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1 Introduction
In RAN#80, a new study item on NR V2X was approved [1]. Among others, one objective of the study item is to study sidelink L2/L3 protocols: 
1: Sidelink design [RAN1, RAN2]:

· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study sidelink L2/L3 protocols
In this paper, we will discuss the general aspects of protocol stacks for NR V2X sidelink, including both control plane (CP) and user plane (UP). 
2 Discussion 

2.1 NR sidelink user plane protocol stack

In LTE V2X only sidelink data communication is supported, the user-plane protocol stack for sidelink data communication (i.e. PC5-U) includes PDCP, RLC, MAC and PHY layers and is basically inherited from LTE D2D sidelink communication [2] with some changes, e.g. modifications on MAC layer to support LTE V2X mode3 and mode4. When it comes to which layers NR PC5-U protocol stack, it is straightforward to assume similar to LTE, it is also made up of PDCP, RLC, MAC, and PHY.
Proposal 1 NR PC-U protocol stack consists at least of PDCP, RLC, MAC, PHY layers.

A key difference between LTE and NR sidelink is that NR is required to support advanced V2X use cases which has much higher performance requirements such as latency, reliability and data rate, etc. which call for enhanced sidelink QoS framework. In LTE V2X, PPPP is introduced for sidelink transmission which basically reflects a relative priority and cannot guarantee absolute QoS performance. To solve this a new sidelink SDAP layer can be introduced for QoS handling, e.g. map QFI to sidelink DRB, together with PDCP to monitor whether required QoS is satisfied and reconfigure the QFI to sidelink DRB mapping if needed. One additional benefit is that the QoS framework of Uu and sidelink is more unified. 

Figure 1 shows PC5-U protocol stacks for NR V2X sidelink. The details of MAC. RLC and PDCP will be discussed in our companion papers.
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Observation 1 PC5-U is used in LTE V2X for sidelink data transmission.
Observation 2 PPPP used in LTE V2X cannot guarantee absolute QoS required by advanced V2X services. 

Proposal 2 RAN2 considers to introduce SDAP in PC5-U for NR V2X sidelink, for a better QoS handling and a more unified QoS framework to NR Uu. 

2.2 NR sidelink control plane protocol stack 

In LTE V2X only broadcast is supported, this however may not be able to provide the required performance of some advanced V2X use cases. In RAN2 #103bis it was agreed that for NR V2X sidelink unicast, groupcast, and broadcast should all be supported for in-coverage, out-of-coverage, and also partial coverage scenarios. 
Observation 3 Unicast, groupcast, and broadcast need to be supported for NR V2X sidelink. 

To support unicast and groupcast transmission modes, discovery and connection establishment are needed. In LTE D2D, PC5-D is used to transmit discovery information, which includes PHY, MAC and ProSe protocol [2]. In PHY layer, discovery information is periodically transmitted on PSDCH in dedicated resource pools, which is inefficient; TM is adopted in MAC layer thus we can only have a fixed MAC SDU size for discovery message, which is quite inflexible. Considering this we propose to reuse PC5-U for transmitting discovery in NR V2X where discovery is performed at upper layer and treated as a specific traffic at lower layer. This is aligned with the ongoing discussion in SA group where discovery is performed at V2X application enabler (VAE) layer [3]. The discovery message can be transmitted per PSSCH in the resource pools shared with other V2X (data) traffic by which the resource utilization efficiency can be improved. 
Observation 4 PC5-D used for LTE sidelink discovery is not efficient and flexible. 

Proposal 3 Using PC5-U for transmitting discovery message in NR V2X. 
Besides, different UEs may have different sidelink radio capabilities (e.g. MIMO, multi-carrier/RAT capabilities) and local radio conditions (e.g. interference level) which may need to be known by UE pairs before establishing a unicast/groupcast connection. Even though the need of exchanging such information over sidelink as an AS control signalling is still under discussion in RAN2, it can be discussed which protocol looks more suitable to convey possible AS control signalling.. 
PC5-S introduced in LTE D2D can be reused for this purpose, as shown in figure 2. In LTE D2D PC5-S is used to transmit NAS layer signalling such as PC5 connection establishment and is invisible to AS layer, but it should not be hard to extend it to also transmit AS layer signalling, just like in Uu SRB is used to transmit both AS and NAS layer signalling. 
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                  Figure 2. Control-Plane protocol stack for NR sidelink NAS/AS signalling

Observation 5 Informing some AS layer info such as sidelink radio capabilities and local radio conditions can improve sidelink unicast and groupcast performance. 
Proposal 4 RAN2 considers using PC5-S to transmit both AS layer and NAS layer signalling. 

Sidelink MIB is transmitted by a UE transmitting SLSS, i.e. acting as synchronization reference and includes the basic information needed to receive the sidelink transmission. In LTE V2X, PC5-C (shown in figure 3) is used to transmit sidelink MIB, where TM is used in RLC and MAC. In NR V2X PC5-C can be reused to transmit NR sidelink MIB with some potential enhancements in PHY layer. 
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                   Figure 3. Control-Plane protocol stack for NR sidelink MIB 

Observation 6 In LTE V2X PC5-C is used to transmit sidelink MIB. 

Proposal 5 Reuse PC5-C to transmit NR V2X sidelink MIB with some potential enhancements in PHY layer.
It is proposed to agree the Text Proposal in the Annex. 

Proposal 6 Agree the Text proposal in the Annex. 
3 Conclusion

In section 2 we made the following observations:

Observation 1
PC5-U is used in LTE V2X for sidelink data transmission.
Observation 2
PPPP used in LTE V2X cannot guarantee absolute QoS required by advanced V2X services.
Observation 3
Unicast, groupcast, and broadcast need to be supported for NR V2X sidelink.
Observation 4
PC5-D used for LTE sidelink discovery is not efficient and flexible.
Observation 5
Informing some AS layer info such as sidelink radio capabilities and local radio conditions can improve sidelink unicast and groupcast performance.
Observation 6
In LTE V2X PC5-C is used to transmit sidelink MIB.


Based on the discussion in section 2 we propose the following:

Proposal 1
NR PC-U protocol stack consists at least of PDCP, RLC, MAC, PHY layers.
Proposal 2
RAN2 considers to introduce SDAP in PC5-U for NR V2X sidelink, for a better QoS handling and a more unified QoS framework to NR Uu.
Proposal 3
Using PC5-U for transmitting discovery message in NR V2X.
Proposal 4
RAN2 considers using PC5-S to transmit both AS layer and NAS layer signalling.
Proposal 5
Reuse PC5-C to transmit NR V2X sidelink MIB with some potential enhancements in PHY layer.
Proposal 6
Agree the Text proposal in the Annex.
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5 Annex – Text Proposal for 38.885 
5.1.4
L2/L3 protocols
5.1.4.X Overview of SL Protocol Stack
PC-U consists of PDCP, RLC, MAC, PHY layers as baseline. RAN2 studies the possibility to introduce the SDAP layer for QoS handling, e.g. to map incoming sidelink QoS flows into sidelink radio bearers.
Discovery messages and data messages are transmitted over the PC5-U and conveyed in the PSSCH. 

In case AS control signaling is supported, e.g. to exchange radio capabilities and configurations, PC5-S can be used. PC5-S is also used to transmit NAS layer signaling if defined by other working groups. 

To transmit NR V2X sidelink MIB, PC5-C can be reused. 
Figure � SEQ Figure \* ARABIC �1�. User-Plane protocol stack for NR sidelink communication
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