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1 Introduction

In the RAN2#105 meeting, it was agreed that
Agreements on V2X unicast:
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.
In this contribution, we discuss the left issues on PC5-RRC for unicast SL.
2 Discussion
2.1 Issue-1: PC5-S vs. PC5-RRC

2.1.1 Functionality split between PC5-S and PC5-RRC

Compare PC5 interface and Uu interface, one can observe the following similarity:

· PC5-S for PC5 and NAS for Uu: Both are used for NAS-like procedure, including IP address configuration, and QoS flow establishment / modification / removal;

· PC5-RRC for PC5 and Uu: Both are used for AS-like procedure, including flow-to-bearer mapping, bearer configuration;

Therefore, it would be beneficial that before RAN2 dig into the related details, discuss and agree on the key criteria for functionality split between PC5-S and PC5-RRC.

Proposal 1 RAN2 discuss the criteria of functionality split between PC5-S and PC5-RRC, and try to agree on QoS flow management by PC5-S and bearer management by PC5-RRC.
2.1.2 How to carry the PC5-S message

Looking at Uu interface, there are two ways to carry NAS message:

A. One is to piggyback on existing RRC procedure, e.g.,  

a) RRCSetupComplete / RRCResumeComplete: used to carry attach request, or service request;
b) RRCReconfiguration: used to carry attach accept;

B. The other is to define a dedicated RRC procedure, i.e., DL/ULInformationTransfer
Observation 1 For Uu interface, NAS signalling can be piggyback on RRC message or sent on its own in DL/ULInformationTransfer message

For sidelink, B is needed to cover all cases where the PC5-S message is to be triggered by its own. Besides this alternative, from another perspective, LTE ProSe already assigns dedicated LCH to carry PC5-S directly, as follows. Considering even in Uu interface, SRB2 is only used for NAS message, so it is possible to adopt a dedicated sidelink SRB for NAS message carried directly on AS-layer without RRC container. So in short:

1. To design a new RRC procedure to carry PC5-S signalling, e.g., SLInformationTransfer;

2. To reuse the legacy ProSe method, i.e., PC5-S signalling can be sent without RRC;

Table 6.2.4-1 Values of LCID for SL-SCH

	Index
	LCID values

	00000
	Reserved

	00001-01010
	Identity of the logical channel

	01011-10100
	Identity of the logical channel which is used for duplication

	10101-11011
	Reserved

	11100
	PC5-S messages that are not protected

	11101
	PC5-S messages "Direct Security Mode Command" and "Direct Security Mode Complete"

	11110
	Other PC5-S messages that are protected

	11111
	Padding


Observation 2 In ProSe, PC5-S can be sent directly on a dedicated LCH without RRC layer.

Alternative 1 allows the PC5-S message and PC5-C message shares the same LCH, so that is more flexible. For case-A above, it can be defined only if the detailed PC5-S and PC5-RRC procedure has been defined, and the piggyback case is clearly defined. Since it is more an optimization if compared to case-B.

Proposal 2 RAN2 discuss whether PC5-S message and PC5-RRC message can share the same LCH.
Proposal 3 If RAN2 agree to allow PC5-S/RRC sharing LCH, define PC5-RRC message to carry PC5-S message only, e.g., SLInformationTransfer. FFS if any other PC5-RRC message needs to piggyback PC5-NAS messages.

2.2 Issue-2: Triggering conditions for PC5-RRC procedure

For this issue, we discuss the two procedure separately.

2.2.1 Capability transfer
Firstly, the size of capability signalling is always an issue to take serious consideration, as we learned from Uu interface. Therefore, the capability transfer procedure should be future proof enough, in order to avoid signalling overhead issue. In light of this, the procedure design in Uu, i.e., UE report capability based on network enquiry is flexible in a way that:

· It is on-demand, i.e., when the other node has already stored the capability information, the capability transfer is not needed.

