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1. Introduction

For a Rel-10 UE configured for DL CA, in case of collision between a periodic CSI report and multi-cell HARQ-ACK feedback on PUCCH the periodic CSI report is dropped while the HARQ-ACK is transmitted. A possible enhancement for Rel-11 is multiplexing HARQ-ACK and periodic CSI on PUCCH in order to avoid frequent dropping of CSI reports.  In this contribution we consider the motivation and mechanisms for multiplexing a CSI report and multi-cell HARQ-ACK feedback on PUCCH. 
2. Multiplexing of Periodic CSI and HARQ-ACK
In this contribution we shall assume that only one periodic CSI report may collide with HARQ-ACK since, per Rel-10 specification, CSI reporting is independently configured per DL serving cell. The motivation for supporting concurrent transmission of multi-cell HARQ-ACK feedback and a periodic CSI report stems from the observation that frequent dropping of CSI reports is detrimental to DL system performance. Even for Rel-10, where at most two DL serving cells can be configured for a UE, such frequent dropping is likely for TDD UL-DL configurations with few UL subframes and, more generally, for heavy DL transmission, which requires frequent HARQ-ACK transmissions. A related, but different, problem regarding simultaneous transmission of multi-cell periodic CSI reports on PUCCH is discussed in a companion paper [1].
One exemplary use case for multiplexing CSI and HARQ-ACK on PUCCH occurs when the total UCI consists of only a few CSI and HARQ-ACK bits, e.g. FDD with 2 DL serving cells and 2 RI bits. As such, for a UE that is not UL power limited, it can be justified to transmit up to 6 bits using PUCCH Format 3 instead of only 4 HARQ-ACK bits (for DL MIMO on each serving cell) given the importance of RI to subsequent CQI/PMI reports. From a design perspective we note the following:
· The Rel-8 PUCCH framework was not designed for supporting DL CA or multiple transmission points in DL CoMP. 

· Enhancements such as partial feedback of multi-cell HARQ-ACK and/or multi-cell periodic CSI only provide a stop-gap before an eventual comprehensive solution targeting future releases.

· It is desirable to maintain the same HARQ-ACK performance with or without multiplexed CSI.

Proposal: introduce simultaneous transmission of multi-cell HARQ-ACK and a single periodic CSI report on PUCCH with the least specification impact.
Based on this proposal we consider design choices for simultaneous transmission of HARQ-ACK and periodic CSI on PUCCH including a comparison of joint and separate encoding, PUCCH resource allocation, and the need for partial CSI feedback or A/N bundling.
2.1. Comparison of joint versus separate encoding
There are two possible encoding methods for multiplexing CSI and HARQ-ACK on PUCCH Format 3. In one scheme CSI and HARQ-ACK bits are concatenated and jointly encoded as shown in Figure 1(a). Sequel to concatenation there is no further distinction between the two UCI types i.e. subsequent bit and symbol processing can follow the Rel-10 design. Figure 1(a) shows the second RM encoder with dashed lines to indicate that the choice of employing single- or dual-RM encoders is based on the total payload size. The main limitation of this scheme is that the ACK missed detection and DTX to ACK performance cannot be optimized by rate matching.
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Figure 1 (a) Joint and (b) separate encoding of CSI and HARQ-ACK
For the separate encoding scheme, HARQ-ACK and CSI bits are independently encoded on each branch of the dual-RM structure as shown in Figure 1(b). Since HARQ-ACK feedback has different performance requirements compared to CSI, such an encoding structure allows rate matching configurations that e.g. prioritize ACK detection performance by configuring a positive value for δ in Figure 1(b). It was shown in [2] that up to 1 dB performance gain can be achieved for separate coding compared to joint coding when the CSI payload is larger than the HARQ-ACK payload. On the other hand it should be noted that:

· Different rate matching configurations may need to be specified for each combination of HARQ-ACK and CSI payload. Possibly, even more configurations need to be considered when transmit diversity is enabled. 
· It needs to be verified whether the Rel-10 PUCCH power control formulas are sufficient for all specified combinations.

This has a rather larger specification impact for a scheme that only partly solves current and future UCI requirements on PUCCH. Therefore, we propose:
Proposal: if simultaneous transmission of multi-cell HARQ-ACK and a periodic CSI report is specified, both CSI and HARQ-ACK bits are jointly encoded and transmitted on PUCCH Format 3.

