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1 Introduction
In RAN1 #89 meeting, PC5 CA related issues were discussed and three use cases were identified [1]. Moreover, in RAN1 #90 meeting, RAN1 agreed that first and third use cases are prioritized in RAN1, and also confirm the possibility of supporting the second use case for packet duplication whose details are left to  RAN2 [2]:
	RAN1 #89 Meeting 
Agreement:

· For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):
· Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 
· Parallel transmission of replicated copies of the same packet (‘parallel’ means at the same or different transmission time, but on different carriers)
· FFS at which layer replication is done
· Capacity improvements from the receiver perspective
· Note: From the receiver’s perspective, simultaneous reception over multiple carriers is assumed. From a transmitter’s perspective, transmission occurs over a subset of the available carriers
· For example, capacity could be increased a UE transmits on a single carrier (which can be different for each UE), but receives over all carriers
RAN1 #90 Meeting 
Agreement:

· For the three CA use cases identified in RAN1#89
· First and third use case are prioritized in RAN1.
· For the second case, packet duplication can be done at higher layers (up to RAN2 to decide).

· Send an LS to RAN2 to inform them of the decision. 


Based on RAN1 progress, this contribution will analyse packet duplication for PC5 CA in V2X sidelink communication from a RAN2 perspective.

2 Necessity for packet duplication
On the top of the following discussions, it can be first seen from above RAN1 agreements that there was some progress made by RAN1 for packet duplication in the past two meetings, i.e. from “FFS at which layer replication is done” in RAN1 #89 to the conclusion “packet duplication can be done at higher layers (up to RAN2 to decide)”. Our understanding to this RAN1 progress is that RAN1 confirmed the possibility of supporting packet duplication in PC5 CA, but left detailed designs to RAN2. 
Observation 1: RAN1 confirmed the possibility of supporting packet duplication in PC5 CA, but left details to RAN2. 
Besides the progress in RAN1, the needs of packet duplication are further discussed from the perspective of service requirement for V2X phase two. As in the WID [3], it is clearly required that V2X phase 2 should further support some advanced V2X services which are defined in TS 22.186 [4]. These advanced V2X services are further categorized into four different V2X use cases in [4], including vehicle platooning, extended sensor services, advanced driving and remote driving. We here summarize the requirements for different use case which should be met in order to support these advanced V2X services as in the following table, according to [4]: 
Table I: summary of performance requirements in different uses cases
	Use case 
	Description 
	Payloads

(Bytes) 
	Latency (ms) 
	Data rate

(Mbps) 
	Range

(meters) 
	Reliability (%) 

	Vehicles platooning 
	Vehicles dynamically form a platoon travelling together. Vehicles in the platoon obtain information from the leading vehicle to manage this platoon. 
	50 - 6500 
	10 - 500
	50 - 65 
	80 - 350
	90 - 
99.99 

	Advanced driving 
	Vehicle/RSU shares its own perception data obtained from its local sensors with vehicles in proximity and that allows vehicles to coordinate their trajectories. 
	300 - 12000 
	3 - 100 
	10 - 53

 (including UL: 0. 25 DL: 50)


	360- 700
	90 - 
99.999 

	Extended sensors 
	Exchange of data gathered through 
local sensors or live video images among vehicles, RSUs, Pedestrian and V2X server. 
	1600 
	3 - 100 
	10 - 1000 
	50 - 1000 
	90 -
99.999 

	Remote driving 
	Enables a remote driver or a V2X application to operate a remote vehicle. 
	         - 
	5 
	UL: 25

DL: 1 
	         - 
	99.999 


As seen from Table I, the reliability requirement of some services in V2X phase 2 can be up to 99.999%, which is as high as the reliability requirements for URLLC services [5][6].  This means for V2X phase 2, a reliability of 99.999% should be able to be supported for V2X sidelink communication, according to the service requirements. Such a requirement is not able to be supported by Rel-14 V2X sidelink communication. Therefore, some necessary enchantments that further improve the reliability of V2X sidelink communication should be done in Rel-15 V2X phase 2, in order to achieve the required reliability level.

Observation 2: As required in WID, the reliability requirements of the services in V2X phase 2 can be up to 99.999%, which is as high as that of URLLC. Such a reliability requirement cannot be supported by Rel-14 V2X sidelink communication, so enhancements to improve reliability are needed in V2X phase 2. 
On the other hand, it is well known that in NR packet duplication has been extensively discussed and under standardization as the main solution to support the high reliability requirements of URLLC (99.999%) from RAN2 perspective [7]. Besides, there is also a WI established for supporting URLLC services in LTE, which also includes PDCP packet duplication as one of the objective of RAN2 for reliability guarantee [6]. From the above information, it can be seen that, at least till now packet duplication is the main (if not only) mechanism that is identified by RAN2 as the eligible solution to support the reliability requirements of URLLC. 

Observation 3: Packet duplication has been extensively discussed and regarded in RAN2 as a main solution supporting reliability requirements of URLLC in both NR and LTE Uu. 
Therefore, since the services required to be supported in V2X phase 2 can have similar reliability requirements as URLLC and packet duplication is the most promising (if not only) RAN2 solution that can support reliability requirements as URLLC, the necessity of supporting packet duplication in V2X phase 2 is obvious and we propose that packet duplication needs supporting.    
Proposal 1: Packet duplication needs supporting from RAN2 perspective, in order to support the reliability requirements of the services supported by V2X phase 2.

