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1. Introduction

As discussed in RAN2#104, RAN2 had considered both options for unicast connection setup procedure during SI phase:

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


- Option 2: Upper layer connection establishment procedure is enough.
In the RAN2#105bis meeting, the PC5-RRC establishment procedure has been discussed and following agreements were made for PC5-RRC message exchange in V2X unicast.
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).

In the RAN2#106 meeting, the UE capability transfer procedure and AS-layer configuration procedure have been discussed and following agreement were made.
Agreements on PC5-RRC: 
1: 
Need bi-directional procedure for capability transfer procedure for bi-directional SL traffic.

2:
Working assumption: both bi-directional one-way procedure and two-way procedure for capability transfer are allowed. FFS on how to support in details.

3:
Need bi-directional procedure for AS-layer configuration procedure for bi-directional SL traffic.

4:
Apply the two-way procedure to bi-directional AS-layer configuration, but no need for figure in RRC specification correspondingly.

5:
Need to handle failure case for AS-layer configuration. Explicit failure message is used as baseline. Timer-based solution is also needed on top of explicit failure message.

In this document, we will further discuss the remaining open issues for NR SL unicast connection setup, which include:
· Issue 1: The necessity of PC5-RRC connection establishment;
· Issue 2: The issues of UE capability and AS configuration exchange procedure;
· Issue 3: The detail unicast connection setup procedure.
2. Discussion
2.1. Necessity of introducing AS layer connection establishment
During the discussion on PC5-RRC establishment procedure in the last meeting, some companies argued that the PC5-S one-to-one communication establishment procedure in LTE D2D can be inherited to NR V2X unicast. The UEs obtain the Layer 2 ID of each other during the PC5-S connection establishment procedure. Then the PC5-RRC signaling, e.g., UE capability exchange and AS layer configuration, can be addressed by the Layer 2 ID of the target UE. Hence, some companies consider the AS layer connection establishment procedure by PC5-RRC is not needed. 
However, from our point of view, the NR V2X unicast has the following different characteristics compared with the one-to-one communication in LTE D2D.
· Point 1: NR V2X supports more services compared with LTE D2D.
· Point 2: The UE needs to transmit UE capability and AS layer configuration through RRC signaling.
· Point 3: In the SI phase, RAN2 already agreed to support the SL RLM / RLF declaration based AS level link management at least in the NR V2X unicast.
· Point 4: The security issues of PC5-RRC signaling need to be considered. 
In the following, we analyze the above points one by one and give our considerations.
· Point 1
In NR V2X, there are multiple V2X services/applications in unicast. Those services/applications could be ongoing at the same time during the V2X unicast communication between two UEs. Hence, 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 as described in SA2 TS 23.287[1].
According to the current spec of SA2 TS 23.287, the mapping of Destination Layer-2 ID(s) and the V2X services can be (pre-)configured to the V2X UE. The Source Layer-2 ID(s) is(are) assigned by UE itself according to the V2X services of the V2X application. One UE may have multiple source layer-2 IDs for different V2X services. Therefore, when a new V2X service is coming in unicast, the UE can assign a new source Layer-2 ID to establish a new PC5-S unicast connection with the peer UE, regardless that the two UEs maybe have already established a unicast link. The UE could not bind different PC5-S connections targeting different V2X services with one peer UE, since the source/destination Layer-2 IDs may be different for different V2X services. Hence, the UE traffics for different PC5-S connections with the same peer UEs cannot be multiplexed in one MAC PDU even if there is enough resource. It will reduce the sidelink efficiency
Observation 1: A V2X UE may establish and manage multiple PC5-S connections simultaneously with the same peer UE for different unicast V2X services/applications. And the V2X UE could not identify whether some of the PC5-S connections are towards the same peer UE.
Observation 2: The logical channels of different PC5-S connections with the same peer UE cannot be multiplexed in one MAC PDU. It will reduce the sidelink resource efficiency.

