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1. Introduction

Relay and CA are two important techniques in LTE-A. CA is supported in order to support wider transmission bandwidths, i.e. up to 100MHz, to achieve 1G peak transmission rate. Relay is considered for LTE-A as a solution to extend coverage without wired connection between eNBs. 

It was asked whether the CA is supported in Relay at last meeting. In this contribution, the possibility for supporting CA/relay combination is discussed. Based on the discussion, it is proposed to not consider the CA /relay combination in Rel-10 stage.

2. Discussion

Relay and CA are two independent functions with different characteristics and aiming to different purpose. The CA is to provide higher peak rate, however the relay in Rel-10 is to extend the coverage. CA can be supported in the Un link and/or the Uu link in theory. Some gains can be provided by this kind of combination, but the complexity need also to be considered also.
2.1. Gains of CA/relay combination

The gains of CA/relay combination on Un are:

· The data rate and the throughput of Un link can be improved.

· Less DL/UL backhaul subframes are needed compared with single carrier on Un link while keeping the same throughput. Thus more subframes can be saved on the Uu link.

· It was pointed out that the Un is the bottleneck of system capacity in RAN1’s evaluation. Supporting CA on Un can mitigate this problem.

On Uu link, the gains of CA/relay combination are:

· The data rate and the throughput of the Uu link can be improved.

· Provided more resource by CA, the capacity of relay can also be increased.
Overall, the advantage of the CA/relay combination is to improve the throughput of Un link and/or Uu link. However, the throughput is not the main target of the relay WI in Rel-10.

2.2. Status of CA and Relay WI
There are many open issues in relay currently. First of all, the architecture of in-band relay has not been decided yet. Some other open issues are listed as below:
· Head compression;
· The QoS management;

· The flow control;

· RRC state;

· SI on Un;

· HARQ procedure;

· Others.
For carrier aggregation, many “study item” issuess which are still under discussion, e.g.:
· The management of multiple carriers;

· Multiple TA and related random access procedures;

· Measurement for multiple carriers;

· RLF procedure for multiple;

· The scheduling in case of multiple carriers, including activation/deactivation, DRX, cross carrier operation etc.

· The system information handling

· Others.
It seems quite difficult to reach a consensus in a short period for many of these issues. And a great deal of other detail issues should be envisioned in the future even though they are not appeared so far. Furthermore, only some RAN2 topics are listed above, there are still many parallel topics in RAN1 and RAN4. Considering the time frame of CA and relay work item, it is quite diffcult to support CA/relay combination in Rel-10.
2.3. The scenarios of CA/relay combination
Since the CA can be applied on Un and/or Uu, many scenarios appear when consider the CA/relay combiantion. Assuming at most four component carriers, e.g. CC1, CC2, CC3 and CC4(only DL is considered for simple), can be aggegated together, there are three scenarios.
· Scenario 1: The carrier aggregation are applied on Un and Uu at same time, as shown in fig1, in which both CC1 and CC2 are serving RN and R-UE.
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Fig1. The carriers serving RN and R-UE are same.
· Scenario 2: The carrier aggregation can applied on Un and Uu, but the carriers for Un are different with the carriers on Uu. An example is given in fig2, in which CC1 and CC2 are serving RN and CC3 and CC4 are serving R-UE.
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Fig2. The carriers serving RN and R-UE are totally different.
· Scenario 3: the carrier aggregation can be applied at least on Un and Uu, but part of the carriers serving Un/Uu are different with the carriers on Uu/Un. Fig3(a) provides an example in which CC1 and CC2 are aggregated to serve RN whereas only CC1 is serving R-UE. Another example is in fig3(b), in which CC2 and CC3 are serving RN while CC1 and CC2 are serving R-UE.
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Fig3. The carriers serving RN and R-UE are partly different.

In-band relay and out-band relay

Given the scenarios above, the first question is how to define in-band relay and out-band relay? 
Can we think the scenario1 is in-band relay and scenario2 is out-band relay in term of current in-band/out-band relay definition? If so, what about scenario3? 

Maybe the definition of in-band and out-band relay have to be revisited if we are going to support CA/relay combination.
Transition between scenarios
The second question is whether we consider the transition among different scenarios? 
RAN2 has aggreed that the Rel-10 UE only camped on one carrier. That means the procedure from single carrier to multiple carriers can not be avoided when the UE enters the CA mode. Then the case in fig4 will exist anyway, in which the R-UE was working on CC1 at first, but on CC1 and CC2 after the reconfiguration. 
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Fig4. Transition due to reconfiguration

In last RAN2 meeting the fast activation/deactivation was agreed. Considering the fast activation/deactivation, it seems all the transitions between any two scenarios are possible. Fig 5 provides an example:
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Fig5. Transition due to fast activation/deactivation

In fig5, the scenario3 changes to scenario1 after the CC2 is activated on Un, and from scenario1 to scenario2 after the CC1 is deactivated on Uu and CC2 is deactivated on Un. 
Given the discussion above, many scenarios and problems will be brought if the CA/relay combination is allowed. Considering current status of CA and relay WI in Rel-10, and the potential complexity introduced by CA/relay combination, it is proposed to not support CA/relay combination in Rel-10 stage.
Proposal: The CA/relay combination is not supported in Rel-10 stage.
3. Conclusion
The possibility of supporting CA/relay combination was discussed in this contribution. It was indicated that the scenarios and complexity should be taken into account if the CA/relay combination is supported. Since there is still much specification effort for independent CA and relay WI, it is quite difficult to introduce the CA/relay combination in Rel-10. Therefore, it is proposed to not support CA/realy combination in Rel-10.
Proposal: The CA/relay combination is not supported in Rel-10 stage.
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