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1
Introduction

In the last meeting, the layer-2 structure for LTE-A carrier aggregation was discussed [1], and it was decided to postpone the decision to this meeting. In this contribution, we present more arguments in favor of the protocol structure outlined in [1] and reproduced below: 
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Figure 1: Layer 2 structure for LTE-A DL
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Figure 2: Layer 2 structure for LTE-A UL

We will refer to the above protocol structure as alternative 1. 
2
Alternative layer-2 structures and their cons
The proposed protocol structure exposes the multi-carrier nature of the physical layer only to the HARQ entities in the MAC layer. Alternative protocol structures could be envisaged where the RLC and PDCP layer could be exposed to multiple carriers, or the RLC layer alone could be exposed to multiple carriers but not PDCP. In these two alternatives, there would be one RLC entity per logical channel per component carrier. Similarly, if PDCP is exposed to multiple carriers, then there would be one PDCP entity per logical channel per component carrier. 
Alternative 2: There is one RLC and one PDCP entity per logical channel per component carrier. 

Alternative 3: There is one RLC entity per logical channel per component carrier, but one common PDCP entity (i.e., one PDCP entity per logical channel).

If the full benefit of carrier aggregation is to be realized, data from one logical channel should be sent over all component carriers (as per the previously agreed proposal 1 in [1]). In addition, some amount of processing, such as, header compression and ciphering need to be done offline, i.e., not as part of the time-critical activities done during scheduling and building of the MAC PDU. Therefore, for alternative 2, a load balancing function is needed that directs traffic from any given logical channel to the different PDCP entities meant for each component carrier. Therefore, each RoHC entity will only see a fraction of the packets, and because RoHC is stateful header compression protocol, it will not work well, if it works at all. So alternative 2 is not viable. 
Conclusion 1: Alternative 2 is not viable because RoHC will not work well when it compresses only a fraction of all packets, which are also not in sequence. 

Alternative 3 will force RLC retransmissions to also be on the same component carrier as the original transmission. As discussed in [1], this imposes restrictions on scheduler functions, and may prevent prioritizing RLC retransmissions over fresh transmissions. 

Con 1 of alternative 3: RLC retransmissions will be forced on the same component carrier, which will prevent prioritizing of RLC retransmissions over fresh transmissions. 

In alternative 3, RLC status reports will be per component carrier. Therefore, statistical multiplexing gains from sending combined status reports are not possible, resulting in poorer performance. 
Con 2 of alternative 3: Statistical multiplexing gain from sending combined status reports is not possible. 

We also expect more specification impact as we start exposing the multiple carriers to higher layers. 

Con 3 of alternative 3: More specification impact is expected with alternative 3. 

Depending on the implementation, a load balancing function may be needed where data is directed to each RLC instance beforehand. This will result in implementation complexity and poorer performance where data may be left in one RLC entity of one component carrier, but the channel conditions of the user are better in another component carrier. This will result in reduced throughput performance of the UE, and reduced sector capacity.
Con 4 of alternative 3: Increased implementation complexity and poorer throughput/latency performance are likely for alternative 3.
In LTE, reordering is performed by RLC except during handovers. However, with alternative 3, there is a need for a reordering entity above RLC to give packets in order to PDCP

Con 5 of alternative 3: We need a reordering entity above RLC to give packets in-order to PDCP, which involves more specification impact and changes the functions of the protocol layers.

Conclusion 2: Because of these limitations, we recommend that alternative 3 is not chosen. 
3
Conclusions
Based on the above arguments, it is clear that alternative 2 is not viable, and alternative 3 has a lot of limitations. Therefore, we propose that RAN2 agree to finalize this protocol structure and include it in the LTE-A TR.
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