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1 Introduction
RAN#80 has approved a new study item on NR V2X [1]. One of the objectives which needs to be studied is L2/L3 protocol design for NR sidelink
	1: Sidelink design [RAN1, RAN2]:
·  Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)

· Study sidelink synchronization mechanism

· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols


In this contribution, we will provide analyses on the functionalities of L2 user plane protocol for NR sidelink, and identify the potential standard impacts that may need to be studied from RAN2 perspective.

2 Discussion
In LTE V2X sidelink, the L2 user plane protocol stack consists of MAC, RLC and PDCP. By contrast, as per our companion paper in [2], we think L2 protocol in NR sidelink consists of MAC, RLC, PDCP and SDAP. In the rest of the discussion, the functionalities for each layer in NR sidelink will be discussed respectively, compared with NR Uu and/or LTE sidelink.
2.1 MAC layer

As for MAC layer in NR sidelink, discussions were carried out from the following aspects. 

· MAC PDU format in sidelink

As shown in Figure 1 [3], in LTE V2X, a sidelink MAC PDU consists of several MAC subheaders and the corresponding MAC SDUs, with the former always placed before the later. Also, a SL-specific subheader is placed at the very beginning of the MAC PDU, mainly used for L2 addressing in sidelink. This makes the UE at the receiver able to parse any MAC SDUs only after the parsing of all the subheaders is completed. 
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Figure 1. Example of non-interleaved MAC PDU format for LTE sidelink
In NR Uu, however, interleaved MAC PDU format is applied as in Figure 2 [4], which enables the MAC subPDUs (containing "MAC subheader + MAC CE" or "MAC subheader +SDU") to be placed in a MAC PDU one by one. The main motivation and benefit of such interleaved MAC PDU format is that it can accelerate the parsing of each MAC SDU/MAC CE and thus speed up data processing at the receiver.
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Figure 2. Example of a UL MAC PDU for NR Uu
Observation 1: As in NR Uu, it is beneficial to apply the interleaved MAC PDU format in sidelink, which can accelerate the parsing of MAC CEs/MAC SDUs and thus speed up data processing at the receiver.
Considering such benefits, we think the interleaved MAC PDU format can be reused in NR sidelink, and see no specific reason for an inconsistent design between NR Uu and NR sideink. Also, as in LTE sidelink, it seems that L2 addressing is still needed in NR sidelink, in order to guarantee the data to be correctly delivered to the corresponding UE(s).In this sense, a SL-specific MAC subheader, which as in LTE sidelink contains those L2 addressing IDs, are also needed in the MAC PDU in NR sidelink. 
Proposal 1: RAN2 to study whether to use interleaved MAC PDU format as in NR Uu and whether a SL-specific MAC subheader used for L2 addressing is needed as in LTE for NR sidelink.
· Resource scheduling related aspects in MAC
As described in [5] and [6], various NR V2X services have different characteristics and diversified performance requirements. For some NR V2X services, relatively loose performance requirements are needed. For example, the lowest degree of automation for vehicles platooning [6, 5.2] requires a maximum of 25 ms end-to-end latency and 90% reliability. By contrast for some other NR V2X services, the performance requirements may be as stringent as that of URLLC. For example, in the emergency trajectory alignment for advanced driving [6, 5.3], a maximum of 3ms and 99.999% reliability should be guaranteed. 
This is quite similar with the case in NR Uu where both the eMBB with relatively loose requirements and URLLC services with extremely harsh requirements are supported. In NR Uu, several L2 mechanisms related to resource scheduling are defined to support such service differentiation in MAC, such as multiple SR configurations, LCP restrictions, etc. In NR sidelink, therefore, RAN2 may also consider to introduce/reuse these scheduling related MAC mechanisms in sidelink to support the differentiation of advanced V2X services with diversified requirements.
Proposal 2: To support the advanced V2X services with diversified performance requirements, RAN2 may need to study whether to introduce/reuse the scheduling related MAC mechanisms in NR Uu (e.g. multiple SR configurations, LCP restriction, etc.) in NR sidelink.
· HARQ mechanism
In NR V2X, much more stringent reliability requirements should be supported for advanced V2X services than that of basic safety services in LTE V2X. For example, the reliability requirement for advanced driving needs to be up to 99.999% [6]. Blind HARQ retransmission adopted in LTE sidelink may be difficult to guarantee such high reliability and may also cause resource inefficiency. Since unicast and/or groupcast are to be supported in NR sidelink as in [1], one possible method to support high reliable service transmission, at least for unicast and/or groupcast, may be to introduce the retransmission mechanism based on HARQ feedback, as the communication is conducted among a specific pair/group of UEs. 
So RAN2 is suggested to study the HARQ feedback mechanism in NR sidelink to improve the transmission reliability and the resource utilization, which, from RAN2 perspective, may be mainly related to UE behaviours on HARQ entity and HARQ process operations based on the feedback of other UEs. 
Proposal 3: To support high reliable service transmission, HARQ feedback should be studied in NR sidelink from RAN2 perspective (at least for unicast and groupcast).
·  BWP operation in sidelink

