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1   Introduction
During the RAN2#99 meeting, PC5 carrier aggregation for transport of V2V messages was discussed and the following agreements were reached:
	=> Use case 1 and 3 should be supported.
=> RAN2 will study a proper Tx carrier selection from AS point of view (with the consideration of inter-layer interactions with upper layers)
=> FFS on the need (e.g. pros and cons) and details of packet duplicated transmission based on the different mechanism.
=> FFS on how to handle limited Rx chains


According to RAN2’s agreements, the parallel transmission of different MAC PDUs and the simultaneous reception should be supported in phase 2 V2X WI. However, it is FFS on the need and details of packet duplicated transmission. 
In this contribution, we will discuss the potential mechanisms for packet replication. And the pros and cons for packet duplicated transmission based on the potential mechanism are also analyzed. 
2   Discussion
Analysis of data duplication of PC5 CA
As we know, the data duplication is discussed intensively in NR. For the UL/DL based transmission, the UL/DL retransmission is based on the NACK of receiver side. In this case, there is long latency between the initial transmission and retransmission. The introduction of data duplication could thus be used to improve not only reliability but also latency for DRB. On the other hand, the data duplication may also be used for SRB to improve reliability when UE is in cell-edge.
The motivation for data duplication of PC5 CA is to improve reliability of sidelink data transmission. As we know, the V2X sidelink data transmission on one carrier only supports HARQ but ARQ. For HARQ, the MAC PDU could be retransmitted in a configurable numbers without ACK/NACK. As we can see, the time-diversity could be utilized by multiple V2X MAC PDU retransmissions on a specific carrier. On the other hand, the frequency-diversity may be utilized through the PC5 data duplication. That is, the vehicle UE may transmit the duplicated sidelink data packet over multiple carriers. In this way, the reliability of V2X sidelink transmission may be further improved. 
Observation 1: The motivation for PC5 data duplication is to utilize the frequency-diversity to further improve the reliability of V2X sidelink transmission. 
Potential PC5 data duplication mechanism
The potential mechanisms for PC5 data duplication could be divided into two options: PDCP data duplication and MAC data duplication. In this section, we discussion these two options one by one.
· Option 1: PDCP data duplication
For a given RB that supports PDCP data duplication, there are one PDCP entity, two or more RLC entities and two or more logical channels associated with it as shown in Figure 1(a). For the Tx UE, when data packet arrive the PDCP layer from upper layer, the PDCP entity performs the encryption and the header compression. For the RB that supports PDCP duplication, the PDCP entity duplicates the PDCP PDU and delivers the original and duplicate to two or more different RLC entities. In order to ensure the data packets from these RLC entities/logical channels are not transmitted via the same carrier, the mapping between logical channels and carriers may be configured. The MAC entity then perform the scheduling, multiplexing and assembly independently for different carriers and then deliver MAC PDUs to PHY layer for transmission over different carriers. 
At the Rx UE side, two or more Rx RLC entities and logical channels should be associated with the Rx PDCP entity that supports data duplication. Suppose RLC UM is configured, each Rx RLC entities shall reorder the RLC PDUs and discard the duplicate packets and then deliver the RLC PDUs to Rx PDCP entity. Upon receiving these RLC PDUs from multiple Rx RLC entities, the Rx PDCP entity needs to perform the reordering and duplicate discard again. 

[image: image1.emf]PDCP

RLC1 RLC2 RLCn

…

MAC

PDCP

RLC1 RLC2 RLCn

…

MAC

Upper layer

Upper layer

Phy layer Phy layer

… …

Carrier 1

Carrier 2

Carrier m

PDCP

RLC

MAC

PDCP

RLC

MAC

Upper layer

Upper layer

Phy layer Phy layer

… …

Carrier 1

Carrier 2

Carrier m

(a) PDCP data duplication (b) MAC data duplication


Figure 2 Illustration of PC5 data duplication
· Option 2: MAC data duplication
In this option, there is only one PDCP entity, one RLC entity and one logical channel associated with one RB as shown in Figure 1(b). For the Tx UE, when data packet arrives at the PDCP layer from upper layer, the PDCP entity performs the encryption and header compression, and then delivers the PDCP PDU to RLC entity. 
In order to support the MAC data duplication, the MAC entity should be configured with SL grant of the same TB size for different carriers. In this way, the same MAC PDU could be transmitted over different carriers. On the other hand, not all the data packet requires data duplication. Suppose RB1 requires data duplication whereas RB 2 and RB 3 do not, it means that the MAC entity should schedule the RB1’s data packet separately from RB 2 and RB 3. The MAC PDU that requires the data duplication should only contains the data packets from RB 1. 
At the Rx UE side, since there is only one Rx RLC entity, the RLC PDUs from different carriers could be delivered to the same RLC entity for re-ordering and duplicate discard. It means that the re-ordering and duplicate discard in Rx PDCP entity is not necessary. 
The comparison of PDCP data duplication and MAC data duplication is presented in Table 1. As we can see, the advantages for PDCP data duplication are that the resource of different carriers could be scheduled independently and the RBs for both data duplication and non-data duplication could be multiplexed into one MAC PDU. However, PDCP data duplication requires the Rx PDCP entity should support re-ordering and duplicate discard functionality. The re-ordering in both RLC and PDCP entity may increase the packet processing latency. Compared with PDCP data duplication, the advantages for MAC data duplication is that the re-ordering and duplicate discard is only required in Rx RLC entity. However, the resource of different carriers should be scheduled with the same TB size for the MAC PDU requires data duplication and the RBs of data duplication and non-data duplication could not be multiplexed into one MAC PDU. In our opinion, the scheduling of different carrier with same TB size and the multiplexing of only RBs support data duplication are stringent requirements on the MAC scheduler. Therefore, it is suggested to adopt the PDCP data duplication for PC5. 
Table 1 Comparison of PDCP data duplication and MAC data duplication
	Options
	Pros
	Cons

