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1 Introduction

NR V2X study has agreed [1] the introduction of PC5-RRC in NR V2X for unicast communication. PC5-S signalling is also used to establish direct link over PC5, as specified in 3GPP 24.334 [2] since Rel-13. 
In this paper, we first discuss some general functions for the SL RRC procedure, then we discuss how the new PC5-RRC procedure will interact and coordinate with upper layer link setup procedure.
2 Discussion
2.1 Functions supported in PC5-RRC 

RRC connection management is an importance part of RRC, as in both LTE and NR Uu design. V2X sidelink communication has some different characteristics from Uu. For example, there is no need to allocate C-RNTI in the sidelink case because L2 IDs are configured by upper layers of UE. However, we think “AS layer connection setup” is still a necessary first setup to establish a specific SL connection between two unicast UEs. Literally, there is no SL connections existing without this RRC procedure. 
SL unicast exchange between two peer UEs can be supported in two different manners:

· Case 1: Using L2 unicast address, but AS layer support is broadcast-based, similar to SRB0 in Uu
· Case 2: Using L2 unicast address. Also use AS layer specific-design, such as HARQ-feedback, RLC-AM. 

It is obvious that case 1 is the legacy way to send PC5-S signaling in Rel-13. Naturally, SL broadcast is not as reliable as unicast. Consider the use case for SL unicast, e.g. coordinated driving, lane change, collision avoidance, higher degrees of automation, it is critical to have higher QoS requirement for unicast communication. This also requires the PC5-RRC signaling which maintains SL unicast connection to be also transported reliably.
Observation`1:
PC5-RRC signaling for SL unicast need to be transported with higher reliability 
With NR V2X design, it shall be possible to enable signaling exchange with AS-layer unicast in Case 2. But Without a concept of SL RRC connection, there is no way to differentiate the two cases above. The peer UEs will not have a clear understanding that when (i.e., in which state), the UE shall apply unicast-specific AS layer parameters. 

Logically, the first case is only used for sending the first (or first few) RRC messages. SL unicast shall be able to use case 2 for exchange information with improved reliability and other AS-layer features unique for unicast (e.g., enhanced security). This will happen after both UEs agreed to use a new set of AS layer unicast configuration specific to this pair of UEs, to exchange further signaling. We cannot assume all V2X unicast communication just use a default SL SRB0 which are essentially degrade the SL unicast to SL broadcast.
Proposal 1
PC5-RRC signalling exchange between V2X UEs should use SL unicast in AS layer, and not use SL broadcast radio resource configurations.
Hence, there must be one milestone step where a transition from a “common control channel access” to “dedicated control/traffic channel access” happens. We think this is the so-called “AS layer connection establishment” procedure. It is obvious that PC5-S signaling in V2X layer does not fulfill this transition and does not exchange any parameters to help to achieve this transition. An RRC procedure is needed to complete this transition. 
Proposal 2
RRC connection setup procedure is needed for SL unicast over PC5 interface. 

This procedure may be coincidental with the capability exchange transaction described in TR 38.885 [5]. Capability matching is one necessary step to determine whether a AS-layer connection is feasible or not in AS layer.
Proposal 3
Sidelink unicast capability exchange can be part of RRC connection setup.
One of the other primary functions of RRC procedure is radio bearer establishment, reconfiguration and release. Usually, control plane message over PC5 shall not be mixed with user plane traffic. For the PC5 control plane signaling, including both PC5-S and PC5-RRC messages, at least one dedicated SRB is needed. For NR V2X unicast, it is obvious that a variety of DRBs could be established for various QoS flows between those two UEs. 

Proposal 4
Both Signalling Radio Bearers (SRB) and Data radio bearers (DRB) are to be established by PC5-RRC procedure.
Usually, to establish radio bearers, configuration of AS-layer parameters (e.g., PDCP/RLC/MAC configuration) are to be shared/negotiated with the peer UE. This radio bearer establishment procedure shall include the AS layer configuration information transaction described in TR 38.885 [5].
Proposal 5
Sidelink AS layer configuration exchange can be part of RRC radio bearer setup procedure.
2.2 Coordination between PC5-RRC and PC5-S

AS layers of the V2X UE does not establish RRC connections between two UEs by itself. Instead, this is motivated by upper layers due to the existence of SL traffic to a V2X UE in the proximity. It is worth noting that whether a packet is to be transmitted as unicast, broadcast or groupcast is not determined by AS layer, but determined by upper layer, as confirmed in SA2 [3]. Therefore, there is no reason to have AS layer self-trigger RRC procedure to establish unicast connection, without the upper-layer’s explicit request to setup direct link. The RRC connection setup procedure must be jointly executed in both V2X layer and RRC layer.
Proposal 6
PC5-RRC unicast connection setup procedure is triggered by V2X layer request for link setup. 

Then, regarding the transmission mechanism of PC5-S signalling over PC5, we think there are two cases need to be differentiated:

Case 1: Layer 2 ID of the target UE is known by the initiating UE. This could be a case that there are some upper-layer mechanisms (e.g., application-layer discovery or configuration) to allow that the peer UE’s Layer 2 address is known by the initiating UE a priori. Therefore, the first message in PC5-S link setup (i.e., DIRECT_COMMUNICATION_REQ), which is aimed to the unicast L2 address and can be transmitted as a unicast over PC5 interface. 
Case 2: In this case, as explained in the 6.11.3 of 3GPP TR 23.786[4], the initiator only knows the upper layer UE ID of the target UE, so in this case the transmission of the DIRECT_COMMUNICATION_REQ message cannot be unicast, because only a non-unicast L2 address (i.e., NR V2X broadcast address) can be used in the L2 header of this message.
Observation 2
 Whether the first PC5-S message is unicast or broadcast depends on whether upper layer discovering peer UE’s L2 ID address.
For the target UE receiving the DIRECT_COMMUNICAITON_REQ signalling, it has then known both its own L2 address and the peer UE L2 address included in the incoming PC5-S message (either included in AS layer L2 header or in an IE of PC5-S, details up to SA2), so if it decided to accept the request and proceed with the link setup, the PC5-S message will be sent to the unique L2 address of the initiating UE. And all the following PC5-S messages are using unicast L2 address.
Observation 3
Except the first PC5-S message for direct link setup, all the following PC5-S signalling shall be treated as unicast over PC5.

