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1. Introduction
At RAN#81, a new SI for NR V2X was approved [1]. It is targeted to study NR V2X system which is expected to have a flexible design in support of services with low latency and high reliability requirements.  NR system also expects to have a higher system capacity and better coverage. The SI description includes, as one objective, the study of technical solutions for sidelink L2/L3 protocols which are key aspects of RAN2 study. In this contribution, we discuss the L2 user plane protocol stack.
2. Discussion
According to 36.300 and 38.300, the corresponding protocol stacks in LTE PC5 interface and NR Uu interface given from user plane as shown in Figure 1 and Figure 2. One the one hand, to minimize the UE complexity and maximize consistent design principles with LTE PC5, the protocol stack in NR PC5 interface may consider enhancement based on the existing LTE PC5 user plane. On the other hand, in order to support the advanced V2X service, RAN1 has agreed to study some the physical layer fundamentally [2] different mechanisms to support sidelink unicast and groupcast communication, for example, HARQ feedback, CSI acquisition and link adaption. From our understanding, if the above enhancements are introduced in NR sidelink, the AS layer operation would turn out to be connection-oriented and has more characteristics like Uu link. From this point of view, NR Uu user plane protocol stack can also be considered.

[image: image1.emf]UE B

PHY

UEA

PHY

MAC

RLC

MAC

PDCP PDCP

RLC

PC5-U

  
Figure 1: User-Plane protocol stack for sidelink communication
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Figure 2: User Plane Protocol Stack in NR Uu 
Observation 1: For NR PC 5 L2 protocol design, both existing LTE PC5 and NR Uu protocol design principles should be taken into account.
In the next section, we will discuss the required protocol functions in each layer for NR V2X services.
2.1 The required protocol functions in each layer of L2 protocol
1) SDAP
In LTE V2X, only two QoS-related parameters per packet, namely PPPP (ProSe Per Packet Priority) and, optionally, PPPR (ProSe Per Packet Reliability) are specified. PPPP reflects both priority and latency/packet delay budget. While for NR V2X, more dimensions of QoS are needed, i.e., payload, data rate, maximum end-to-end latency, transmission rate, reliability, and minimum required communication range. The existing PPPP/PPPR mechanism is not sufficient to support the QoS differentiation. A potential enhancement is to use 5QI for eV2X communication over PC5 interface. This also allows a unified QoS model for eV2X services over different links. The SDAP sublayer for NR Uu should be further studied for consideration on NR PC5.
The SDAP sublayer for NR Uu supports the following functions:

-
transfer of user plane data
-
mapping between a QoS flow and a DRB for both DL and UL
-
marking QoS flow ID in both DL and UL packets
-
reflective QoS flow to DRB mapping for the UL SDAP data PDUs
For sidelink unicast and groupcast, the QoS model may be based on the QoS flow concept rather than on per-packet QoS parameters. Therefore, we think the first three SDAP functions may need to be specified in NR PC5 L2 protocol. The function of reflective QoS flow to DRB mapping for the UL SDAP data PDUs which is introduced in NR Uu, it works like this, a QoS flow to DRB mapping scheme where a UE monitors the QoS flow to DRB mapping rule in the DL, and applies it to the UL. There are not concepts of UL and DL, the sidelink TX UE and the sidelink RX UE are probably responsible for its own QoS flow mapping rule to the peer UE. From this perspective, this reflective QoS function may not be necessary to NR PC5.
Proposal 1: The SDAP sublayer functions as following would be needed in NR PC5. 
-
transfer of user plane data

-
mapping between a QoS flow and a DRB for NR V2X messages over NR PC5
-
marking QoS flow ID for NR V2X messages over NR PC5
2) PDCP 

In LTE PC5, PDCP sublayer supports Header-compression/decompression and security (input from SA3). In LTE eV2X, a number of functions (i.e. PDCP duplication transmission, PDCP re-ordering, out-of-order delivery and duplicate discarding) were introduced. In NR PC5, the above functions would also be needed. It is noteworthy that NR newly introduced out-of-order delivery to achieve low latency. 
Proposal 2: The PDCP sublayer functions as following would be needed in NR PC5. 