3 Comparison of different mechanisms
As two possible solutions, packet duplication can be done in PDCP layer or MAC layer from RAN2 perspective. In this section, we will compare these two different duplication mechanisms.
For the MAC duplication manner, several copies of the same MAC PDU shall be transmitted on different carriers, so that different copies received from multiple carriers could be combined by the Rx UEs. Certainly, soft combing gain can be obtained by MAC layer duplication. However, an obvious shortcoming of MAC packet duplication is that it can brings significant complexity in HARQ entity as well as inflexibility in MAC layer. Specifically, there are at least the following issues that have to be addressed: 

· Firstly, in order to perform soft combing, the PHY of Rx needs to know which packets from different carriers are actually the duplications of the same MAC PDU. Therefore, the SA in one packet should indicate the other carriers of the duplicated MAC PDU as well as the specific time-frequency resource for transmission. This may need a new SA, which seems not only complicated work but with compatibility problem.

· Secondly, a new entity above HARQ process may needs specifying in Rx side in order to softly combe the packet from different carriers,  since in current CA scheme one HARQ process is linked with one carrier and it will not receive and combine the packet from another carrier. 
· Thirdly, it is reasonable that duplication is performed on a service basis, since only some of the services with high-reliability requirement should be transmitted in the duplication manner on multiple carriers. For MAC layer duplication. However, in current V2X sidelink communication, the packets from different logical channels, which may have different reliability requirement, will be multiplexed in MAC layer. Therefore, MAC layer duplication may inevitably also transmit those data without high reliability requirements in duplicated MAC PDUs, which may cause a waste of resources. 
In contrast to MAC duplication, which is with above problems, the PDCP related duplication can be operated at a service level, which makes the mechanism more efficient and flexible. In addition, as the similar mechanisms have already been extensively discussed in NR [7] and a LTE Uu related PDCP duplication was also agreed as one feature to be supported in further specification [6], it is straightforward to extend the mechanism to sidelink.
Proposal 2: PDCP duplication should be supported instead of MAC duplication for PC5 CA enhancement, because of the following facts: 

· The PDCP related operation is more efficient and flexible, as the duplication can be operated at service level.

· PDCP duplication is agreed to be supported in both NR and LTE Uu; it is straightforward to extend also the mechanism to sidelink.
4 Key issues
In case PDCP layer duplication is agreed to be supported by RAN2, the following two key issues should be studied. 

· As describe before, it is reasonable to perform PDCP duplication for some high reliability services. However, considering the fact that PDCP duplication needs to consume more resources of V2X sdielink communications, it is worth considering how eNB controls the resources used for PDCP duplication over sidelink.
· From Rx perspective, it may need considering how the Rx UE knows for which logical channel(s) PDCP duplication is enabled performed so as to deliver the packets received in these logical channels a same PDCP entity.

Proposal 3: If PDCP duplication is agreed for PC5 CA, then the following two questions may need considering by RAN2: 1) how the eNB configures the resources for the PDCP duplication on SL; 2) how the Rx UE knows the specific logical channels with duplication enabled. 
5 Conclusions
In this contribution, we analyse the necessity to perform parallel transmission of replicated copies of the same packet from RAN2 perspective, and compare the differences of MAC layer duplication and PDCP duplication, the following observations and proposal are given:
Observation 1: RAN1 confirmed the possibility of supporting packet duplication in PC5 CA, but left details to RAN2.
Observation 2: As required in WID, the reliability requirements of the services in V2X phase 2 can be up to 99.999%, which is as high as that of URLLC. Such a reliability requirement cannot be supported by Rel-14 V2X sidelink communication, so enhancements to improve reliability are needed in V2X phase 2.
Observation 3: Packet duplication has been extensively discussed and regarded in RAN2 as a main solution supporting reliability requirements of URLLC in both NR and LTE Uu.  

Proposal 1: Packet duplication needs supporting from RAN2 perspective, in order to support the reliability requirements of the services supported by V2X phase 2.

Proposal 2: PDCP duplication should be supported instead of MAC duplication for PC5 CA enhancement, because of the following facts: 

· The PDCP related operation is more efficient and flexible, as the duplication can be operated at service level.

· PDCP duplication is agreed to be supported in both NR and LTE Uu; it is straightforward to extend also the mechanism to sidelink.
Proposal 3: If PDCP duplication is agreed for PC5 CA, then the following two questions may need considering by RAN2: 1) how the eNB configures the resources for the PDCP duplication on SL; 2) how the Rx UE knows the specific logical channels with duplication enabled. 
6 Reference
[1]
R2-1707613, LS on RAN1 agreements on CA, RAN WG1.
[2]
R1-1715282, LS to RAN2 on supported use case for Rel-15 V2X CA on PC5, RAN WG1
[3]
RP-171069, Revision of WI: V2X phase 2 based on LTE, Huawei, CATT, LG Electronics, HiSilicon, China Unicom
[4]
3GPP TS 22.186, Enhancement of 3GPP Support for V2X scenarios.
[5] ITU-R M.[IMT-2020.TECH PERF REQ], 300 (Rev.1)
[6] RP-171489, Ultra Reliable Low Latency Communication for LTE.
[7]
R2-1707748
, Draft TS 38.300 v060, Rapporteur (Nokia).

 5/5

