specific LCID for the PC5 Direct Communication Request/PC5 Direct Communication Response message, but rely on the LCID of the SL SRB. Other than that, another characteristic for such a way may be that if all the PC5-S signalling can be encapsulated into the PC5-RRC message, the PC5 signalling protocol stack that is used in D2D for one-to-one SL communication is not needed since only having the PC5-C protocol stack as shown in the Figured 1 may already be enough to transmit both the PC5-S messages and the PC5-RRC messages. However, in our view, those two points are just for optimisation, instead of being for essential function. 
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Figure 1 PC5 control plane protocol stack, if PC5 signalling is carried by PC5-RRC in containers
In particular, if the similar PC5-S connection establishment procedure from LTE D2D can be inherited to NR PC5, then in addition to the Direct Communication Request and Direct Communication Response messages, there are two other messages during the connection establishment procedure, i.e., the Direct Security Mode Command and Direct Security Mode Complete messages. In this case, we are wondering which PC5-RRC message during the AS layer connection establishment procedure can be used to encapsulate these two PC5-S messages, if one has to use PC5-RRC to carry PC5-S signalling? It seems we have to define two new PC5 RRC messages specifically for this purpose. This is a definite con to use the PC5-RRC connection establishment to encapsulate PC5-S signalling during connection establishment procedure, leading to more standard efforts in RAN. 
With the above analysis, we have the sixth and seventh observations as below:
Observation 6: The benefits of using PC5-RRC signalling to encapsulate PC5-S Signalling during PC5-S connection establishment are trivial.

Observation 7: If PC5-RRC signalling is used to encapsulate PC5-S Signalling for PC5-S connection establishment, some other PC5-RRC messages (in addition to the message for RRC connection request and RRC connection setup) should be specified, which obviously leads to more standard efforts in RAN2.
Based on the above observations, we have the following proposal:

Proposal: For the unicast connection establishment, RAN2 agrees to adapt Option 2, i.e. only Upper layer connection establishment procedure is enough.
3 Conclusion

In this paper, we further analyse the following two options for SL unicast connection establishment procedure.  

· Option 1: AS layer connection establishment procedure by PC5-RRC is also needed.

· Option 2: Upper layer connection establishment procedure is enough
Our observations are listed as below:
Observation 1: To enable the exchange of AS layer configuration and PC5-RRC signalling for unicast, PC5-S established connection is already feasible and enough; in other words, once the PC5-S connection is established, the PC5-RRC signalling can be exchanged between the UEs. Hence an AS connection establishment procedure by PC5-RRC is dispensable for such purpose. 

Observation 2: Defining only one SL SRB is enough. The SL SRB can be reconfigured on demand via the SL RRC reconfiguration procedure (if really necessary).

Observation 3: The PC5-S connection establishment procedure is just the step for the transition from having only “common control channel” to having also “dedicated control channel”. 
Observation 4: It is not necessary to take the exchange of the UE SL radio capability as a part within the connection establishment procedure. 

Observation 5: It is necessary to consult SA3 on whether the UE SL radio capability messages can be exchanged without security protection, before one can judge the feasibility of SL UE capability exchange during PC5- S connection establishment procedure.

Observation 6: The benefits of using PC5-RRC signalling to encapsulate PC5-S Signalling during PC5-S connection establishment are trivial.

Observation 7: If PC5-RRC signalling is used to encapsulate PC5-S Signalling for PC5-S connection establishment, some other PC5-RRC messages (in addition to the message for RRC connection request and RRC connection setup) should be specified, which obviously leads to more standard efforts in RAN2.
Based on the above observations, we have the following proposal:

Proposal: For the unicast connection establishment, RAN2 agrees to adapt Option 2, i.e. only Upper layer connection establishment procedure is enough.
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