-
Header-compression/decompression
-
PDCP duplication transmission, PDCP re-ordering, out-of-order delivery duplicate discarding and out-of-order delivery
-
security (details based on SA3 input)
3) RLC

In NR, RLC provides the following operation modes:
-
Transparent Mode (TM)
-
Unacknowledged Mode (UM)
-
Acknowledged Mode (AM)
NR V2X supports sidelink unicast, sidelink groupcast and sidelink broadcast. From our understanding, for sidelink broadcast communication, RLC UM mechanism can be kept.  For sidelink unicast and groupcast, RAN1 has agreed to study the HARQ feedback and CSI acquisition as mentioned earlier. In addition, the advanced V2X services require stringent performance requirements, including up to 99.999% reliability. If only relying on lower (MAC, PHY), the requirement might be not met. Thus, comparing with LTE PC5 with RLC UM, it is desirable to use RLC AM. After using RLC AM, the relevant functions including ARQ, duplicate detection, RLC SDU discard, protocol error detection would be needed. As for segmentation and reassembly of RLC SDUs and re-segmentation of RLC SDU segments, these two functions would also be supported considering NR V2X messages have variable RLC PDU sizes and larger payload, which leads to a mismatch between TB and NR V2X messages. In LTE PC5, RLC TM is mainly applied to the fixed size discovery message transmission. This may also apply to some PC5 control plane signaling for connection management in NR PC5 [3]. 
Proposal 3: It is desirable to use RLC UM, TM and AM in NR PC5. 
Proposal 4: The RLC sublayer functions as following would be needed in NR PC5.
-
ARQ
-
duplicate detection
-
RLC SDU discard
-
protocol error detection
-
segmentation and reassembly of RLC SDUs
-
re-segmentation of RLC SDU segments
4) MAC
The main functions of MAC in LTE PC5 are as follows:

-
mapping between logical channels and transport channels

-
multiplexing/de-multiplexing of MAC SDUs

-
logical channel prioritization
Apparently, the above functions are also needed for MAC sublayer in NR PC5 and the details of how they work can refer to LTE PC5 baseline. However, based on RAN1 progress, it seems HARQ operation do need to be considered since RAN1 has agreed to study the HARQ feedback and CSI acquisition for unicast and/or groupcast.
Proposal 5: The MAC sublayer of NR PC5 would support the following functions, the details of how they work can refer to LTE PC5 baseline.
-
mapping between logical channels and transport channels

-
multiplexing/de-multiplexing of MAC SDUs

-
logical channel prioritization

-
error correction through HARQ
The required protocol functions in each layer of L2 protocol between LTE PC5 and NR PC5 are given in section 5 as a reference.
3. Conclusion
In this contribution, we discuss the L2 user plane protocol stack, then we have the following observation and proposals:
Observation 1: For NR PC 5 L2 protocol design, both existing LTE PC5 and NR Uu protocol design principles should be taken into account.

Proposal 1: The SDAP sublayer functions as following would be needed in NR PC5. 

-
transfer of user plane data

-
mapping between a QoS flow and a DRB for NR V2X messages over NR PC5
-
marking QoS flow ID for NR V2X messages over NR PC5

Proposal 2: The PDCP sublayer functions as following would be needed in NR PC5. 

-
Header-compression/decompression
-
PDCP duplication transmission, PDCP re-ordering, out-of-order delivery duplicate discarding and out-of-order delivery
-
security (details based on SA3 input)
Proposal 3: It is desirable to use RLC UM, TM and AM in NR PC5.