· It is pre-filtered, i.e., even if capability transfer is needed, some pre-filtering can be done by the enquiry message.

Observation 3 Enquiry-based capability transfer procedure for Uu interface helps to reduce signalling overhead.

Considering this, the proposal that capability information is piggyback on direct communication request is challenging, which would cause signalling overhead increase. The overhead increase would be later transformed to interference increase and even resource congestion. In that case, it would further increase the connection establishment latency.

Observation 4 Without enquiry message, capability transfer together with PC5-S direct communication request message would cause concern on signalling overhead and resource consumption.

Therefore, a Uu-like enquiry based procedure is preferred, and it would be very flexible, in a way that it is up to the UE implementation when / how to trigger the capability transfer from the peer UE. For example, one can even save the capability transfer, if the UE decides to rely on the default configuration which is absolutely supported by mandatory UE capability.

Proposal 4 For unicast SL, apply the enquiry based capability transfer procedure to PC5-RRC, and up to UE implementation on when to trigger the UE capability enquiry message.
2.2.2 AS-layer configuration
Looking at the reconfiguration procedure for Uu interface, 

5.3.5.2
Initiation

The Network may initiate the RRC reconfiguration procedure to a UE in RRC_CONNECTED. The Network applies the procedure as follows:

-
the establishment of RBs (other than SRB1, that is established during RRC connection establishment) is performed only when AS security has been activated;

-
the addition of Secondary Cell Group and SCells is performed only when AS security has been activated;
<Text Removed>

It is obvious that the reconfiguration acts at a boundary that before this procedure, only SRB0/1 can be used, yet after this procedure, SRB2 and DRB can be used as well. 

Observation 5 For Uu interface, RRCReconfiguration message is used to establish SRB2/DRB.

Similarly, for sidelink, the AS-layer configuration can be used to provide dedicated configuration for SLRB. In other words, 

· Before this procedure, the two UEs communicates via sidelink SRB based on default setting, i.e., the setting to be supported as mandatory capability;

· After this procedure, the two UE communicates via sidelink SRB / DRB based on dedicated setting, i.e., considering the optional capability supported by two UEs;

Proposal 5 For unicast SL, the AS-layer configuration procedure is used to establish dedicated sidelink SRB / DRB.

Furthermore, according to TR 23.786,

UEs engaged in one to one communication negotiate PC5 QoS parameters during the link establishment procedure.
1.
UE-1 sends a Direct Communication Request message to UE-2 in order to trigger mutual authentication. This message includes the requested PC5 QoS parameters.
2.
UE-2 initiates the procedure for mutual authentication. The UE-2 includes the accepted PC5 QoS parameters in the Response message.

I.e., the PC5-S procedure, e.g., the direct communication request / accept can be used to exchange the QoS parameter, e.g., VQI/PQI, and only after that is exchange, the two UEs can derive the AS layer configuration correspondingly.

Proposal 6 For unicast SL, the AS-layer configuration procedure is triggered after QoS parameter exchange procedure via PC5-S signalling.
Furthermore, there is some dependence with the security part:

	MeasurementReport
	-
	-
	-
	Measurement configuration may be sent prior to security activation. But: In order to protect privacy of UEs, MeasurementReport is only sent from the UE after successful security activation.

	RRCReconfiguration
	+
	-
	-
	The message shall not be sent unprotected before security activation if it is used to perform handover or to establish SRB2 and DRBs

	RRCReconfigurationComplete
	+
	-
	-
	Unprotected, if sent as response to RRCReconfiguration which was sent before security activation


Similarly, the security concern also holds for sidelink, i.e., at least when it is used to establish dedicated sidelink SRB/DRB.

Proposal 7 For unicast SL, the AS-layer configuration cannot be sent unprotected before security activation if it is used to establish dedicated sidelink SRB/DRB.