	PDCP duplication
	The resource of different carriers could be scheduled independently;
The RBs of both data duplication and non-data duplication could be multiplexed into one MAC PDU;
	The Rx PDCP entity should support re-ordering and duplicate discard functionality;
The re-ordering in both RLC and PDCP entity increase the packet processing latency;

	MAC duplication
	The re-ordering and duplicate discard is only required in Rx RLC entity;
	The resource of different carriers should be scheduled with the same TB size for the MAC PDU requires data duplication;
The RBs of data duplication and non-data duplication could not be multiplexed into one MAC PDU;


Necessity of PC5 data duplication
Based on the above two PC5 data duplication mechanism, we discuss the pros and cons for PC5 data duplication as follows:
· Pros for PC5 data duplication
1) Increased reliability: Since more sidelink transmissions for the same data packet are used over different carriers, the reliability of V2X sidelink transmission could be improved. 
· Cons for PC5 data duplication
1) More radio resources consumption: The radio resources of multiple carriers shall be used for the duplicated data packet transmission. So data duplication consumes more radio resources.
2) Power inefficiency: In order to support the simultaneous sidelink transmission over multiple carriers, the Tx UE needs to turn on multiple Tx RF chains. Similarly, the Rx UE needs to turn on multiple Rx RF chains to receive the duplicated sidelink transmission.  Both the Tx UE and Rx UE consume more power. 
3) Complexity and specification impacts: Until now, data duplication is not supported in LTE. It is only discussed in NR. Due to the user plane difference between NR and LTE, the PC5 data duplication over LTE may introduce a lot of complexity and specification impacts (for example, the specification of MAC, RLC, PDCP, and RRC may be impacted).
4) Increased latency for PDCP data duplication: In NR, the Rx RLC UM entity does not need to perform the reordering. Instead the Rx PDCP entity performs the reordering of PDCP PDUs. However, in LTE, the Rx RLC UM entity needs to perform the reordering and only deliver the in order PDCP PDUs to the Rx PDCP entity. Since the Rx PDCP entity shall receive the PDCP PDUs from multiple Rx RLC entities, Rx PDCP entity should also support re-ordering and duplicate discard functionality. The re-ordering in both RLC and PDCP entity may therefore increase the end-to-end packet transmission latency. 
5) Scheduling constraints for MAC data duplication: As mentioned in Section 2.1.1, MAC data duplication requires the scheduling of different carriers with same TB size so as to send the duplicated MAC PDU. In addition, only RBs support data duplication could be multiplexed and assembled into one MAC PDU. Both of them are stringent requirements on the MAC scheduler.
Based on the above analysis, the benefit of data duplication is the reliability. According to the data duplication discussion in NR, the reliability is improved mainly when the channel quality of selected carriers for data duplication transmission are neither too bad nor too good. For the broadcast based V2X communication, it is hard to decide when the data duplication should be enabled. On the other hand, the data duplication brings about more radio resource consumption, power inefficiency, complexity and specification impact, increased latency for PDCP data duplication and scheduling constraints for MAC data duplication. Therefore, it is suggested that the PC5 data duplication is only supported for V2X use cases that require extreme reliability. 
Observation 2: The pros of data duplication is the reliability while the cons of data duplication are more radio resource consumption, power inefficiency, complexity and specification impact, increased latency for PDCP data duplication and scheduling constraints for MAC data duplication.
Proposal 1: The PC5 data duplication is suggested to be supported for V2X use cases that require extreme reliability.
If the PC5 data duplication should be supported, it is suggested to adopt the PDCP data duplication for PC5. In our opinion, the scheduling of different carrier with same TB size and the multiplexing of only RBs support data duplication are stringent requirements on the MAC scheduler. Considering the dynamic resource occupation status of different carriers, these two requirements are hard to support. Compared with MAC data duplication, PDCP data duplication is more flexible and easy to implement.
Proposal 2: It is suggested to only consider the PDCP data duplication for V2X sidelink communication.
3   Conclusion
In this contribution, we discussed the potential mechanisms for packet replication. And the pros and cons for packet duplicated transmission based on the potential mechanism were also analyzed. And we have the following observations and proposals:
Observation 1: The motivation for PC5 data duplication is to utilize the frequency-diversity to further improve the reliability of V2X sidelink transmission. 
Observation 2: The pros of data duplication is the reliability while the cons of data duplication are more radio resource consumption, power inefficiency, complexity and specification impact, increased latency for PDCP data duplication and scheduling constraints for MAC data duplication.
Proposal 1: The PC5 data duplication is suggested to be supported for V2X use cases that require extreme reliability.
Proposal 2: It is suggested to only consider the PDCP data duplication for V2X sidelink communication.
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