3GPP TSG-RAN WG2 Meeting #103-Bis
R2-1815198
Chengdu, China, 08th – 12th October 2018

Agenda Item:
11.4.2.5
Source: 
Huawei, HiSilicon
Title: 
NR V2X SL protocol stack overview
Document for:
Discussion and Decision
1 Introduction
A new study item on NR V2X was approved at RAN#80, and one objective is to study sidelink L2/L3 protocols [1]:
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 protocol stack for NR V2X sidelink. We list all the supported protocols for sidelink in LTE D2D and LTE V2X, and discuss whether they are needed or can be reused for NR V2X sidelink.
2 Discussion
2.1 PC5-U
In LTE V2X, only sidelink communication is supported, and the user-plane protocol stack for sidelink communication (i.e. PC5-U) has been defined in TS 36.300 [2], which includes PDCP, RLC, MAC and PHY layers and is basically inherited from LTE D2D sidelink communication with some changes, e.g. D2D related security mechanism is not used in PDCP layer, modifications on MAC layer to support LTE V2X mode3 and mode4.
The protocol stack of PC5-U in LTE is as shown in Figure 1.
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Figure 1: User-Plane protocol stack for LTE sidelink communication

Observation 1: PC5-U is supported in LTE V2X for sidelink data transmission.
For NR V2X, at least sidelink communication need to be supported to enable communication between proximity UEs, so PC5-U is obviously needed. 
Like LTE PC5-U, NR PC5-U also should support the following layers:

· PHY: the functionalities in LTE V2X can be regarded as baseline, e.g. supporting PSCCH and PSSCH, etc
· MAC: the functionalities in LTE V2X can be regarded as baseline, e.g. Logical Channel prioritisation, radio resource selection for SL, etc
· RLC: the functionalities in LTE V2X can be regarded as baseline, e.g. transfer of upper layer PDUs, segmentation and reassembly of RLC SDUs, etc
· PDCP: the functionalities in LTE V2X can be regarded as baseline, e.g. header compression and decompression of IP data flows, ciphering and deciphering of user plane data, etc
The functionalities for each layer above in NR sidelink have also been discussed in our companion contribution [3], so, in our understanding, the layers listed above are necessary for NR PC5-U.

Besides this, a new layer SDAP which is mainly used for QoS handling (e.g. QFI to DRB mapping) is introduced in NR Uu. In our company’s contribution [4], we have analysed the QoS requirements for NR V2X, and the advantages of utilizing unified QoS. To satisfy the requirements for different services, network configured (for in-coverage UEs) or pre-configured (for out-of-coverage UEs) sidelink radio bearer and sidelink logical channel are proposed. Correspondingly, SDAP layer is needed to perform the mapping from SL QFI to SL RBs.
Considering the aspects mentioned above, PC5-U need to be introduced to support NR V2X sidelink communication, and the Access Stratum protocol stack for user-plane in the NR PC5 interface consists of SDAP, PDCP, RLC, MAC and PHY as shown in Figure 2.
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Figure 2: User-Plane protocol stack for NR sidelink communication
Proposal 1: Agree on PC5-U protocol stack structure, i.e. the Access Stratum protocol stack for user-plane in the NR PC5 interface consists of SDAP, PDCP, RLC, MAC and PHY.
2.2 PC5-C
In LTE V2X, PC5-C is supported to transmit the sidelink system and synchronization related information, and consists of RRC, RLC, MAC and PHY, the protocol stack of PC5-C is shown in Figure 3.
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Figure 3: Control-Plane protocol stack for SBCCH
Observation 2: PC5-C is supported in LTE V2X to carry the system and synchronization related information.
For NR V2X, PC5-C maybe reused only to carry the sidelink system and synchronization related information as in LTE, and RLC TM mode should be used and the PDCP integrity protection and ciphering are not needed, so the Access Stratum protocol stack for control-plane in the PC5 interface consists of RRC, RLC, MAC and PHY.
Proposal 2: Agree on PC5-C protocol stack structure, i.e. the Access Stratum protocol stack for control-plane in the PC5 interface consists of RRC, RLC, MAC and PHY.
2.3 PC5-D/PC5-S
In LTE D2D, PC5-D is supported to transmit the discovery information, which includes PHY, MAC and ProSe protocol defined by upper layer, and PC5-S is used for establishing, maintaining and releasing the logical connection for one-to-one communication, which include PHY, MAC, RLC and PDCP in RAN side, and PC5 Signalling protocol defined in upper layer.
Observation 3: PC5-D is supported only in LTE D2D for discovery, and PC5-S is supported only in LTE D2D for one-to-one connection establishment and maintenance.
Unlike LTE V2X only supporting broadcast use cases, unicast and groupcast communication also need to be supported for some advanced use cases in NR [5].  To support unicast and groupcast communication, the discovery procedure and related messages are needed to find the interested UEs or groups before the one-to-one connection establishment or group joining, and the discovery signalling can be transmitted at RAN layer or upper layer (e.g. NAS or APP layer). In LTE D2D, PC5-D and PC5-S are defined by upper layers (e.g. SA2), and as analysed in our company’s contribution [6], we also think the same assumption can be reused, which means that PC5-D and PC5-S should be defined by upper layer.  
Proposal 3: Whether introducing PC5-D and PC5-S are up to upper layers.
3 Conclusion
In this paper, we have discussed the necessity of NR SL protocol stacks, including PC5-U, PC5-C, PC5-D, and PC5-S, and have the following observations. 
Observation 1: PC5-U is supported in LTE V2X for sidelink data transmission.
Observation 2: PC5-C is supported in LTE V2X to carry the system and synchronization related information.
Observation 3: PC5-D is supported only in LTE D2D for discovery, and PC5-S is supported only in LTE D2D for one-to-one connection establishment and maintenance.
So, we propose that:
Proposal 1: Agree on PC5-U protocol stack structure, i.e. the Access Stratum protocol stack for user-plane in the NR PC5 interface consists of SDAP, PDCP, RLC, MAC and PHY.
Proposal 2: Agree on PC5-C protocol stack structure, i.e. the Access Stratum protocol stack for control-plane in the PC5 interface consists of RRC, RLC, MAC and PHY.
Proposal 3: Whether introducing PC5-D and PC5-S are up to upper layers.
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Figure x.x.1-1 shows the protocol stack for the user plane, where SDAP, PDCP, RLC and MAC sublayers (terminate at the other UE) perform the functions listed for the user plane in subclause 6.
The Access Stratum protocol stack in the PC5 interface consists of SDAP, PDCP, RLC, MAC and PHY as shown below in Figure x.x.1-1.
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Figure x.x.1-1: User-Plane protocol stack for sidelink communication

x.x.2
Control plane

The Access Stratum protocol stack for SBCCH in the PC5 interface consists of RRC, RLC, MAC and PHY as shown below in Figure x.x.2-1.
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Figure x.x.2-1: Control-Plane protocol stack for SBCCH
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