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1 Introduction
A work item (WI) for carrier aggregation enhancements in Rel-11 was approved in RAN plenary meeting #51, with the updated scope in [1]. The main objectives of the Rel-11 CA WI include:
· Specify the support of the use of multiple timing advances in case of LTE uplink carrier aggregation

· Define generic framework for UE and BS core requirements for non-contiguous intra-band carrier aggregation in RAN WG4 based on the existing RAN WG1, RAN WG2, and RAN WG3 specifications. 

· 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 

· UL and DL physical layer signaling,

· RRC and MAC signaling to support carrier aggregation,

· 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

· Study additional carrier types including non-backwards compatible elements for Carrier Aggregation. A way forward for additional carrier types and related details will be decided based on tradeoff analyses where deployment scenarios, benefits, drawbacks and work item time line are carefully considered from the perspectives of all the RAN WGs.
In this contribution, we provide an overview on the Rel-11 CA work item, focusing on the RAN1 involved aspects for enhancements and its tradeoff analysis.
2 Enhancements to carrier aggregation in Rel-11
In general, enhancements to carrier aggregation in Rel-11 shall focus on the aspects that have not been extensively discussed and evaluated in Rel-10. It is necessary to first identify and agree on the detailed topics, as well as the corresponding design priority and targets. While the scope in [1] clearly indicates some areas for enhancements, concrete problem definitions are missing for several other aspects. In this section, we provide our views on the scope of the Rel-11 carrier aggregation enhancements.
2.1 Multiple timing advances for UL CA
The issue of multiple timing advances in UL carrier aggregation was discussed in Rel-10, where it was agreed to support this feature in Rel-11. Multi-TA is useful in deployment scenarios where frequency selective repeaters are deployed. Currently, two possible approaches exist to enable this feature, including RACH based solution and UE based solution. The RACH based solution extends RACH procedures onto SCell, allowing different uplink transmission timing on different serving cells. The UE based solution replies on UE autonomous adjustments to determine the uplink transmission timings on serving cells, with possible timing advances (TA) commands per serving cell. 

While the use case of multiple timing advances was discussed in Rel-10, it is necessary to review this aspect and possibly including other identified use cases. In particular, the following two aspects need to be clarified before the detailed design:

· The deployment scenarios in which multiple timing advances are required
· The frequency of a UE losing uplink synchronization on a SCell

After clarifying the above two aspects, RAN1/2/4 shall perform the tradeoff analysis on the following aspects for different approaches to support multiple timing advances.
· Timing advance accuracy (RAN4)
· Overhead to maintain multiple timing advances (RAN1, RAN2)
· Specification impact (RAN1, RAN2, RAN4)
The UE based solution requires the UE autonomously determine the uplink transmission timing for a SCell based on the timing of the PCell. It therefore needs to ensure that the currently specified timing accuracy is achievable by the UE based solution. The RACH based solution directly extends the Rel-8 uplink timing advance procedure onto SCells, hence providing the same accuracy as Rel-8. On the other hand, RACH based solution will incur higher overhead than the UE based solution, since message exchange between eNB and UE is needed. Specification impact shall be assessed by all relevant working groups to agree on a particular solution.
2.2 Non-contiguous intra-band carrier
The scope in [1] is clear on this topic. RAN4 shall complete the RF specification to support non-contiguous intra-band carrier aggregation. RAN1, RAN2, and RAN3 involvements are not required.
2.3 Enhancements on uplink and downlink control
Enhancements on uplink and downlink control are mainly RAN1 centric. Details on the possible enhancements need to be agreed first, since the scope in [1] is vague on this aspect. In general, the following shall be done:

· Identify and agree on the detailed areas to improve for uplink and downlink control, prioritizing for the topics that have not been discussed extensively or optimized in Rel-10 (RAN1)

· Agree on one solution for each identified area (RAN1)

· Complete the required higher layer signaling design, if any (RAN2)

· Complete the required performance testing (RAN4)

Several aspects can be considered for enhancements in Rel-11 [2][3], including:
· ACK/NAK design for coverage limited UEs