Furthermore, for RRC connected UE, it has been agreed that network would send out AS-layer configuration after UE report on the QFI, as captured in the TR:

Then, when packet(s) arrive, the UE can first derive the identifier of the associated PC5 QoS flow(s) (i.e. PC5 QFI) based on the PC5 QoS rules configured in Step 0, and may then report the derived PC5 QFI(s) to the gNB/ng-eNB in Step 3. The gNB/ng-eNB can derive the QoS profile(s) of these reported PC5 QFI(s) based on the provisioning from 5GC in Step 0, and may signal the configurations of the SLRB(s) associated with the PC5 QFI(s) UE reported via RRC dedicated signalling in Step 4.
After this step, the UE can know which bearer(s) is needed, and what parameter to use. Therefore, the AS-layer configuration on sidelink can only happen after network send out the AS-layer configuration on downlink.

Proposal 8 For unicast SL, if the UE is in RRC_CONNECTED state, the AS-layer configuration cannot be sent before receiving AS-layer configuration from network.

For configuration failure, to avoid further configuration attempt, it should allow counter-part UE to recommend preferred configuration.
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Figure 1 Sidelink AS-layer configuration (failure case)
Proposal 9 For unicast SL, in the failure case of AS-layer configuration, the configured UE can report failure to the configuring UE.
2.3 Issue-3: Parallel unicast links 
2.3.1 Necessity of parallel unicast links
According to the SA progress as captured in TS 23.287:

5.6.1.4
Identifiers for unicast mode V2X communication over PC5 reference point
<Text Removed>

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. 

Which means that there is a one-to-one mapping between APP-layer ID and Layer-2 ID.

Observation 6 According to SA2, there is a one-to-one mapping between APP-layer ID and Layer-2 ID.
The first issue is the necessity of the parallel unicast links, which is motivated due to following reasons:
· The change of APP-layer ID is necessary due to privacy requirement of V2X, e.g., according to TS 33.185
Privacy may be supported at the application layer by employing identifiers and credentials that are not linked to long-term UE or user identifiers. These credentials would be refreshed periodically. The change of application layer identities and credentials for using the V2X service is out of scope in 3GPP.
Thus the independent pairs of L2 ID and APP-layer ID helps to avoid the interruption of all applications if there is only one application changing APP-layer ID.
· According to the privacy requirement for V2X, e.g., according to TS 33.185
The identifiers in the V2X messages should minimize the risk of leaking the UE or user permanent identities.

UE pseudonymity should be provided to conceal personal data from attackers.

The application layer UE identity in the V2X messages should be protected from eavesdropping. 
I.e., the UE may intentionally avoid bundle different APP-layer ID to a sane L2 ID for security reason. Or from another angle, if a UE implements in a way that two L2 ID is used for two APP-layer ID separately, it can be hidden from specification.
Observation 7 Parallel unicast SL based on one-to-one APP-ID and L2-ID is necessary due to privacy reasons, and is helpful to minimize service interruption.
2.3.2 Bi-directional or uni-directional procedure
A second related issue is, whether we use bi-directional procedure or uni-directional procedure
 for the parallel links, where
A. Uni-directional procedure: 

a) UE-B sends capability to UE-A, and UE-A configures UE-B;

B. Bi-directional procedure: 

a) UE-B sends capability to UE-A, and UE-A configures UE-B, 

b) also UE-A sends capability to UE-B, and UE-B configures UE-A;

Observation 8 One issue for PC5-RRC design of SL unicast is whether we adopt 1) unicast-directional procedure (i.e., a single UE receives capability information and configures the AS-layer procedure for another UE); 2) bi-directional procedure (i.e., both UEs can receives capability information and configures the AS-layer procedure for counterpart UE).