The BWP operation is a new feature introduced in NR Uu compared with LTE, so we may also consider the need/possibility to apply it in NR sidelink. In NR Uu, different numerologies are applied to serve different types of service (e.g. eMBB vs. URLLC). Though the BWP concept is originally introduced to support the UEs not capable of covering that broad bandwidth, another main use of BWPs is to carry different numerologies. In Uu, at most four BWPs can be configured on the same carrier. As per above discussion, there are also diversified types of services for NR V2X, which is quite similar to NR Uu from service requirements perspective. To this end, we think the concept of BWP may also be considered in NR sidelink as in NR Uu, and multiple sidelink BWPs may be (pre)configured to the UE to carry different numerologies. 

Then, if BWP is introduced in sidelink, some higher layer related BWP operations, including BWP configuration, activation and/or switch may need to be studied by RAN2. 

Proposal 4: RAN2 to study the need/possibility to introduce BWP(s) in NR sidelink. If sidelink BWP is agreed to be introduced, RAN2 may need to study sidelink BWP operations from higher layer perspective (e.g. BWP configuration, activation and/or switch). 
· Beam related aspects in sidelink

In NR Uu, beam forming is introduced mainly for high frequency spectrum, and in MAC layer, beam related operations are specified, such as beam failure detection and beam failure recovery. While those advanced V2X services, as in [5], can also be with data rate as high as hundreds of Mbps, it seems that beam forming is also desirable in sidelink to support such high data rate requirements. However, research about beam related operations in MAC layer is highly dependent on RAN1 progress. We thus propose RAN2 to wait for RAN1 progress to decide whether to study sidelink beam related operations in MAC layer.
Proposal 5: RAN2 should wait for RAN1 progress to decide whether to study sidelink beam related operations in MAC.
2.2 RLC layer aspects
In LTE, only RLC UM is supported for V2X sidelink communication. However, RLC UM cannot guarantee ultra-high reliability required by some advanced V2X use cases, e.g. 99.999% reliability for advanced driving. Since there is the risk that receiver UE mistakenly parses NACK to ACK due to bad channel quality even if HARQ feedback is introduced, it may be difficult to only rely on HARQ feedback to realize the extra high reliability. 
Considering this, we think RLC AM with ARQ may also be introduced in NR sidelink, at least for unicast and groupcast communication, for ultra-high reliability required services.
Observation 2: Only RLC UM is supported in LTE sidelink. In NR sidelink, however, RLC UM may lead to the high reliability required by some use cases/services unable to be supported.
Proposal 6: RLC AM should be supported for NR sidelink, at least for unicast and groupcast, to support the ultra-high reliability required by advanced V2X services.

Both in LTE sidelink and Uu, one of the main functions of the RLC layer is to support concatenation and segmentation of RLC SDUs, with the purpose of full utilization of transmission resources. In NR Uu, only segmentation but no concatenation of RLC SDUs is supported, and the equivalent effect of the concatenation was then shifted to the multiplexing of MAC SDUs in MAC layer. Such a change is viewed as useful for UEs to do packet pre-processing in RLC layer, and can achieve fast assembly of MAC PDUs in MAC layer, which brings the benefit of reducing data processing delay after receiving an uplink grant at the transmitter side. To enjoy also such a benefit and keep consistent with NR Uu, we suggest concatenation of RLC SDUs is not supported in NR sidelink either.
Additionally, in NR Uu, the reordering function is removed from RLC layer to PDCP layer with the reason that the reordering function anyway should be supported by PDCP layer, since PDCP duplication or split bearer operation will incur out-of-order arrival of packets in the receiving PDCP entities. As we think PDCP duplication is also needed in NR sidelink (see below section 2.3), this can also be followed in NR sidelink for consistency.
Observation 3: Segmentation but no concatenation of RLC SDUs is supported in NR Uu.

