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1 Introduction
In Rel-10 carrier aggregation, when HARQ-ACK and periodic CSI report(s) collide in the same subframe, only HARQ-ACK is transmitted while all periodic CSI report(s) are dropped. The evaluation results in RAN1#68bis showed non-negligible DL throughput degradation when periodic CSI reports are dropped due to the collision.
To alleviate the periodic CSI dropping issue, it was agreed in RAN1#68bis that:
· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

However, note that a UE that supports PUCCH format 3 can also be configured as format 1b with channel selection. How to support the multi-cell HARQ-ACK and periodic CSI multiplexing for the UEs that support format 3 but are configured with format 1b with channel selection is discussed in a companion contribution [1]. In this contribution, we only consider the simultaneous transmission of multi-cell HARQ-ACK and periodic CSI reports for the UEs that only support format 1b with channel selection.

2 Multiplexing of multi-cell HARQ-ACK and a single periodic CSI report
If the UE supports only format 1b with channel selection and does not support format 3 for multi-cell HARQ-ACK feedback, this UE can support up to two CCs only. Since it is usually possible to use the TDM approach to avoid the collision between the periodic CSI reports for two CCs, it is not particularly important to support the simultaneous transmission of two periodic CSI reports. Therefore, in terms of the multiplexing of HARQ-ACK and periodic CSI, it is more important to handle the HARQ-ACK and a single-cell periodic CSI report. There are a few options:
1. Use format 2b with spatial bundling (if needed) on HARQ-ACK

The drawback is that spatial bundling may need to be applied. Note that spatial bundling on HARQ-ACK also results in DL throughput degradation. As shown in [2], the spatial bundling results in roughly 7% DL throughput loss for the UEs using two-codeword transmission. The average cell throughput loss should be smaller because not all the UEs perform two-codeword transmission. Nonetheless, the loss in average cell throughput is expected to be of a similar order as (or slightly smaller than) the DL throughput loss for 50% CSI dropping, as shown by the simulation results in [3]-[5]. Therefore it is questionable whether this would be able to improve the DL throughput compared to the existing CSI dropping mechanism.
Proposal 1: The number of HARQ-ACK bits should not be further reduced (e.g. using spatial bundling) in order to support simultaneous transmission of HARQ-ACK and one or multiple periodic CSI reports.

2. Use format 2/2b with HARQ-ACK concatenating with periodic CSI

This approach can carry up to 2 HARQ-ACK bits using format 2b, and the rest of the HARQ-ACK bits are concatenated with period CSI and transmitted together. This would result in possible uneven performance among different HARQ-ACK bits. It would also require format 2/2b to support slightly higher payload size.
3. Enforce all the CA-capable UEs to support format 3 in Rel-11, and use format 3 to support the multiplexing of HARQ-ACK and periodic CSI.

This adds additional complexity on the UE, but is consistent with the approach agreed for the UEs that support format 3.
4. Use PUSCH-based approach

This can largely reuse the existing specifications. More detailed discussion can be found in [1],[6]. The main drawback is the inefficient resource utilization when the payload size is small, because one PRB is allocated to each UE to carry only less than 30 bits whenever the multiplexing occurs. 
3 Conclusion
Regarding the simultaneous transmission of HARQ-ACK and periodic CSI report(s) for the UEs that only support PUCCH format 1b with channel selection, we propose the following:

Proposal 1: The number of HARQ-ACK bits should not be further reduced (e.g. using spatial bundling) in order to support simultaneous transmission of HARQ-ACK and one or multiple periodic CSI reports.
If the simultaneous transmission of HARQ-ACK and periodic CSI reports are to supported for this case, it can be considered to enforce all the Rel-11 UEs to support format 3, so that a uniform approach can be used to cover all the UEs.
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