· Point 2
Compared with LTE D2D, the UE capability needs to be exchanged and the AS layer configuration needs to be configured between two UEs with unicast connection via PC5-RRC signaling. Since a UE may establish multiple unicast links with the same peer UE using different Source/Destination Layer-2 IDs for different V2X services, a UE will exchange the same information (e.g. capability, AS configuration, etc.) with the same peer UE several times considering different PC5-S connections are used for different services. Moreover, the peer UE may store UE capability and AS configuration from one UE several times. It will increase the UE complexity and reduce the sidelink resource efficiency.
Observation 3: Due to multiple PC5-S connections simultaneously used between the pair of unicast UEs, these two paired UEs should exchange the same information (e.g. capability, AS configuration, etc.) several times.

· Point 3
In SI phase, RAN2 already agreed to support RLM/RLF declaration at least for V2X unicast. RAN1 also made some progress in AS level link management for unicast in the last meeting. Therefore, if there is only PC5-S connection and no PC5-RRC connection, one UE may need to measure SL signals for each PC5-S connection. Therefore, if the UE has multiple PC5-S connection with the same peer UE, the UE(s) may need to perform RLM/RLF for each PC5-S connections with the same peer UE. It is doubtable whether it is feasible in RAN1. And even if it is feasible, it will increase the UE complexity.

Observation 4: Due to multiple PC5-S connections simultaneously used between the pair of unicast UEs, the UE(s) may need to perform RLM/RLF for each PC5-S connections with the same peer UE.
· Point 4
In Uu, AS security is activated when SRB1 is established, i.e., prior to establishment of SRB2 and/or DRBs. In another word, Uu AS security is applied only when RRC connection is established. For SL AS layer security in NR V2X unicast, SA3 has replied RAN2 LS and said that in principle, ciphering and integrity protection should be applied to RRC messages, but it depends on information conveyed in PC5-RRC messages [2]. RAN2 can provide more detail procedures on link establishment procedures of AS link layers and the specific information to be exchanged in the PC5 RRC messages to SA3. If SA3 confirms PC5-RRC messages need to be integrity protected and ciphered after the specific AS security activation, the AS-layer connection establishment procedure is needed to establish SRB1/SRB2/DRBs and active the AS security.
Observation 5: If SA3 confirm the PC5-RRC messages need to be ciphered and integrity protected by AS layer security, only PC5-S connection establishment procedure is not enough. The AS-layer connection establishment procedure is needed.

Based on the above observations, only PC5-S connection establishments between the pair of unicast UEs is not enough. AS layer connection setup procedure is also needed to identify whether some of the PC5-S connections are towards the same peer UE. Thus, we have the following proposal:
Proposal 1: AS layer connection setup procedure is necessary for sidelink unicast communication.
According to the above analysis, one challenge issue on PC5-RRC connection is layer-2 ID allocation. In current spec of SA2 TS 23.287, the Destination Layer-2 ID(s) and Source Layer-2 ID(s) can be different for different V2X services. One UE may have multiple source layer-2 IDs according to different V2X services. The related context in TS 23.287 [1] is in Appendix A.
According to the highlight part of TS 23.287 in Appendix A, SA2 already agreed that the source UE doesn’t know whether different target Application Layer IDs over different PC5 unicast links belong to the same target UE. Therefore, a UE may establish multiple PC5-S connections with the same peer UE using different Source/Destination Layer-2 IDs for different V2X services. RAN2 should further study how to let the V2X UE know whether some of the PC5-S connections are towards the same peer UE. For example, one option is RAN2 can define a unique ID for the UE which can be used during AS layer connection procedure. Thus, the V2X UE can establish the SL UE context per destination UE. The V2X UE only needs to management one AS layer unicast connection with the same peer UE.
Proposal 2: RAN2 should further study how to ensure there is only one AS connection between the unicast pair UEs.
2.2. UE capability and AS configuration exchange procedure

