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1. Introduction

Aggregation of multiple carriers – effectively multiple serving cells – was introduced in Rel-10. The CA feature introduced substantial changes in the RAN1/2 specifications. The RAN1 changes included, but were not limited to, cross-CC scheduling, HARQ-ACK signaling and transmission formats (PUCCH Format 3 and Format 1b with channel selection), CSI feedback enhancements, PUCCH transmit diversity and non-contiguous PUSCH resource allocation. The agreed Rel-11 CA WI specifically states:

· Identify details for the LTE Carrier Aggregation enhancements methods to be specified through tradeoff analyses where aspects from all the relevant RAN WGs are considered. Redundant solutions and enhancement methods for the same purposes e.g. on different layers should be avoided. Enhancements on the following areas are investigated:
· Possible improvements in the related signaling for the use of LTE carrier aggregation, including 
i. UL and DL physical layer signaling,
ii. RRC and MAC signaling to support carrier aggregation,
iii. enhanced transmit diversity schemes for PUCCH format 3 and PUCCH format 1b with channel selection
· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands
In our view there was some overlap in Rel-10 CA issues between WGs, partly out of necessity given the wide reach of CA. Thus we see the first objective listed above as a good initiative as we begin the Rel-11 standardization phase. This contribution provides some perspectives on attaining these objectives for Rel-11 CA specification.

2. Discussion
Practically, it is not clear how to conduct tradeoff analyses considering design aspects from the different working groups in order to avoid duplication or redundant solutions. An overall consideration is that the priority order/timeline on specific issues may differ for each working group. Thus, it is not always possible to consider input from other working groups in a timely fashion, nor is RAN1 equipped to make a determination on issues that are better handled by other WGs. However, it is within the control of RAN1 to specify holistic solutions and/or enhancement methods that fulfill the design objectives of all RAN1-related work/study items. 
One example of a joint design approach was described in [2] where it was shown that similarities in CoMP and CA could be exploited to define CoMP signaling requirements. In the following we highlight some key areas where an intra-RAN1 design is desirable as well as areas where inter-WG tradeoffs should be considered.
CSI Feedback

The Rel-10 CA requirements called for the support of UL control signaling for up to 5 DL CCs (or serving cells). Whilst this is adequately specified for HARQ-ACK signaling, there were concerns that the adopted independent configuration of periodic CSI reporting on PUCCH would lead to frequent collisions between CSI reports of different serving cells. Secondly, it is envisaged that CSI feedback from multiple transmission points in CoMP may require an increase in CSI reporting capability. Finally, Rel-10 introduced two CSI feedback reporting sets mainly for HetNet operation, and quite possibly more HetNet-based CSI feedback enhancements may be required in Rel-11. As such it is recommended that CSI feedback design considers the objectives of each RAN1-related WI/SI by taking into account any tradeoffs that exist and avoiding redundant solutions. For example, supporting large aperiodic CSI payload sizes for up to 5 DL CCs can be seen as somewhat equivalent to supporting aperiodic CSI feedback for up to 5 transmission points in DL CoMP.

Proposal: a unified CSI feedback solution is recommended for both CoMP and CA when a UE is configured to receive PDSCH from multiple serving cells, or to perform CSI measurements corresponding to multiple transmission points.  
DL Control Signaling
The legacy PDCCH control region is limited in capacity and is also cell-centric. As RAN1 moves to a UE-centric design framework with UE-RS based data demodulation there has been increased interest in a fundamental re-design of DL control signaling including use of UE-RS for demodulating DL control. This fundamental shift may also be useful for heterogeneous networks in general including relays, and CoMP. Since future networks may support a combination of CA, higher order MIMO, CoMP, relays, any control channel design should consider all these features.
Control signaling is one area where some overlap exists with RAN2. Determining the best place for control signaling between L1, MAC or RRC signaling has always been a trade-off between latency, reliability, and overhead. Such trade-off analyses are particularly necessary for CA where a good part of the specification work lies in control signaling.  
Proposal: 
· Enhancements to DL control channel design should consider the requirements for higher order DL MIMO, CoMP, CA and eICIC techniques. 

· Proposed control signaling enhancements for CA configuration should show benefits of L1 signaling with respect to higher layer signaling.

TDD Dynamic DL-UL (Re)Configuration and interference management
Supporting different UL-DL configurations on different bands and especially dynamic UL-DL (re)configuration in response to traffic conditions would have an impact on both RAN1/4 specifications. Proposed solutions may need some input from RAN4 as to the feasibility of such schemes within the Rel-11 timeframe. This would prevent RAN1 adoption of solutions for which IoT tests would not be available. 

From an intra-RAN1 perspective, specifying solutions for different UL-DL configurations is also an objective of the eICIC WI. Therefore, proposed solutions should consider requirements/aspects from both the eICIC WI and the TDD SI.
Proposal: avoid redundant solutions regarding different UL-DL configurations in the eICIC WI and the TDD SI. 

3. Conclusion

This contribution considered how to conduct trade-off analyses between working groups in order to avoid redundant solutions in CA. We show that while this is desirable it may be difficult to achieve. On other hand there are areas within the scope of RAN1 where trade-off analyses can be conducted by taking into account the design goals of all the RAN1-related WIs. In summary our recommendations are: 
· A unified CSI feedback solution is recommended for both CoMP and CA when a UE is configured to receive PDSCH from multiple serving cells, or to perform CSI measurements corresponding to multiple transmission points.  
· Enhancements to DL control channel design should consider the requirements for higher order DL MIMO, CoMP, CA and eICIC techniques. 

· Proposed control signaling enhancements for CA configuration should show benefits of L1 signaling with respect to higher layer signaling.

· For TDD UL-DL configurations early input from RAN4 is necessary to avoid solutions for which IoT tests would not be available in Release-11.
· Avoid redundant solutions regarding different UL-DL configurations in the eICIC WI and the TDD SI.
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