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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]At 3GPP RAN#80 meeting, a new SI “Study on NR V2X” was approved. One of the objectives is to study the sidelink L2/L3 protocols. In this contribution, we will discuss the user plane protocol stack for NR V2X sidelink communication and analyze which functions need to be supported for each layer.
Discussion
During the LTE D2D discussion, LTE sidelink UP protocol stack is designed based on the LTE Uu UP protocol stack. The same principle can be used in NR, that is to say the NR sidelink UP protocol stack can be designed based on the NR Uu UP protocol stack. 
The NR Uu UP protocol stack is shown in Figure-1. It includes five protocol layers: SDAP, PDCP, RLC, MAC, and PHY. 


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]                                                           Figure-1 NR Uu UP stack

In this contribution, we will analyze whether all the four RAN2-related protocol layers, SDAP/PDCP/RLC/MAC, should be supported in NR sidelink and what functions are needed in each layer.

SDAP
The main function of SDAP is to perform Flow/DRB mapping. For LTE Uu interface, the mapping can be configured by RRC or using reflective QoS. But for V2X Sidelink, same as in LTE, the mapping between Flow and DRB can also be UE implementation and there is no specification effort. Hence it is unnecessary to introduce the SDAP layer in NR sidelink.
Proposal 1: For NR sidelink UP protocol stack, SDAP layer does not needs to be supported.

PDCP
The main functions of PDCP are listed below, and we will analyze whether they are also applicable to NR sidelink one-by-one.
· PDCP SN maintenance
There are two main usages for PDCP SN: perform reordering and duplication detection. From the perspective reordering, since there is timestamp in the V2X packet, in-order delivery is not mandatory. AndFrom the perspectvie of duplication detection, considering PDCP duplication needs to be supported for V2X in order to satisy the low latency and high reliablity requirement, PDCP SN is necessary for duplication detection. Hence PDCP SN manitainence should be supported in NR sidelink PDCP layer.
· Header compression/decompression
Header compression/decompression is used to reduce the overhead of IP header. For V2X services, there is IP packet and non IP packet. For IP packet, header compression/decompression is useful. Hence this function should be supported in NR sidelink PDCP layer.
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]Ciphering/deciphering&& Intergrity protection/verification
In LTE, RAN does need to provide security for V2X services, and the secuirty is provided by upper layer. In NR, we think the same rule can be applied. Hence PDCP in sidelink does not need to support security related functions including ciphering/deciphering and intergrity protection/verification.
· Timer based SDU discard
For V2X services, it is clear that end-to-end latency is one of the QoS parameters. Hence timer based SDU discard can be supported in NR sidelink in order to avoid the unnecessary transmission.
· Routing for split bearer
This function is used for DC case. It is not suitable for sidelink.
· Duplication/Duplication detection
In Rel-15 eV2X, PDCP duplication is introduced to reduce the latency and improve the reliability. In NR, this function is also useful. Hence, it should be supported in NR sidelink.
· Reordering and in-order delivery/out-of-order delivery
As discussed above, considering there is timestamp in the V2X packet, at least out-of-order delivery can be supported. Whether in-order delivery needs to be supported can be disussed further.
Proposal 2: For NR sidelink UP protocol stack, PDCP layer needs to be supported with at least the following functions:
· PDCP SN maintenance;
· Header compression/decompression;
· Timer based SDU discard;
· Duplication/Duplication detection;
· Out-of-order delivery.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 3: For NR sidelink, whether PDCP should support reordering and in-order delivery can be further discussed.