According to the RAN2#105 meeting, the progress on QoS for SL unicast is as follows:

For NR SL unicast, the PC5 QoS flow to SLRB mapping is performed in the SDAP layer of the UE. Some SLRB configurations (including at least SN length, RLC mode and PC5 QoS profile associated with each SLRB) for unicast need to be informed by one UE to the peer UE in SL, when they are (pre-)configured at the UE.
Which means that for bi-directional procedure, it might be the case that both UEs would configure the peer UE w.r.t. the parameters that needs to aligned between TX-UE and RX-UE. The following table is an effort to identify the possible cases of the “configuration collision” in case of bi-directional procedure (here we only consider TX-and-RX related parameter, i.e., parameters which should be aligned between the two UEs)

· Red block means there might be collision of setting, i.e., two UEs may configure different values of a same parameter;

· Green block means there is no setting collision, i.e., one parameter is only set by one UE;
	
	SDAP
	PDCP
	RLC
	MAC
	PHY

	For QoS flows using the same APP-layer ID, i.e., same L2 ID
	No collision,

Two UEs can decide independently, which flow to put into which bearer, only from TX perspective
	Possible collision,

Two UEs may configure the PDCP parameters in different ways.
	Possible collision,

Two UEs may configure the RLC parameters in different ways.
	Possible collision,

Two UEs may configure the MAC parameters in different ways.
	Possible collision,

Two UEs may configure the PHY parameters in different ways.

	For QoS flows using different APP-layer ID, i.e., different L2 ID
	No collision,

Since the two flows should target at different bearers using different L2 ID
	No collision,

Since the two flows should target at different bearers using different L2 ID
	No collision,

Since the two flows should target at different bearers using different L2 ID
	No collision,

Since the two flows should target at different bearers using different L2 ID
	Possible collision,

Two UEs may configure the PHY parameters in different ways.


The reason that different APP-layer ID would ensure separated bearers are shown as follows, i.e., if different L2 ID is used, the RLC/PDCP/SDAP entity on top of that would be separated as a result.
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Figure 2 The flow / bearer / MAC / PHY entity relationship for UE in unicast SL

Observation 9 Using bi-directional procedure, the configuration collision can be minimized to PHY level if that is used only for QoS flows of different APP-layer ID, otherwise, if it is used for QoS flows of same APP-layer ID, the collision may happen for PDCP/RLC/MAC/PHY layer.
On the one hand, although uni-directional configuration is helpful to minimize the collision, it may not be always feasible, e.g.
· Initially, UE-A establish a unicast link with UE-B using APP-layer ID X, i.e., UE-A is identified as X;

· Later, UE-B establish a unicast link with UE-A using APP-layer ID Y, i.e., UE-A is identified as Y;

According to the SA2 conclusion, the two identifier X/Y would be translated into two different Layer-2 ID x/y, i.e., there is no way for the UE-B to know they are for the same UE-A physically, and thus bi-directional procedure cannot be avoided, just like UE-B establish a unicast link with another UE-C.

Observation 10 If different APP-layer ID is used, bi-directional procedure cannot be avoided.
Therefore, collision minimization is meaningful only in case of same APP-layer ID – otherwise, bi-directional procedure can be used.

Proposal 10 For PC5-RRC of unicast SL, adopt uni-directional procedure for peer UE of same APP-layer ID (i.e., a single UE receives capability information and configures the AS-layer procedure for another UE), but allow bi-directional procedure for peer UE of different APP-layer ID (i.e., both UEs can receives capability information and configures the AS-layer procedure for counterpart UE).

2.4 An overview of PC5-S/PC5-RRC link management procedure
The following figure gives an overview of PC5-S and PC5-RRC link management procedure
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Figure 3 An example of SL unicast link establishment procedure

The detailed steps are as follows:
· Step-0: PC5-S signalling of Direct communication request, including QoS parameter for the flows requested by UE1;

· Step-1: Uu RRC signalling of SidelinkUEInformation and RRCReconfiguration, in order to acquire the NW configuration of SLRB for UE2.

