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1 Introduction
SORTD is already supported in Rel-10 as the transmit diversity scheme for PUCCH format 3. It is under further discussion in Rel-11 whether an enhanced transmit diversity scheme should be introduced. It was agreed in RAN1#66bis that additional system-level overhead analysis is to be performed for PUCCH format 3, in order to evaluate the need for a new transmit diversity scheme.
2 Overhead Discussion
In Rel-10, a UE would be able to use a PUCCH format 3 TxD scheme when all of the following conditions are true:

· The UE is CA-capable and has multiple transmit antennas. It is questionable whether a majority of the UEs will have these capabilities in Rel-11 time frame. However, the number can become significant in the long term.

· The UE is configured with multiple CCs. The main motivations for the eNB to configure a UE with multiple DL CCs include: 

· Providing the UE with higher throughput if there is such demand from the UE’s applications; Generally speaking there would be a limited number of UEs requiring high throughput to justify more than two CCs in the near future, especially for FDD.

· Improving the trunking efficiency and performing instantaneous load balancing across carriers; it is up to the eNB implementation to decide how many UEs are configured with multiple CCs. But it is generally more effective for load balancing to configure higher throughput UEs with multiple CCs instead of lower throughput UEs.

· The UE is within the coverage area of format 3 for the desired payload size.

· The coverage depends on the payload size.

· The UE is scheduled in a way that triggers format 3 transmission. To be more specific, the UE is configured with format 3 and there is PDSCH transmission on the SCell for FDD; or the UE has PDSCH transmission on the PCell only with M>1 or PDSCH transmission on an SCell for TDD.

The possible set of PUCCH format 3 resources for a UE is semi-statically configured via higher layer signaling, and ARI is included in the PDSCH grant to indicate the exact resources to be used. When different UEs are scheduled in different subframes, they could use the same PUCCH resources. This means that statistical multiplexing gain can be achieved when multiple UEs are using format 3.
From the eNB point of view, the eNB would configure some PRBs for PUCCH format 3 to be shared among the UEs. The configuration can take into account factors such as the percentage of UEs using format 3, and how many format 3 UEs are likely to be scheduled in one subframe. The number of PRBs configured for format 3 represents the overhead caused by format 3.
If we assume there are 40 UEs in a cell, and up to 10% of these UEs satisfy all the conditions listed above and are scheduled in the same subframe, at most 4 UEs are transmitting using format 3 in each subframe. This means that the eNB can configure one PRB if single-antenna transmission is configured, or two PRBs if SORTD is configured for all UEs. Therefore one PRB can be saved if a new TxDiv scheme using a single PUCCH resource is adopted. The saving is not significant (only 1%~2%) for 10 or 20MHz bandwidth carriers. It can always be argued there can potentially be a higher usage of format 3, but we do not believe that would be very likely in the Rel-11 time frame given all the factors considered. Therefore, we do not see very compelling reasons to introduce an additional TxDiv scheme for format 3 based on Rel-10 features.
Another relevant factor is the PDCCH capacity because it affects how many UEs can be scheduled simultaneously. However, we don’t consider this as a limiting factor for format 3 overhead analysis here because the PDCCH capacity can be higher than the number of format 3 UEs to be scheduled simultaneously, especially when cross-carrier scheduling is not used.
3 Future Considerations
Although we think it is unlikely that a new TxDiv scheme is an immediate need based on Rel-10 capabilities, there are a few possible Rel-11 enhancements that may require more frequent use of format 3. There are two main scenarios:
· Enhancement for periodic CSI reporting. It is still under discussion whether or how the periodic CSI reporting should be enhanced. One of the proposals is to use format 3 to carry multiple CSI reports, or the simultaneous transmission of CSI reports and HARQ-ACK [1].
· CoMP. The feedback requirements for CoMP are under discussion. Given that the UE will need to provide CSI feedback for multiple transmission points, there is a possibility that a different, larger PUCCH format is needed to carry the CSI feedback, and format 3 is one candidate.
If format 3 is adopted for any of these scenarios, the resources will likely be semi-statically configured via higher layer signalling, similar to format 2. In this case, no multiplexing gain can be achieved among the UEs. This would increase the PRBs assigned to format 3, and an additional TxDiv scheme can bring a larger resource saving. However, the related discussions are still in the early stage. It is too early to draw any conclusion on whether format 3 will be adopted or not.
4 Conclusion
In this contribution, we discussed the potential resource saving that can be provided by a new transmit diversity scheme for PUCCH format 3. For existing Rel-10 features, it is not obvious that a new scheme would bring significant gain. However, the possible enhancements in Rel-11 related to format 3 should also be taken into account. This could be revisited later in the Rel-11 timeframe when the requirements are clearer. 
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