RLC
Before discussing the RLC functions in NR sidelink, it should first make clear which RLC mode needs to be supported in NR sidelink.
· RLC UM
Same as in LTE, RLC UM defintely needs to be supported in NR sidelink.
· RLC AM
According to the SID, unicast should be supported. For unicast with strict end-to-end latency requirement, RLC AM cannot be supported because if ARQ is used, it cannot meet the end-to-end latency requirement. But there are also some V2X services with less tight end-to-end latency requirement, e.g. partially/conditionally automated driving with 100ms end-to-end latency requirement. For these V2X services, whether ARQ needs to be supported can be further discussed.
· RLC TM
For V2X service transmission, RLC TM mode can be not supported considering segementation may be needed. Hence, from the requirement of user plane, RLC TM does not need to be supported. But from the requirement of control plane, RLC TM may need to be supported for synchronization or unicast connection setup, but it is control plane issue.
And then, we can discuss which RLC functions need to be supported in NR sidelink one by one.
· RLC SN maintenance
RLC SN maintenance should be supported considering segement and reassembly of RLC SDU is mandatory for V2X when the packet is large.
· ARQ (AM mode)
For broadcast, it can not be supported. But for unicast/groupcast, whether it needs to be supported depends on whether RLC AM mode needs to be supported.
· Segmentation/reassembly of RLC SDUs (UM/AM mode)
In order to improve the resource efficiency, it is no doubt that segmentation and reassembly of RLC SDU should be supported at least for RLC UM mode.
· Re-segmentation of RLC SDU segments (AM mode)
For groupcast and broadcast, it can not be supported. But for unicast, whether it needs to be supported depends on whether RLC AM mode needs to be supported.
· Duplicate detection (AM mode)
RLC layer duplication detection mainly used to detect the duplicated packet due to HARQ ACK is misunderstood as HARQ NACK in MAC layer. For NR Uu RLC UM mode, duplicate detection is only performed in PDCP layer. Hence in NR Uu, RLC duplicate detection is only for RLC AM. 
For broadcast, it can not be supported. But for unicast and groupcast, whether it needs to be supported depends on whether RLC AM mode needs to be supported.
· RLC SDUs discard(UM /AM mode)
RLC SDUs discard is initiated by PDCP due to PDCP discard timer expiry. Since timer based SDU discard is supported in PDCP, RLC should also support RLC SDUs discard.
Proposal 4: For NR sidelink, RLC needs to be supported with at least the following functions:
· RLC SN maintenance;
· Segmentation/reassembly of RLC SDUs;
· RLC SDUs discard.
Proposal 5: For NR sidelink, whether RLC TM and RLC AM mode needs to be supported can be further discussed.
Proposal 6: If RLC AM needs to be supported, RLC should further support the following functions:
· ARQ;
· Re-segmentation of RLC SDU segments;
· Duplicate detection.

MAC
The main functions of MAC are listed below, and we will analyze whether it is applicable for sidelink one-by-one.
· Logical/transport channels mapping
This is one basic MAC function. Hence it is no doubt that it should be supported in MAC.
· MAC SDUs multiplexing/demultiplexing 
Same as in LTE, data multiplexing/demultiplexing from different logical channels of one destination shoud be supported in NR.
· scheduling information reporting
Scheduling information includes SR, BSR and PHR. For network sheduled resource allocation, at least SR/BSR should be supported in order to let gNB perform the Sidelink resource allocation.
· HARQ
For sidelink unicast/groupcast, it has been agreed that HARQ should be considered in order to improve the realibility in RAN1. But it can not be supported for broadcast.
· Logical channel prioritization
When receiving Sidelink grant, if there are multiple logical channels have data avaliable, LCP is mandatory in order to allocate the sidelink resource amongst these different logical channels.
Proposal 7: For NR sidelink, MAC needs to be supported with at least the following functions:
· Logical/transport channels mapping;
· MAC SDUs multiplexing/demultiplexing;
· Scheduling information reporting(only for network sheduled resource allocation);
· HARQ；
· Logical channel prioritization.

Based on the above analysis, it is obvious that the LTE sidelink UP protocol stack, PC5-U, can be reused for NR sidelink.



