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1. Background
Both relay and CA have been proposed in LTE-A for throughput enhancement and coverage extension. During RAN2 #69 meeting, it was agreed to consider the complexity incurred by the collaboration of relay and CA, and also suggested to discuss the basic scenario and definition for inband and outband relaying. This study summarizes the possible scenarios of relay operation with CA under the current RAN1/2 agreements. 
2. Current Agreements
2.1 Relay
Depending on the used spectrum for a RN, the relay operations can be classified into:

- In-band: The case in which the eNB -relay link shares the same carrier frequency with relay-UE links. Rel-8 UEs should be able to connect to the donor cell in this case.
- Out-band: The case in which the eNB-relay link does not operate in the same carrier frequency as relay-UE links. Rel-8 UEs should be able to connect to the donor cell in this case.
According to TR 36.814, the RNs can be further categorized into Type 1, Type 1a, and Type 1b as follows.

- Type 1 : The RN operates in in-band mode and appears to a UE as a cell, and has its own Physical Cell ID. The transmission of synchronization signals and scheduling information are also support for this kind of RNs. 

- Type 1a : The RN obtains the same features of Type 1 RN, but operates in out-band mode.

- Type 1b : The RN obtains the same features of Type 1 RN with the enhanced implementation of antenna isolation. In other words, the RN can transmit and receive signal at the same time when Un and Uu are operated in the same carrier frequency. 

According to TR36.814, Type 1a RN is expected to have little or no impact on RAN1 specifications. The possible impact brought by relay is the configuration, transmission conflict, and the interference problem between backhaul and access link. For solving the problems, “Fake MBSFN” is introduced to create a “Gap” for simultaneous eNB(RN and RN(UE transmission on the same frequency resource. When relay supports CA in the future, the needed operations for eliminating the problems shall dominate the complexity, no matter in technical issues or specification.
2.2 Carrier Aggregation (CA)
CA, where two or more component carriers are aggregated, is supported by LTE-A in order to support wider transmission bandwidths e.g. up to 100MHz and for spectrum aggregation. Based on current agreements, RRC message may be used to add or remove CCs, and the CCs can be deactivated and activated individually by MAC signalling. 

3. CC Configurations
Some scenarios for relay operation with CA support were discussed in [1], but no simple solution was provided for combining these two advanced technologies. In this section, we identify four simple scenarios of relay operation that can be supported with CA under the current agreements of RAN1 and RAN2, given in previous section. Figure 1 shows the operation scenarios based on the following CC configurations in Un and Uu. In the figure,  
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denote the set of CCs employed in Uu and Un, respectively. 
Configuration 1: Uu and Un have the same set of CCs. For example, 
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Configuration 2: Un and Uu have part of CCs in common: For example, 
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Configuration 3:  Un and Uu have no CCs in common.  For example
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Figure 1.  Operation Scenarios of relay with CA support

Since the Uu and Un shall be configured based on deployment considerations, this contribution does not involve the implementation issues. We focus on discussing the feasibility of CA support in Relay form the view point of possible configurations. Note that UEs shall be administrated by RN and the CCs configured for the UEs among RN shall be in the subset of RN’s CCs. As a result, this contribution omits the CC configuration of UEs and discusses the CC configuration in system level. 
3.  Operation Scenarios
Four operation scenarios of relay with CA supported are identified as in Figure 1, based on the CC configurations discussed above.
· Scenario A: In this scenario, same CC configurations of Un and Uu are applied. Since Un and Uu share the same carrier frequencies, the CC group in this scenario can be called “Inband Group”. Due to the same resource of an Inband Group, the operation for RN supporting CA is identical to that in single CC case. The operations in current discussion, e.g. Fake MBSFN, should be employed to solve the legacy problems in Rel-10 system. Besides, the resource allocation and indication in an Inband Group is within the scope of current CA agreements. The number of configured CCs in the Inband Group impacts only the amount of radio resource, and shall not introduce any new issues. Compared with the relaying operations in single CC, no new issues are expected in this scenario.
Observation 1: Scenario (A) can support relay plus CA without any new issues. 
· Scenario B: Un and Uu are have part of CCs in common in this scenario. Besides the common CCs, other CCs of Un shall be different from that of Uu. We call the different CCs as “Outband Group” for each of Un and Uu.  For the CC in Inband Group, {3,4,5}, DeNB and RN can operate as they do in scenario (A) and brings no issues as previous scenario. For the CCs in Outband Group, {1,2} and {6,7}, outband relaying can be applied. According to the discussion in TR36.814, if relay-eNB and relay-UE links are isolated enough in frequency, there is no interference issue in activating both links simultaneously. In other words, both the relay operations in Inband Group and Outband Group are still within the scope of current agreements and still feasible for LTE-A Rel-10. If relay with CA support is adopted, CCs can be classified into Inband Group and Outband Group, and work well if the two CC groups operate independently.
Observation 2: Scenario (B) can work well if the CCs in inband group and outband group are operated independently.

· Scenario (C: Un and Uu are operated in the CC of outband group in this scenario. Due to independence, DeNB and RN can schedule transmission and reception without any conflict and interference based on current agreement in outband relaying. The current agreements of Type 1a are sufficient for supporting CA in this scenario. 
Observation 3: Scenario (C) is feasible scenario for relay plus CA in LTE-A Rel-10..
· Scenario (D)

Type 1b RN with adequate antenna isolation has the capability to transmit and receive when the same CC is configured for Un and Uu at the same time. For the CC in Inband Group, {3,4,5}, inbands operation and simultaneously transmission/reception can be achieved by the implementation of isolated antenna. For the CCs in Outband Group,{12} and {6,7}, outband relaying can also be applied as in scenario (C).
Observation 4: Scenario (D) is also feasible for CA support when RN is implemented with adequate antenna isolation.
Conclusion
To summary the scenario for relay supporting CA in Rel-10, all the discussed cases are feasible with current agreement and introduce no extra overheads and efforts. The needed modifications beyond current discuss are none. 

In conclusion, we propose the followings:

Proposal 1: We shall consider Relay with CA capability in Rel-10 since no extra effort is seen.
Proposal 2: If proposal 1 is agreed, the following solutions are feasible 
· Scenario (A)
· Scenario (B)

· Scenario (C)

· Scenario (D)
Reference
[1] R2-101094, Discussion on the combination of Relay and CA, CATT
_1331466188.unknown

_1331466684.unknown

_1331466932.unknown

_1331467429.unknown

_1331466768.unknown

_1331466538.unknown

_1331466092.unknown