In current spec of TS 36.306, some UE capabilities in LTE V2X have been specified. The related context in TS 36.306 [4] is in Appendix B. In LTE V2X, the UE capabilities include zoneBasedPoolSelection capability, HighReception capability, FullSensing/PartialSensing capability, HighPower class capability, Supported BandCombination List, 64QAM capability and so on. As a summary, all the LTE V2X UE capabilities are related higher transmission and reception capability, except for the Supported BandCombination List.
For NR V2X, only one BWP is supported in Rel-16. Thus, Rel-16 NR V2X UEs don’t need the Supported BandCombination List capability. Based on LTE V2X, the NR V2X UE capabilities may include zoneBasedPoolSelection capability, higher MCS level, higher power class, higher Reception capability, MIMO capability and so on. If the NR V2X UE doesn’t have those capabilities, the UE still can perform the NR V2X communication using the default capabilities, which don’t need to be exchanged between the unicast pair UEs. Thus, the UE capabilities cannot impact the communication link establishment procedure. 
Moreover, as usually, the UE capabilities and AS configuration messages need to be sent with protection after the security has been activated. Therefore, according to the above analysis, it is suggested that the UE capability exchange procedure should be performed after the AS connection setup procedure.
Proposal 3: The UE capabilities and/or AS configuration messages are sent after the AS connection setup procedure.
In the last meeting RAN2#106, there is a working assumption that both bi-directional one-way procedure and two-way procedure for capability transfer are allowed. The detail procedure needs to be further studied. We think it’s possible to support both bi-directional one-way procedure and two-way procedure for capability transfer. Then, the UE can be feasible to use either one-way procedure or two-way procedure to send its own capabilities or to get the peer UE’s capabilities.
Proposal 4: Confirm the working assumption that both bi-directional one-way procedure and two-way procedure for capability transfer are allowed.
The detail procedure for UE capability exchange is shown in Figure 1. To combine one-way procedure and two-way procedure, we prefer to introduce an indicator in UE capability exchange message to indicate whether to enquire the UE capabilities from the peer UE. For example, if the indicator indicates to send peer UE’s capability, it means to response this message, the peer UE needs to send its capabilities, i.e., two way procedure; otherwise, the peer UE doesn’t need to send its capabilities, i.e., one way procedure.
Proposal 5: To combine the bi-directional one-way procedure and two-way procedure for capability transfer, introduce an indicator to indicate whether to enquire the peer UE’s capabilities.
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Figure 1: UE capability exchange procedure
2.3. Unicast connection setup procedure
According to above analysis as well as the RAN2 agreements from RAN2#105bis and RAN2#106, we think that the basic procedure for V2X unicast connection setup would be approximately as shown in Figure 2. The AS layer connection is established after the PC5 Direct Communication Accept message to establish the security and setup a unique AS connection between two pair UEs. Then, UE capabilities and AS configuration messages are sent after the AS connection setup procedure.
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Figure 2: Unicast connection setup procedure
Proposal 6: Suggest RAN2 to study the detail procedure for V2X unicast link connection based on the following assumptions:
· The AS layer connection is established after the PC5 Direct Communication Accept message;

· The UE capabilities and/or AS configuration messages are sent after the AS connection establishment.

3. Conclusion

In this paper, we firstly further analyze 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: A V2X UE may establish and manage multiple PC5-S connections simultaneously with the same peer UE for different unicast V2X services/applications. And the V2X UE could not identify whether some of the PC5-S connections are towards the same peer UE.
Observation 2: The logical channels of different PC5-S connections with the same peer UE cannot be multiplexed in one MAC PDU. It will reduce the sidelink resource efficiency.
Observation 3: Due to multiple PC5-S connections simultaneously used between the pair of unicast UEs, these two paired UEs should exchange the same information (e.g. capability, AS configuration, etc.) several times.
Observation 4: Due to multiple PC5-S connections simultaneously used between the pair of unicast UEs, the UE(s) may need to perform RLM/RLF for each PC5-S connections with the same peer UE.
Observation 5: If SA3 confirm the PC5-RRC messages need to be ciphered and integrity protected by AS layer security, only PC5-S connection establishment procedure is not enough. The AS-layer connection establishment procedure is needed.
Based on the above observations, we have the following proposal:
Proposal 1: AS layer connection setup procedure is necessary for sidelink unicast communication.
Moreover, we also discuss remaining open issues for NR SL unicast connection setup based on the agreements in the last meetings. The proposals are made as following.
Proposal 2: RAN2 should further study how to ensure there is only one AS connection between the unicast pair UEs.
Proposal 3: The UE capabilities and/or AS configuration messages are sent after the AS connection setup procedure.
Proposal 4: Confirm the working assumption that both bi-directional one-way procedure and two-way procedure for capability transfer are allowed.
Proposal 5: To combine the bi-directional one-way procedure and two-way procedure for capability transfer, introduce an indicator to indicate whether to enquire the peer UE’s capabilities.
Proposal 6: Suggest RAN2 to study the detail procedure for V2X unicast link connection based on the following assumptions:

· The AS layer connection is established after the PC5 Direct Communication Accept message;

· The UE capabilities and/or AS configuration messages are sent after the AS connection establishment.
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Appendix A: Layer-2 ID related in 23.287
******************************** TS 23.287 START ***********************************

TS 23.287 Section 5.1.2.1
Policy/parameters when NR PC5 is selected:

-
The mapping of service types (e.g. PSID or ITS-AIDs) to V2X frequencies with Geographical Area(s).

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSID or ITS-AIDs of the V2X application for broadcast.

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSID or ITS-AIDs of the V2X application for groupcast.

-
The mapping of default Destination Layer-2 ID(s) for initial signalling to establish unicast connection and the V2X services, e.g. PSID or ITS-AIDs of the V2X application.
TS 23.287 Section 5.2.1.4
Unicast mode of communication is only supported over NR-based PC5 reference point. Figure 5.2.1.4-1 illustrates an example of PC5 unicast links. 
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Figure 5.2.1.4-1: Example of PC5 Unicast Links
The following principles apply when the V2X communication is carried over PC5 unicast link:

-
A PC5 unicast link between two UEs allows V2X communication between one or more pairs of peer V2X services in these UEs. All V2X services in the UE using the same PC5 unicast link use the same Application Layer ID.

NOTE 1:
An Application Layer ID may change in time as described in clauses 5.6.1.1 and 6.3.3.2, due to privacy. This does not cause a re-establishment of a PC5 unicast link.

-
One PC5 unicast link supports one or more V2X services (e.g. PSIDs or ITS-AIDs) if these V2X services are at least associated with the pair of peer Application Layer IDs for this PC5 unicast link. For example, as illustrated in Figure 5.2.1.4-1, UE A and UE B have two PC5 unicast links, one between peer Application Layer ID 1/UE A and Application Layer ID 2/UE B and one between peer Application Layer ID 3/UE A and Application Layer entity ID 4/UE B. 

NOTE 2:
A source UE is not required to know whether different target Application Layer IDs over different PC5 unicast links belong to the same target UE.
TS 23.287 Section 5.6.1.4
The UE needs to maintain a mapping between the application layer identifiers and the source Layer-2 IDs used for the unicast links, as the V2X application layer does not use the Layer-2 IDs. This allows the change of source Layer-2 ID without interrupting the V2X applications.

When application layer identifiers changes, the source Layer-2 ID(s) of the unicast link(s) shall be changed if the link(s) was used for V2X communication with the changed application layer identifiers.

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.
******************************** TS 23.287 END ***********************************
Appendix B: LTE V2X UE capability in 36.306
******************************** TS 36.306 START ***********************************
TS 36.306 Section 4.3.21
4.3.21.12
zoneBasedPoolSelection-r14
This parameter indicates whether the UE supports zone based transmission resource pool selection for V2X sidelink communication.

4.3.21.13
v2x-HighReception-r14

This parameter indicates whether the UE supports reception of 20 PSCCH in a subframe and decoding of 136 RBs per subframe counting both PSCCH and PSSCH in a band for V2X sidelink communication.

4.3.21.14
v2x-eNB-Scheduled-r14

This parameter indicates whether the UE supports transmitting PSCCH/PSSCH using dynamic scheduling, SPS in eNB scheduled mode for V2X sidelink communication, reporting SPS assistance information and the UE supports maximum transmit power associated with Power class 3 V2X UE, see TS 36.101 [6] in a band.

4.3.21.15
ue-AutonomousWithFullSensing-r14

This parameter indicates whether the UE supports transmitting PSCCH/PSSCH using UE autonomous resource selection mode with full sensing (i.e., continuous channel monitoring) for V2X sidelink communication and the UE supports maximum transmit power associated with Power class 3 V2X UE, see TS 36.101 [6].