· Step-2: PC5-S signalling of Direct communication accept, including QoS parameters for the flows that can be accepted by UE2’

· Step-3: Uu RRC signalling of SidelinkUEInformation and RRCReconfiguration, in order to acquire the NW configuration of SLRB for UE1;

· Step-4: PC5 RRC signalling of Capability Transfer;

· Step-5: PC5 RRC signalling of AS configuration;

Furthermore, as discussed for bi-directional procedure, UE2 can trigger the whole procedure for another traffic, which is omitted here for brevity.
3 Conclusion
Based on the discussion in section 2, we observe

Observation 1
For Uu interface, NAS signalling can be piggyback on RRC message or sent on its own in DL/ULInformationTransfer message
Observation 2
In ProSe, PC5-S can be sent directly on a dedicated LCH without RRC layer.
Observation 3
Enquiry-based capability transfer procedure for Uu interface helps to reduce signalling overhead.
Observation 4
Without enquiry message, capability transfer together with PC5-S direct communication request message would cause concern on signalling overhead and resource consumption.
Observation 5
For Uu interface, RRCReconfiguration message is used to establish SRB2/DRB.
Observation 6
According to SA2, there is a one-to-one mapping between APP-layer ID and Layer-2 ID.
Observation 7
Parallel unicast SL based on one-to-one APP-ID and L2-ID is necessary due to privacy reasons, and is helpful to minimize service interruption.
Observation 8
One issue for PC5-RRC design of SL unicast is whether we adopt 1) unicast-directional procedure (i.e., a single UE receives capability information and configures the AS-layer procedure for another UE); 2) bi-directional procedure (i.e., both UEs can receives capability information and configures the AS-layer procedure for counterpart UE).
Observation 9
Using bi-directional procedure, the configuration collision can be minimized to PHY level if that is used only for QoS flows of different APP-layer ID, otherwise, if it is used for QoS flows of same APP-layer ID, the collision may happen for PDCP/RLC/MAC/PHY layer.
Observation 10
If different APP-layer ID is used, bi-directional procedure cannot be avoided.


And thus we propose:
Proposal 1
RAN2 discuss the criteria of functionality split between PC5-S and PC5-RRC, and try to agree on QoS flow management by PC5-S and bearer management by PC5-RRC.
Proposal 2
RAN2 discuss whether PC5-S message and PC5-RRC message can share the same LCH.
Proposal 3
If RAN2 agree to allow PC5-S/RRC sharing LCH, define PC5-RRC message to carry PC5-S message only, e.g., SLInformationTransfer. FFS if any other PC5-RRC message needs to piggyback PC5-NAS messages.
Proposal 4
For unicast SL, apply the enquiry based capability transfer procedure to PC5-RRC, and up to UE implementation on when to trigger the UE capability enquiry message.
Proposal 5
For unicast SL, the AS-layer configuration procedure is used to establish dedicated sidelink SRB / DRB.
Proposal 6
For unicast SL, the AS-layer configuration procedure is triggered after QoS parameter exchange procedure via PC5-S signalling.
Proposal 7
For unicast SL, the AS-layer configuration cannot be sent unprotected before security activation if it is used to establish dedicated sidelink SRB/DRB.
Proposal 8
For unicast SL, if the UE is in RRC_CONNECTED state, the AS-layer configuration cannot be sent before receiving AS-layer configuration from network.
Proposal 9
For unicast SL, in the failure case of AS-layer configuration, the configured UE can report failure to the configuring UE.
Proposal 10
For PC5-RRC of unicast SL, adopt uni-directional procedure for peer UE of same APP-layer ID (i.e., a single UE receives capability information and configures the AS-layer procedure for another UE), but allow bi-directional procedure for peer UE of different APP-layer ID (i.e., both UEs can receives capability information and configures the AS-layer procedure for counterpart UE).
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� In the examples, the possible enquiry message for capability transfer and acknowledge information for AS-layer configuration is saved for brevity.
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