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1. Introduction
At RAN2#69, combination of Carrier Aggregation (CA) and relay was discussed based on [1]. However, no agreement was made, since the incurred complexity was unclear [2]. This paper looks at deployment scenarios where CA is used in combination with relays and studies the specification impacts, to provide a way forward for Rel-10. 
2. Discussion
When CA is considered in combination with relays, several scenarios can be considered, e.g., CA on the backhaul link, access link or both. Furthermore, whether one or more of the CCs on the backhaul and access links share the same frequency or not provides another dimension. It is thought that the three scenarios shown in Fig.1 describe the main distinct cases that should be considered. All other cases, e.g., where CA is only applied to the backhaul link or the access link, can be considered as a subset of the scenarios below.
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(a) Scenario 1







(b) Scenario 2







(c) Scenario 3
Figure 1: Baseline scenarios for combination CA and relay
Scenario 1: All of the CCs configured on the backhaul link are different from the access link.
This scenario is depicted in Fig.1(a), and can be regarded as out-band relaying. For the CA operation on the backhaul and access links, it is expected that normal signalling and procedures defined for CA can be reused. Hence, no additional RAN2 specification impact is foreseen to support this scenario. It is thought that this scenario can be implemented, subject to RAN4 specifying the appropriate RF requirements for this type of relay operation (which most likely will not happen in Rel-10).
Scenario 2: One CC configured on the backhaul link is also configured on the access link.
This scenario is depicted in Fig.1(b), where only 1 CC (namely CC#1) is configured on both the backhaul and access links. In this scenario, backhaul/ access link subframes need to be configured for CC#1, for in-band operation. It is assumed that the signalling and procedures defined for single carrier in-band relay operation can be reused for this purpose, as long as CC#1 is configured as the PCC. (The case where CC#1 is configured as an SCC should not be considered, since it potentially has specification impacts and such operation is not needed for the coverage use case.) For other CCs configured on the backhaul and access links, the normal signalling and procedures defined for CA can be reused. Hence, no additional specification impact is foreseen. It is thought that this scenario can be implemented, subject to RAN4 specifying the appropriate RF requirements for this type of relay operation (which most likely will not happen in Rel-10).
Scenario 3: More than one CCs configured on the backhaul link are also configured on the access link.

This scenario is depicted in Fig.1(c), where two CCs (CC#1 and CC#2) are configured on both the backhaul link and access links. In this scenario, backhaul/ access link subframes need to be configured for both CC#1 and CC#2 for in-band operation. However, since CA operation requires only 1 CC to be the PCC, one of the CCs in in-band operation needs to be configured as an SCC. This implies that additional signalling and procedures need to be defined to support in-band operation on an SCC.

However, the need for such scenario seems to be doubtful. If two CCs are available, different CCs can be allocated on the backhaul and access links in the first place, so that in-band operation is not necessary (Fig.2(a)). Such operation alternative seems to be significantly simpler and easier to implement, without deteriorating the overall performance. Likewise, if three CCs are available, instead of using all three CCs for in-band operation, only 1 CC (to be the PCC) can be configured for in-band operation, while using 1 extra CC each on the backhaul and access links for out-band operation (Fig.2(b)). Then, in-band operation on an SCC can be avoided, without deteriorating the overall performance.
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(a) Scenario 3.1 (even number of CCs are configured)
(b) Scenario 3.2 (odd number of CCs are configured)
Figure 2: Alternative deployment scenarios for scenario 3

From the above analysis, scenarios 1 and 2 can be supported by simple combination of CA and relay operation and no additional consideration seems to be necessary from RAN2 perspective. Thus, such deployments can be realised by implementation. However, for such operations, appropriate RF performance requirements need to be defined by RAN4 in addition to individual requirements for CA and relay. It is doubtful if RAN4 will be able to define such additional requirements in Rel-10 time frame. Since RF requirements are generally defined in a release independent manner, such operations would be possible with Rel-10 signalling and procedure, if appropriate RF requirements are defined in future. Nevertheless, since such operations are not essential for the coverage extension use case, combination of CA and relay should not have to be considered when the core signalling and procedures are standardised.
3. Conclusions
In summary, the followings can be concluded:

Observation:
Combination of CA and relay can be supported by implementation, if no more than 1 CC is operated in-band and if the in-band CC is configured as the PCC. This is however subject to appropriate RF performance requirements being defined in RAN4, which will likely not happen in Rel-10 time frame.

Then, the following is proposed:

Proposal 1:
Combination of CA and relay need not be considered when standardising the signalling and procedures in Rel-10.
Proposal 2:
Combination of CA and relay, where the CC operated in-band is configured as an SCC, should be ruled out.
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