4.3.21.16
ue-AutonomousWithPartialSensing-r14

This parameters indicates whether the UE supports transmitting PSCCH/PSSCH using UE autonomous resource selection mode with partial sensing (i.e., channel monitoring in a limited set of subframes) for V2X sidelink communication and the UE supports maximum transmit power associated with Power class 3 V2X UE, see TS 36.101 [6].

4.3.21.17
slss-TxRx-r14

This parameter indicates whether the UE supports SLSS/PSBCH transmission and reception in UE autonomous resource selection mode and eNB scheduled mode for V2X sidelink communication.

4.3.21.18
sl-CongestionControl-r14

This parameter indicates whether the UE supports Channel Busy Ratio measurement and reporting of Channel Busy Ratio measurement to eNB for V2X sidelink communication.

4.3.21.19
v2x-TxWithShortResvInterval-r14

This parameter indicates whether the UE supports 20 ms and 50 ms resource reservation periods for UE autonomous resource selection and eNB scheduled resource allocation for V2X sidelink communication.

4.3.21.20
v2x-numberTxRxTiming-r14

This parameter indicates the number of multiple reference TX/RX timings counted over all the configured sidelink carriers for V2X sidelink communication.

4.3.21.21
v2x-nonAdjacentPSCCH-PSSCH-r14

This parameter indicates whether the UE supports transmission and reception in the configuration of non-adjacent PSCCH and PSSCH for V2X sidelink communication.

4.3.21.22
v2x-HighPower-r14

This parameter indicates whether the UE supports maximum transmit power associated with Power class 2 V2X UE for V2X sidelink transmission in a band, see TS 36.101 [6].

4.3.21.23
v2x-SupportedBandCombinationList-r14

This field indicates the bands on which the UE supports V2X sidelink communication, as defined in TS 23.285 [29] and specified in TS 36.331 [5]. If a UE supports V2X sidelink communication, the UE shall support a maximum number of 8 sidelink processes associated with the Sidelink HARQ Entity for the transmission of V2X sidelink communication on SL-SCH.

4.3.21.24
slss-SupportedTxFreq-r15

This parameter indicates whether the UE supports the SLSS transmission on single carrier or on multiple carriers in the case of sidelink carrier aggregation.

4.3.21.25
sl-64QAM-Tx-r15

This parameter indicates whether the UE supports 64QAM for the transmission of V2X sidelink communication.

4.3.21.26
sl-TxDiversity-r15

This parameter indicates whether the UE supports transmit diversity for V2X sidelink communication. See TS 36.101 [6].

4.3.21.27
v2x-EnhancedHighReception-r15

This parameter indicates whether the UE supports reception of 30 PSCCH in a subframe and decoding of 204 RBs per subframe counting both PSCCH and PSSCH in a band for V2X sidelink communication.

4.3.21.28
sl-64QAM-Rx-r15

This parameter indicates whether the UE supports 64QAM for the reception of V2X sidelink communication. It is mandatory to support 64QAM for the reception of V2X sidelink communication for UEs which are supporting Rel-15 V2X sidelink communication as specified in TS 36.331 [5].

4.3.21.29
sl-RateMatchingTBSScaling-r15

This parameter indicates whether the UE supports rate matching and TBS scaling of V2X sidelink communication. It is mandatory to support rate matching and TBS scaling of V2X sidelink communication for UEs which are supporting Rel-15 V2X sidelink communication as specified in TS 36.331 [5].

4.3.21.30
sl-LowT2min-r15

This parameter indicates whether the UE supports 10ms as minimum value of T2 for resource selection of V2X sidelink communication. It is mandatory to support 10ms as minimum value of T2 of V2X sidelink communication for UEs which are supporting Rel-15 V2X sidelink communication as specified in TS 36.331 [5].

4.3.21.31
v2x-SensingReportingMode3-r15
This parameter indicates whether the UE supports sensing measurements and reporting of measurement results in eNB scheduled mode for V2X sidelink communication.
******************************** TS 36.306 END ***********************************
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