2.2. PUCCH resource allocation

Following the Rel-10 resource allocation rule, the UE can transmit CSI and HARQ-ACK on a PUCCH resource that is indicated by the TPC field of the detected DL DCI format. A side benefit of using the existing HARQ-ACK resource is that it avoids the problem of payload ambiguity if the UE misses the PDCCH scheduling PDSCH on at least one SCell. One additional issue is whether to allow CSI and HARQ-ACK multiplexing when a UE is configured for Format 1b with channel selection. Our preference is not to specify a solution when a UE is configured for Format 1b with channel selection for the following reasons:

1. Complex specification and implementation: 

a. The UE would need to be configured with both a Format 2 resource and a Format 3 resource, where the former is used when there is no A/N-CSI collision whereas the latter is used in case of collision.
b. The Format 3 resource is either semi-statically configured or indicated by the TPC field of the PDCCH scheduling PDSCH on the SCell. In either case the eNB needs to monitor both Format 2 and Format 3 resources.

2. A UE that is capable of PUCCH Format 3 transmission may nevertheless be configured for PUCCH Format 1b with channel selection e.g. in the case of UL power limitation. As such, it is pointless to support transmission of a larger UCI payload on PUCCH. 
Proposal: multiplexing of CSI and HARQ-ACK on PUCCH Format 3 is not supported when the UE is configured for HARQ-ACK feedback using Format 1b with channel selection.
2.3. Multiplexing methods: partial CSI feedback versus HARQ-ACK bundling
By employing the Rel-10 dual-RM encoder, up to 10 A/N bits and 11 CSI bits can be transmitted on PUCCH. Since such large payloads require considerable UL transmit power, multiplexing of CSI and HARQ-ACK may be limited to only a few cell interior UEs in order to maintain the same HARQ-ACK performance without multiplexed CSI. Alternatively, a UE can be configured with a maximum payload and either A/N bundling or partial CSI is transmitted as mentioned in [3]. Based on the previously stated goal of maintaining the same HARQ-ACK performance with/without a multiplexed CSI report we propose:

Proposal: If there is a limitation on the supportable UCI payload (i.e. less than 21 bits) it is not preferred to bundle HARQ-ACK bits for the purpose of transmitting both HARQ-ACK and CSI bits. It is recommended to further study the following alternatives
· Drop CSI and transmit only HARQ-ACK on PUCCH as in Rel-10.
· Prioritize RI and/or wideband CQI/PMI.

· Leave to eNB implementation to determine the periodic CSI reporting configuration that matches the supportable payload.
2.4. Specification Aspects
For a Rel-8/9/10 UE configured to receive PDSCH on only the primary cell, both CSI and HARQ-ACK can be transmitted using PUCCH Formats 2a/2b if the RRC parameter simultaneousAckNackAndCQI is set to TRUE. In a similar manner, simultaneous transmission of CSI and HARQ-ACK on PUCCH Format 3 can be enabled by a new Rel-11 parameter simultaneousAckNackAndCQI-R11. This allows multiplexing of HARQ-ACK and a single CSI report for both DL CA and DL CoMP. 

Furthermore, when parameter simultaneousAckNackAndCQI-R11 is set to TRUE for a TDD UE configured for single cell operation it should be possible to configure the UE to simultaneously transmit CSI and HARQ-ACK on PUCCH Format 3 when the value of the DAI in a detected PDCCH is greater than 1. 
For other working groups the specification impact is:

· RAN2: definition of the new RRC parameter simultaneousAckNackAndCQI-R11. 
· RAN4: it is possible that new ACK missed detection and CSI performance requirements may be required.    
3. Conclusion

This contribution discussed the motivation and design details for multiplexing a periodic CSI report and multi-cell HARQ-ACK on PUCCH. Noting that this solution does not solve the fundamental problem of uplink control signalling targeting future heterogeneous networks or larger scale CA, we propose to:
· Introduce simultaneous transmission of multi-cell HARQ-ACK and a single periodic CSI report on PUCCH with the least specification impact. 

· A UE is configured for simultaneous transmission by a new RRC parameter simultaneousAckNackAndCQI-R11.
· Joint encoding of CSI and HARQ-ACK is used for simultaneous transmission on PUCCH Format 3.
· Multiplexing of CSI and HARQ-ACK on PUCCH Format 3 is not supported when the UE is configured for HARQ-ACK feedback using Format 1b with channel selection. 
· If there is a limitation on the supportable UCI payload (i.e. less than 21 bits) it is not preferred to bundle HARQ-ACK bits for the purpose of transmitting both HARQ-ACK and CSI bits. It is recommended to further study the following alternatives

· Drop CSI and transmit only HARQ-ACK on PUCCH as in Rel-10.
· Prioritize RI and/or wideband CQI/PMI.

· Leave to eNB implementation to determine the periodic CSI reporting configuration that matches the supportable payload.
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