Proposal 4: The RLC sublayer functions as following would be needed in NR PC5.
-
ARQ
-
duplicate detection
-
RLC SDU discard
-
protocol error detection
-
segmentation and reassembly of RLC SDUs
-
re-segmentation of RLC SDU segments
Proposal 5: The MAC sublayer of NR PC5 would support the following functions, the details of how they work can refer to LTE PC5 baseline.

-
mapping between logical channels and transport channels

-
multiplexing/de-multiplexing of MAC SDUs

-
logical channel prioritization

-
error correction through HARQ
The required protocol functions in each layer of L2 protocol between LTE PC5 and NR PC5 are given in section 5 as a reference.
4. References
[1] RP-182111, “Revised SID: Study on NR V2X”, LG Electronics, Gold Coast, Australia, 10th-13rd September 2018.
[2] 3GPP RAN1#94 meeting Chairman Notes.

[3] R2-1813923, “Consideration on PC5 L3 protocol design”, vivo, Chengdu, China, 8th-12th October 2018.
5. The required protocol functions of L2 protocol between LTE PC5 and NR PC5
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transfer of user plane data NO YES

mapping between a QoS flow and a DRB for both DL and UL NO YES

marking QoS flow ID in both DL and UL packets NO YES

reflective QoS flow to DRB mapping for the UL SDAP data PDUs NO NO

transfer of data (user plane or control plane) YES YES

maintenance of PDCP SNs YES YES

header compression and decompression using the ROHC protocol YES YES

ciphering and deciphering YES YES

duplication YES YES

reordering and in-order delivery YES YES

duplicate discarding YES  YES

integrity protection and integrity verification YES  YES 

timer based SDU discard YES  YES

for split bearers, routing or duplication  NO YES

out-of-order delivery (new introduction in NR) NO YES

transfer of upper layer PDUs YES YES

segmentation and reassembly of RLC SDUs (only for UM and AM

data transfer)

YES YES

re-segmentation of RLC SDU segments (only for AM data transfer) NO YES

error correction through ARQ (only for AM data transfer) NO YES

duplicate detection (only for AM data transfer) NO YES

RLC SDU discard (only for UM and AM data transfer) NO YES

RLC re-establishment NO TBD

Protocol error detection (only for AM data transfer) NO YES

mapping between logical channels and transport channels YES YES

multiplexing of MAC SDUs from one or different logical channels

onto transport blocks (TB) to be delivered to the physical layer on

transport channels

YES YES

logical channel prioritisation YES YES

demultiplexing of MAC SDUs to one or different logical channels

from transport blocks (TB) delivered from the physical layer on

transport channels

YES YES

Buffer Status Report  NO TBD

scheduling information reporting NO TBD

error correction through HARQ NO YES
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Sheet1

		NR sublayer and the corresponding functions				RAT type				comments

						LTE PC5		NR PC5		The reasons for YES

		SDAP (new introduction in NR)		transfer of user plane data		NO		YES		In TS 23.501，the concept of QoS flows have been defined and the standardized 5QI to QoS characteristics mapping is also used for V2X massages

				mapping between a QoS flow and a DRB for both DL and UL		NO		YES

				marking QoS flow ID in both DL and UL packets		NO		YES

				reflective QoS flow to DRB mapping for the UL SDAP data PDUs		NO		YES

		PDCP		transfer of data (user plane or control plane)		YES		YES		Reused LTE V2X mechanism

				maintenance of PDCP SNs		YES		YES

				header compression and decompression using the ROHC protocol		YES		YES

				ciphering and deciphering		YES		YES

				duplication (new introduction in NR)		YES		YES

				reordering and in-order delivery		YES		YES

				duplicate discarding		YES 		YES

				integrity protection and integrity verification		NO		TBD		Based on input by SA3

				timer based SDU discard		NO		NO

				for split bearers, routing or duplication 		NO		YES

				out-of-order delivery (new introduction in NR)		YES		YES		The purpose of introducing this function is to reduce latency. NR V2X support advanced V2X services and require more stringent  performance requirements, including as small as  3ms/5ms level latency requirement