Because of the observations, regarding the RAN2 agreement below:

For AS-level information required to exchange among UEs via sidelink for SL unicast, RAN2 can consider the followings as a baseline and will check if the AS-level information can be agreed and the details after some progress in RAN2, SA2 and RAN1:


- UE ID, UE capability, Radio/Bearer configuration, PHY information/configuration (e.g. HARQ, CSI), Resource information/configuration and QoS info

We think there is no need to use AS layer information exchange mechanism (PC5-RRC) to exchange UE IDs, as it would part of PC5-S procedure in V2X layer 
Proposal 7
No need to use PC5-RRC procedure to exchange UE IDs, and leave it up to V2X layer.
As discussed above, the PC5-S message can be either send via SL broadcast (similar to Prose) or send via the new SL unicast mechanism introduced in NR V2X. Consider that PC5-S signalling protocol carries important control plane signalling and SL unicast has more AS layer procedures to ensure the reliable delivery of packets, use AS layer unicast mechanism is always preferred.  

In order to allow PC5-S signalling to use AS layer unicast for transport, it is better to establish unicast SL bearer(s) as early as possible. Thus, we think RRC connection setup and PC5-S link setup can be arranged in the following two options:

Option 1: Encapsulate PC5-S link setup signalling in RRC exchanges:
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In this option, the whole SL unicast procedure begins with the following steps:

Step 1:
V2X layer of the Initiator UE decides to trigger link setup and generate PC5-S message DIRECT_COMM_REQ and pass it to AS layer.

Step 2
 RRC layer puts the DIRECT_COMM_REQ as the RRC payload, along with other AS layer IEs and send this message to the target UE.

Step 3
Target UE receives the RRC message and pass the DIRECT_COMM_REQ to the V2X layer for processing. RRC entity of target UE process the RRC IEs. 

Step 4
If the V2X layer agrees to setup the link and AS layer agrees that the proposed SL unicast is feasible, then the target UE sends an RRC message back to carry the PC5-S payload, i.e., DIRECT_COMM_ACCEPT and other necessary AS layer IEs to setup a unicast radio bearer.
Step 5
After the SL unicast signalling radio bearer is setup, other PC5-S exchanges for link security and direct link maintenance can be transported over this SRB.

Option 2: Start RRC setup after initial PC5-S exchange:
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In this option, the whole SL unicast procedure begins with the following steps:

Step 1: 
V2X layer of Initiator UE decides to trigger link setup and generate PC5-S message DIRECT_COMM_REQ and pass it to AS layer. As there is no SLRB established, the AS layer must use broadcast transport.

Step 2:
V2X layer of Target UE receives the PC5-S message and accepts the link setup request by sending back a DIRECT_COMM_ACCEPT message. Because there is no AS layer unicast connection yet, so the message was transported via AS layer broadcast although it uses a unicast L2 ID of Initiator UE as the destination.

Step 3:
After the upper layer exchange, V2X layer triggered RRC layer to setup unicast RRC connection. Initiator UE will send 1st RRC message containing AS layer IEs to Target UE 

Step 4
Target UE receives the RRC message and examine whether the proposed SL unicast is feasible. If yes, then it sends RRC message 2 back to Initiator UE with necessary AS layer IEs to setup a unicast radio bearer.

Step 5: 
After the SL unicast signalling radio bearer is setup, other PC5-S exchanges for link security and direct link maintenance can be transported over this SRB.

Comparing those two options, Option 1 has less hand-shake, so it will cause less delay in the direct unicast connection setup. Also, it is like the Uu-based RRC procedure which also carries NAS layer payload. Therefore, we slightly prefer Option 1.
Proposal 8
RAN2 discuss to use either Option 1 or Option 2 to coordinate the PC5-S link setup and PC5-RRC connection setup.
3 Conclusion
Based on the discussion in section 2 we have following observations:

Observation`1:
PC5-RRC signaling for SL unicast need to be transported with higher reliability 
Observation 2
 Whether the first PC5-S message is unicast or broadcast depends on whether upper layer discovering peer UE’s L2 ID address.

Observation 3
Except the first PC5-S message for direct link setup, all the following PC5-S signalling shall be treated as unicast over PC5.

Also, we have the following proposals:
Proposal 1
PC5-RRC signalling exchange between V2X UEs should use SL unicast in AS layer, and not use SL broadcast radio resource configurations.
Proposal 2
RRC connection setup procedure is needed for SL unicast over PC5 interface. 

Proposal 3
Sidelink unicast capability exchange can be part of RRC connection setup.
Proposal 4
Both Signalling Radio Bearers (SRB) and Data radio bearers (DRB) are to be established by PC5-RRC procedure.
Proposal 5
Sidelink AS layer configuration exchange can be part of RRC radio bearer setup procedure.
Proposal 6
PC5-RRC unicast connection setup procedure is triggered by V2X layer request for link setup. 

Proposal 7
No need to use PC5-RRC procedure to exchange UE IDs, and leave it up to V2X layer.

Proposal 8
RAN2 discuss to use either Option 1 or Option 2 to coordinate the PC5-S link setup and PC5-RRC connection setup.
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