Proposal 7: As in NR Uu, the functionalities of RLC SDUs concatenation and reordering are not needed in the RLC layer in NR sidelink.
2.3 PDCP layer aspects
In both NR Uu and LTE sidelink, PDCP duplication mechanism is supported to improve reliability. Due to the ultra-high reliability required by some advanced use cases in NR V2X [5], we think PDCP duplication should also be supported in NR sidelink. Also, as in NR V2X a UE may be able to apply both NR Uu interface and NR sidelink interface to transmit V2X packets, a potential way to further improve reliability, compared with the packet duplications only in Uu or only in sidelink, is to apply PDCP duplication across NR Uu and NR sidelink (e.g. one leg on sidelink, the other on uplink), which can utilize more transmission paths and frequency/spatial diversity. Considering the benefits, RAN2 is suggested to support PDCP duplication in NR sidelink, and further to study whether to support PDCP duplication across NR Uu and NR sidelink.
Proposal 8: RAN2 to support PDCP duplication in NR sidelink.
Proposal 8a: RAN2 to study whether to support PDCP duplication across NR Uu and NR sidelink.
In NR Uu, due to the introduction of PDCP duplication, and the removal of reordering function in RLC layer, the packets may arrive out-of-order to the receiving PDCP entities. Reordering function is introduced in PDCP layer to handle the out-of-order issue. Also, the duplication detection is also a functionality supported for PDCP duplication in NR PDCP entity. Since we think PDCP duplication is also needed in NR sidelink to support those rather high reliability requirements of advanced V2X services, the functionalities of reordering and duplication detection should also be supported in PDCP layer in NR sidelink.
Proposal 9: Similar to NR Uu, duplication detection and reordering should be supported in PDCP layer in NR sidelink.
2.4 SDAP layer aspects
In LTE V2X, the QoS model for V2X communication over PC5 interface is managed on a per-packet basis, with ProSe Per-Packet Priority (PPPP) and ProSe Per-Packet Reliability (PPPR). PPPP and PPPR can only reflect the packet delay budget and reliability level for a packet respectively. In NR V2X, more dimensions of performance requirements for advanced use cases should be considered, such as payload, data rate, maximum end-to-end latency, reliability, and so on. To reflect the various performance requirements for NR V2X, we propose to support the complete QoS framework in sidelink and reuse also the 5QI/QFI mechanism as in NR Uu in our companion paper [7]. 

In case the QoS flow based mechanism is used in NR sidelink, then the SDAP layer should also be introduced to deal with the flow-related operations on the mapping between QFIs and DRBs. We think SDAP should also be supported in NR sidelink to support complete QoS to replace PPPP/PPPR.
Proposal 10: SDAP layer needs to be supported in NR sidelink to realize the flow-based operations (e.g. mapping between QFIs and SLRBs, etc.), in order to support complete QoS framework for NR V2X.
3 Conclusion

In this paper, we have discussed L2 user plane protocol design and potential procedures for NR sidelink, and made the following observations and proposals:
Observation 1: As in NR Uu, it is beneficial to apply the interleaved MAC PDU format in sidelink, which can accelerate the parsing of MAC CEs/MAC SDUs and thus speed up data processing at the receiver.
Observation 2: Only RLC UM is supported in LTE sidelink. In NR sidelink, however, RLC UM may lead to the high reliability required by some use cases/services unable to be supported.
Observation 3: Segmentation but no concatenation of RLC SDUs is supported in NR Uu.

Proposal 1: RAN2 to study whether to use interleaved MAC PDU format as in NR Uu and whether a SL-specific MAC subheader used for L2 addressing is needed as in LTE for NR sidelink.

Proposal 2: To support the advanced V2X services with diversified performance requirements, RAN2 may need to study whether to introduce/reuse the scheduling related MAC mechanisms in NR Uu (e.g. multiple SR configurations, LCP restriction, etc.) in NR sidelink.
Proposal 3: To support high reliable service transmission, HARQ feedback should be studied in NR sidelink from RAN2 perspective (at least for unicast and groupcast).
Proposal 4: RAN2 to study the need/possibility to introduce BWP(s) in NR sidelink. If sidelink BWP is agreed to be introduced, RAN2 may need to study sidelink BWP operations from higher layer perspective (e.g. BWP configuration, activation and/or switch). 
Proposal 5: RAN2 should wait for RAN1 progress to decide whether to study sidelink beam related operations in MAC.
Proposal 6: RLC AM should be supported for NR sidelink, at least for unicast and groupcast, to support the ultra-high reliability required by advanced V2X services.
Proposal 7: As in NR Uu, the functionalities of RLC SDUs concatenation and reordering are not needed in the RLC layer in NR sidelink.
Proposal 8: RAN2 to support PDCP duplication in NR sidelink.
Proposal 8a: RAN2 to study whether to support PDCP duplication between NR Uu and NR sidelink.

Proposal 9: Similar to NR Uu, duplication detection and reordering should be supported in PDCP layer in NR sidelink.
Proposal 10: SDAP layer needs to be supported in NR sidelink to realize the flow-based operations (e.g. mapping between QFIs and SLRBs, etc.), in order to support complete QoS framework for NR V2X.
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