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1
Introduction
At RAN1#89 [2], it was agreed that

Agreement: 

For RAN1, 3 use cases are considered for CA (Note that all use cases may not necessarily be supported):

1.
Parallel transmission of MAC PDUs (‘parallel’ means at the same or different transmission time, but on different carriers). The MAC PDU payloads are different. 

2.
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
3.
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

RAN 1#90 has further agreed the following about those three use cases [3]:
	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).


RAN2#99 has agreed [4]:

	Agreement:
· As for the three CA use cases identified in RAN1#89 and included in the LS R2-1707613, RAN2 agreed that:
· First and third use cases are agreed to be supported in RAN2.
· For the second case, FFS on the need (e.g. pros and cons) and details of packet duplicated transmission based on the different mechanism.


Based on the above agreements, it is very natural to ask the question that if RAN2 shall also prioritize the use case 1 and use case 3, as same as RAN1.  In this paper, we discuss whether it is necessary for RAN2 to support the packet duplication use case for V2X phase 2.
2
Discussion

Use case 2 as described in RAN1 Agreement [2] is parallel transmission of same packet on different carriers (not necessarily at the same transmission time). The motivation of packet duplication is to enhance reliability without waiting for retransmissions by leveraging frequency diversity. Main goal of carrier aggregation is to enhance throughput, so it is not clear why reliability aspect needs to be associated with carrier aggregation. especially as reliability over PC5 has already been addressed by Rel-14 V2X design, Reliability enhancement is not the main objective of the sidelink enhancement for carrier aggregation. In the “Justification” section of V2X Phase 2 WI [1], among the several use cases discussed, the “High reliability and low latency are the main requirements” is cited only for “remote driving” use case, in which the V2X communications occur only in Uu interface between the V2X UE and V2X application server, not the PC5 interface.
Observation 1:  It is not clear why packet duplication has to be associated with carrier aggregation for reliability improvement when main goal of carrier aggregation is to improve throughput.

Since RAN1 has deprioritized packet duplication it is not clear why this should perform better compared to Rel-14 based retransmission methods. In regards to the reliability, Rel-14 V2X UE has already employed an HARQ scheme. Basically, the V2X UE could choose to broadcast its packet once or twice to nearby V2X UEs. In contrast to retransmission scheme in the time domain (HARQ), the packet duplication is to conduct retransmission in frequency domain and the main advantage is to reduce the latency. For sending the same packet twice in time domain vs. frequency domain, the time-domain retransmission allows the receiving V2X UE to combine both two transmissions in the decoding process to improve the successful decoding opportunities. Since RAN2 agrees that each sidelink carrier has its own HARQ entity, the retransmission in frequency domain (packet duplication in CA) does lose this capability to joint-decoding both transmissions. Also, as RAN1 is not going to work on this aspect, there is no performance improvement gained from any PHY layer procedures. 
Observation 2: It is not clear how packet duplication can improve reliability compared to Rel-14 HARQ based re-transmission as RAN1 has deprioritized this aspect.
In Rel-14 V2X design, the reliability goal of V2X messages have been achieved by a properly-designed PHY/MAC solution by both 3GPP RAN1 and RAN2 WG. Per the performance evaluation of the Rel-14 V2X solution [5], the packet delivery ratio over PC5 carrier is generally higher in freeway scenarios (e.g., V2X UEs travelling in 140km/hr) than the urban scenarios (e.g., V2X UEs travelling in 15km/hr). The relatively lower packet delivery ratio (i.e., lower reliability) in the urban scenarios is mainly caused by the interference due to high vehicle density in urban environment. In other words, the reliability issue is caused by congestion in the V2X sidelink carrier. In this case, duplicate transmission in another sidelink carrier will cause the same congestion scenario and will no help. Instead, it may even create more congestion, as it may waste resources on packets which does not need to be duplicated.  
Observation 3: Packet duplications will not solve the congestion problem which affects the V2X communication in high-density scenarios.  
The current Rel-14 solution allows the UE to decide whether to use it or not to improve reliability in a per-packet granularity, based on PPPP, CBR level and/or vehicle speed, etc. For PDCP duplication scheme, the duplication decision has to be made in bearer-level, e.g., based on LCID. Such a loss of granularity will inevitably place all data packets of a logical channel to be transmitted in a duplicated manner. This seems a waste of resources as some of such data does not need duplication on multiple carriers for its reliability guarantee. 

There exist some other drawbacks to introduce packet duplication for PC5 sidelink CA. First, the packet duplication in CA is not required for LTE UEs over Uu interface. Making the UE capable of packet duplication certainly increases the UE complexity, no matter which layer this has to be done.  Second, for this packet duplication feature, it is very plausible that this has to be activated/deactivated frequently due to the dynamical channel congestion environment and varying upper-layer demand. This will create extra signaling overhead and delay. 

For example, if packet duplication is done in PDCP layer, when the packet duplication is deactivated because UE wants to use the carrier for serving another traffic flow, the packet flow in one of the carriers may keep going but the duplicated traffic flow in another carrier has to be discontinued to make room for any new packet arrivals. The deactivation process which involves signaling exchange, processing of any residue duplicate data, and RLC re-establishment, will all result in longer latency and contradict to the motivation of packet duplication.
Observation 4:  There are certain drawbacks of supporting packet duplication for sidelink carrier aggregation, e.g., Resource usage efficiency, UE complexity, signaling overhead and latency issue. 
Based on the above observations, we have the following proposal:
Proposal 1:  Support of CA packet duplication in sidelink carriers is deprioritized in RAN2.
3
Conclusion

In this paper, we have made following observations regarding the use case 2 for CA:
Observation 1:  It is not clear why packet duplication has to be associated with carrier aggregation for reliability improvement when main goal of carrier aggregation is to improve throughput.

Observation 2: It is not clear how packet duplication can improve reliability compared to Rel-14 HARQ based re-transmission as RAN1 has deprioritized this aspect.
Observation 3: Packet duplications will not solve the congestion problem which affects the V2X communication in high-density scenarios.  
Observation 4:  There are certain drawbacks of supporting packet duplication for sidelink carrier aggregation, e.g., Resource usage efficiency, UE complexity, signaling overhead and latency issue. 

Based on the above observations, we have the following proposal:

Proposal 1:  Support of CA packet duplication in sidelink carriers is deprioritized in RAN2.
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