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1 Introduction
A Rel-11 work item on further enhancements on LTE carrier aggregation was approved in [1]. Part of the WI objectives includes

· 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 this contribution, we focus on the part for enhanced transmit diversity schemes for PUCCH format 3.
2 Overhead analysis for PUCCH format 3
In Rel-10, SORTD is supported as the transmit diversity scheme for PUCCH format 3. The amount of required PUCCH format 3 resources for SORTD is doubled compared to single antenna port transmission. Hence, there was some concern on the PUCCH format 3 overhead with SORTD. On the other hand, detailed analysis on the PUCCH format 3 overhead was not performed during Rel-10, partly due to the time constraints. 

From the analysis in Rel-10, the following observations are made:
· SORTD generally performs better than the transmit diversity schemes for PUCCH format 3 proposed in Rel-10, in terms of ACK/NACK detection performance.

· ACK/NACK resource indicator (ARI) is supported in Rel-10 to allow statistical reuse of PUCCH format 3 resources among multiple UEs.

· The gain of transmit diversity for PUCCH format 3 can be primarily translated to higher percentage of UEs that can be configured with PUCCH format 3 and/or reduced inter-cell interference on the PUCCH format 3 PRBs.

While it is important to compare the link level performance of the transmit diversity schemes for PUCCH format 3 proposed in Rel-11 [2], it is also necessary to study the PUCCH format 3 overhead as part of the tradeoff analysis. A general principle for PUCCH format 3 overhead analysis is to consider the number of scheduled UEs with PUCCH format 3 in a subframe, given that ARI is supported already for PUCCH format 3 resource allocation. In particular, the following aspects shall be considered for PUCCH format 3 overhead analysis.
· PUCCH geometry

The PUCCH geometry determines the number of UEs that can be configured with PUCCH format 3. On this aspect, the overhead analysis shall consider cases with and without inter-cell interference coordination on the PUCCH PRBs. Without inter-cell interference coordination, the UL geometry of PUCCH format 3 is expected to be worse than with inter-cell interference coordination. Hence, less percentage of UEs can be configured with PUCCH format 3 transmission in case PUCCH inter-cell interference coordination is not assumed. On the other hand, with inter-cell interference coordination, more PRBs from the system perspective may be allocated for PUCCH format 3 in order to reduce the inter-cell interference and allow higher percentage of UEs that can be configured with PUCCH format 3.
· DL throughput

PUCCH format 3 is typically used as the ACK/NACK transmission scheme for UEs configured with DL carrier aggregation. The main benefits of carrier aggregation on throughput include increased peak data rate or improved spectral efficiency. For UEs with large amounts of data for transmission, higher peak data rate is desirable. The percentage of such scheduled UEs in a particular subframe highly depends on the traffic model. It is expected that the number of UEs with significant data for transmission and hence requiring carrier aggregation in a subframe is limited. UEs can also be configured with carrier aggregation to improve the spectral efficiency by exploiting the frequency diversity over the multiple carriers. This is particularly useful for systems aggregating multiple small bandwidths. It shall also be noted that the gain of frequency selective scheduling can only be achieved for low mobility UEs.
· PDCCH capacity

Since the amount of UEs for PUCCH format 3 transmission in an UL subframe depends on the number of UEs scheduled in the corresponding DL subframe, the PDCCH capacity shall also be considered during the analysis of PUCCH format 3 overhead.
· Scheduler flexibility

In Rel-10, ARI is supported for PUCCH format 3. From the system perspective, reserving more PUCCH format 3 resources reduces the restriction on PDSCH scheduling mainly for UEs configured with DL carrier aggregation. Less reserved PUCCH format 3 resource leads to more stringent scheduling restrictions, which in turn would impact on the achievable DL throughput.

· UE capabilities on UL MIMO and DL CA
Transmit diversity for PUCCH format 3 is only supported for UEs capable of UL MIMO. In addition, as PUCCH format 3 is mainly used for ACK/NACK transmission when a UE is configured with DL carrier aggregation, the number of UEs using PUCCH format 3 in a subframe also depends on the percentage of UEs capable of DL carrier aggregation. The Rel-10 UE capability indicates that the support of PUCCH format 3 is tied to the UE capability of DL carrier aggregation.
3 Conclusions

In this contribution, we discuss the necessity of PUCCH format 3 overhead analysis, which is essential for the study on transmit diversity for PUCCH format 3 in Rel-11. The corresponding PUCCH format 3 overhead analysis shall consider aspects such as PUCCH geometry, DL throughput, PDCCH capacity, scheduler flexibility, and UE capabilities on UL MIMO and DL CA. It is proposed that RAN1 shall perform such overhead analysis for PUCCH format 3, before deciding on the detailed transmit diversity scheme for PUCCH format 3 in Rel-11.
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