		RLC		transfer of upper layer PDUs		YES		YES

				segmentation and reassembly of RLC SDUs (only for UM and AM data transfer)		NO		YES		Since NR V2X supports 1:1 unicast, it is likely to run RLC-AM state machine with feedback from the transmitting V-UE. The NR V2X messages have variable RLC PDU sizes and more larger payload, which leads to mismatch between TB and NR V2X messages.

				re-segmentation of RLC SDU segments (only for AM data transfer)		NO		YES

				error correction through ARQ (only for AM data transfer)		NO		YES		As mentioned earlier, the AM mode should be applied fo NR V2X. Furtherly, NR V2X support advanced V2X services require more stringent  performance requirements, including ultra-reliability requirement, e.g. 99.999%. However, relying solely on lower (MAC, PHY) can not meet the requirement. 

				duplicate detection (only for AM data transfer)		NO		YES

				RLC SDU discard (only for UM and AM data transfer)		NO		YES

				RLC re-establishment		NO		YES

				Protocol error detection (only for AM data transfer)		NO		YES

		MAC		mapping between logical channels and transport channels		YES		YES		The LTE V2X mechanism can be a baseline, details (e.g. enhancement on LCP) are FFS

				multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels		YES		YES

				logical channel prioritisation		YES		YES

				demultiplexing of MAC SDUs to one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels		YES		YES

				Buffer Status Report 		NO		TBD		In RAN1#94, the Note on "UE schedules sidelink transmissions of other UEs" was made. The BSR and SR on NR PC5 can be introduced If this note is agreed(要体现这个理由吗)

				scheduling information reporting		NO		TBD

				error correction through HARQ		NO		YES		Since NR V2X supports 1:1 unicast, feedback can be support. In addition, as mentioned earlier, NR V2X support advanced V2X services and require more stringent  performance requirements, including ultra-reliability requirement, e.g. 99.999%.
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		NR sublayer and the corresponding functions				RAT type

						LTE PC5		NR PC5

		SDAP 		transfer of user plane data		NO		YES

				mapping between a QoS flow and a DRB for both DL and UL		NO		YES

				marking QoS flow ID in both DL and UL packets		NO		YES

				reflective QoS flow to DRB mapping for the UL SDAP data PDUs		NO		NO

		PDCP		transfer of data (user plane or control plane)		YES		YES

				maintenance of PDCP SNs		YES		YES

				header compression and decompression using the ROHC protocol		YES		YES

				ciphering and deciphering		YES		YES

				duplication		YES		YES

				reordering and in-order delivery		YES		YES

				duplicate discarding		YES 		YES

				integrity protection and integrity verification		YES 		YES 

				timer based SDU discard		YES 		YES

				for split bearers, routing or duplication 		NO		YES

				out-of-order delivery (new introduction in NR)		NO		YES

		RLC		transfer of upper layer PDUs		YES		YES

				segmentation and reassembly of RLC SDUs (only for UM and AM data transfer)		YES		YES

				re-segmentation of RLC SDU segments (only for AM data transfer)		NO		YES

				error correction through ARQ (only for AM data transfer)		NO		YES

				duplicate detection (only for AM data transfer)		NO		YES

				RLC SDU discard (only for UM and AM data transfer)		NO		YES

				RLC re-establishment		NO		TBD

				Protocol error detection (only for AM data transfer)		NO		YES

		MAC		mapping between logical channels and transport channels		YES		YES

				multiplexing of MAC SDUs from one or different logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels		YES		YES

				logical channel prioritisation		YES		YES

				demultiplexing of MAC SDUs to one or different logical channels from transport blocks (TB) delivered from the physical layer on transport channels		YES		YES

				Buffer Status Report 		NO		TBD

				scheduling information reporting		NO		TBD

				error correction through HARQ		NO		YES
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