Figure-2 NR Sidelink UP stack
The function of each NR Sidelink protocol layer is summarized in the following Table-1:
Table-1 NR Sidelink functions
	Protocol layer
	Functions supported by Uu
	Sidelink unicast/groupcast
	Sidelink broadcast

	PDCP
	PDCP SN maintenance
	Y
	Y

	
	Header compression/decompression
	Y
	Y

	
	Ciphering/deciphering
	N
	N

	
	Integrity protection/verification
	N
	N

	
	Timer based SDU discard
	Y
	Y

	
	Routing for split bearer
	N
	N

	
	Duplication/Duplication detection
	Y
	Y

	
	Reordering and in-order delivery
	FFS
	FFS

	
	Out-of-order delivery
	Y
	Y

	RLC
	RLC SN maintenance
	Y
	Y

	[bookmark: _Hlk521595173]
	ARQ ( AM mode) 
	FFS
	N

	
	Segmentation/reassembly of RLC SDUs  (UM /AM mode)
	Y
	Y

	
	re-segmentation (AM mode)
	FFS
	N

	
	duplicate detection (AM mode)
	FFS
	N

	
	RLC SDUs discard (UM /AM mode)
	Y
	Y

	MAC
	Logical/transport channels mapping
	Y
	Y

	
	MAC SDUs multiplexing/demultiplexing
	Y
	Y

	
	scheduling information reporting
	Y
	Y

	
	HARQ
	Y
	[bookmark: _GoBack]N

	
	logical channel prioritization
	Y
	Y



Proposal 8: LTE PC5-U protocol stack can be reused in NR sidelink.
Proposal 9: Capture the suggested NR sidelink V2X communication user plane protocol and protocol layer functions in TR38.885.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For NR sidelink UP protocol stack, SDAP layer does not needs to be supported.
Proposal 2: For NR sidelink UP protocol stack, PDCP layer needs to be supported with at least the following functions:
· PDCP SN maintenance;
· Header compression/decompression;
· Timer based SDU discard;
· Duplication/Duplication detection;
· Out-of-order delivery.
Proposal 3: For NR sidelink, whether PDCP should support reordering and in-order delivery can be further discussed.
Proposal 4: For NR sidelink, RLC needs to be supported with at least the following functions:
· RLC SN maintenance;
· Segmentation/reassembly of RLC SDUs;
· RLC SDUs discard.
Proposal 5: For NR sidelink, whether RLC TM and RLC AM mode needs to be supported can be further discussed.
Proposal 6: If RLC AM needs to be supported, RLC should further support the following functions:
· ARQ;
· Re-segmentation of RLC SDU segments;
· Duplicate detection.
Proposal 7: For NR sidelink, MAC needs to be supported with at least the following functions:
· Logical/transport channels mapping;
· MAC SDUs multiplexing/demultiplexing;
· Scheduling information reporting(only for network sheduled resource allocation);
· HARQ；
· Logical channel prioritisation.
Proposal 8: LTE PC5-U protocol stack can be reused in NR sidelink.
Proposal 9: Capture the suggested NR sidelink V2X communication user plane protocol and protocol layer functions in TR38.885.
Reference
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Text proposal to TR 38.885
5.1.4   L2/L3 protocols
5.1.4.x   User plane
User plane radio protocol stack for NR V2X sidelink communication is shown in the Figure X-1.




Figure X-1: User plane protocol stack for NR V2X sidelink communication

The functions of each protocol layer are listed below:
-	PDCP: 
· PDCP SN maintainence.
· Header-compression/decompression.
· Timer-based SDU discard.
· Duplication/Duplication detection.
· Out-of-order delivery.
· Whether reordering and in-order delivery needs to be supported is FFS.
-	RLC:
· RLC SN maintenance.
· Segmentation/reassembly of RLC SDUs for RLC UM and AM mode.
· RLC SDUs discard for RLC UM and AM mode.
· Whether ARQ, re-segmentation, and duplication detection for RLC AM mode need to be supported for NR V2X sidelink unicast communication is FFS.
-	MAC:
· Logical/transport channels mapping.
· MAC SDUs multiplexing and demuplexing.
· HARQ should be supported for NR V2X sidelink unicast communication.
· Scheduling information, e.g., SR/BSR.
· Logical channel prioritization. 
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