· Support of periodic CSI reporting of multiple cells in one subframe

· Simultaneous transmission of ACK/NAK and CSI in one subframe

2.4 PUCCH transmit diversity
Transmit diversity for PUCCH format 3 and PUCCH format 1b with channel selection was extensively discussed in Rel-10. SORTD was agreed as the transmit diversity scheme for PUCCH format 3 in Rel-10, which requires twice the PUCCH resource compared to single antenna port PUCCH transmission. No transmit diversity scheme is supported for PUCCH format 1b with channel selection in Rel-10.
The discussion on PUCCH transmit diversity can take the following procedure:

· Agree on the design guideline for PUCCH transmit diversity in Rel-11, considering the work that have been done in Rel-10 (RAN1)

· Tradeoff analysis on different candidate proposals for PUCCH transmit diversity in Rel-11, including PUCCH detection performance, PUCCH overhead, specification impact, etc.

· Agree on at most one additional transmit diversity scheme for PUCCH in Rel-11 (RAN1)

· Complete the required higher layer signaling design, if any (RAN2)

· Complete the required performance testing (RAN4)
Given that the discussion and decision in Rel-10, the following design guideline are proposed for PUCCH transmit diversity in Rel-11 [4]:

· Guideline 1: Reduced PUCCH overhead compared to SORTD
· Guideline 2: Performance similar to SORTD, with antenna gain imbalance modeled

· Guideline 3: Minimal specification impact

· Guideline 4: Common design for PUCCH format 3 and PUCCH format 1b with channel selection
· Guideline 5: Optimize for large PUCCH payload
The above guidelines aim for an optimal PUCCH transmit diversity scheme in terms of PUCCH overhead and detection performance, as well as specification impact. A common design for PUCCH format 3 and PUCCH format 1b with channel selection is desirable to reduce the design efforts. In addition, PUCCH transmit diversity schemes are particularly beneficial for transmission of large PUCCH payload, which requires high SNR.

2.5 TDD inter-band carrier aggregation
Although the RAN1 and RAN2 design in Rel-10 is agnostic to intra-band or inter-band carrier aggregation, inter-band carrier aggregation was not supported for TDD in Rel-10 since the corresponding RAN4 specification was not developed. Hence, on this aspect of enhancement in Rel-11, we have 

· First priority: Complete the required specification to enable TDD inter-band carrier aggregation (RAN4)

As to RAN1 and RAN2, if the TDD UL-DL configuration is the same in different bands, then the corresponding Rel-10 design is completely reusable. In the meantime, the scope in [1] indicates that different TDD UL-DL configurations shall be supported in different bands, which is expected to impact the RAN1 and RAN2 specifications [5]. The following actions are needed:

· Identify the main use case of having different TDD UL-DL configurations in different bands (RAN1)

· Tradeoff analysis on different UE behaviors when aggregating multiple serving cells with different TDD UL-DL configuration, including the benefits and specification impact (RAN1)
· Complete the required higher layer signaling design, if any (RAN2)

2.6 Non-backward compatible carriers

The scope in [1] provides clear guidance on the work procedure for the study on non-backward compatible carriers. In particular, we think the following steps can be considered:
· Identify the use case of non-backward compatible carriers (RAN1, RAN2, RAN4), including the analysis on the benefits e.g. improving the spectral efficiency.
· Identify and agree on a set of conditions by which non-backward compatible carriers can be used (RAN1, RAN2, RAN4), aiming to limit the specification impact without losing the benefits of non-backward compatible carrier in the identified use cases.

· Complete the necessary specifications (RAN1, RAN2, RAN4)
3 Conclusions
In this contribution, we provide an overview of the Rel-11 carrier aggregation work item. Some design guidelines and procedures for tradeoff analysis are proposed, mainly for the RAN1 involved aspects. In general, we propose the following for the Rel-11 CA enhancements:
· Focus on the areas that have not been supported or optimized in Rel-10.

· Use cases and design guidelines shall be clearly identified.
· Minimal specification impact is preferable whenever possible.
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