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1. Introduction

DL performance degradation could occur for a UE configured for carrier aggregation (CA) when periodic CSI reports are dropped due to frequent collisions with multi-cell HARQ-ACK feedback. The performance loss due to dropping CSI reports is a function of the UE speed, the PUCCH mode and the availability of aperiodic CSI reports to compensate for dropped periodic CSI reports (see e.g. [1] – [3]. Consequently, to improve DL performance, it was agreed at the RAN1 #68bis meeting that:

· 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

Building on this agreed framework, this contribution considers outstanding details that need to be finalized to enable complete specification of simultaneous transmission of HARQ-ACK and CSI on PUCCH Format 3 in Rel-11. 
2. Multiplexing CSI and HARQ-ACK on PUCCH Format 3
2.1. Joint versus separate encoding

There are two possible encoding methods for multiplexing CSI and HARQ-ACK on PUCCH Format 3, hereafter referred to as joint and separate encoding. For joint encoding, the CSI and HARQ-ACK bits are concatenated and jointly encoded as shown in Figure 1(a). 
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Figure 1 (a) Joint and (b) separate encoding of CSI and HARQ-ACK
One advantage of joint encoding is that after 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, as in Rel-10 design, selection of single- or dual-RM encoders is a function of the total payload size. The main limitation of this scheme is that the HARQ-ACK performance metrics including the ACK missed detection, NAK-to-ACK and DTX-to-ACK cannot be optimized by lowering the HARQ-ACK coding rate i.e. trading off coded HARQ-ACK bits with coded CSI bits (rate matching for unequal error protection).

The separate encoding scheme is illustrated in Figure 1(b), wherein the HARQ-ACK and CSI bits are independently encoded on each branch of a dual (32, O) RM encoder. In contrast to joint encoding, unequal error protection can be provided to HARQ-ACK and CSI based on their respective performance requirements. For instance, separate encoding allows rate matching configurations that prioritize HARQ-ACK performance by configuring a positive value for δ in Figure 1(b). It was shown in [4] using BLER/BER metrics that up to 1 dB performance gain can be achieved for separate encoding compared to joint encoding when the CSI payload is larger than the HARQ-ACK payload. Subsequent results in [5] showed that by using the RAN4 HARQ-ACK/CSI performance metrics, separate encoding out-performed joint encoding by ~0.68 dB when averaged out over a range of Rel-11 (at most 2 serving cells) HARQ-ACK/CSI payloads. This performance gain should be weighed against several drawbacks including:

1) Different rate matching configurations characterized by δ are required for each combination of HARQ-ACK/CSI payloads, UE speed and, possibly, channel profile. 
2) The Rel-10 PUCCH Format 3 interleaver design has to be modified since the number of coded bits on each encoder branch is no longer equal.
3) The dual-RM structure is always utilized even for relatively small aggregate payloads. For example, for 2 configured serving cells and either a rank indicator (RI) or wideband CQI report, the payload size is at most 7 or 8 bits respectively.
The specification impact should also be considered particularly at this stage of the specification work. For RAN1, the number of rate matching configurations needs to be specified. Secondly, it should be clarified whether the rate matching configuration is semi-statically configured or if it is based on a pre-determined rule.

It was observed in [6] that without rate matching (i.e. δ = 0) the separate encoding scheme out-performed joint encoding when the HARQ-ACK payload was smaller than the CSI payload. Conversely, joint encoding out-performed separate encoding for a larger HARQ-ACK payload. Therefore, it was proposed in [6] to support both encoding schemes depending on the relative payload sizes. However, this means that both schemes are supported which is not preferable based on the impact to the specifications, testing and implementation.
Proposal 1: 
· HARQ-ACK and CSI bits are jointly encoded using the RM encoding structure. 

· Subsequent bit/symbol processing and mapping to physical resources follows the Rel-10 PUCCH Format 3 design.

2.2. Resource Allocation

Following the Rel-10 resource allocation rule, the UE can transmit the encoded UCI on the HARQ-ACK PUCCH resource that is indicated by the ARI conveyed in the TPC field of the detected 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. 
2.3. Partial CSI feedback versus HARQ-ACK bundling

Up to 22 information bits (10 A/N +1 SR +11 CSI) can be transmitted using the PUCCH Format 3 dual-RM structure. Since such large payloads require a high received UL SINR, 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, it was suggested in [7] to configure a UE for either A/N bundling or partial CSI feedback in order to satisfy a desired maximum PUCCH payload. In our view the PUCCH enhancement should strive to maintain at least the same HARQ-ACK performance achievable in Rel-10 with/without a concurrent CSI report. Secondly, it is up to the eNB to determine whether a particular UE is a good candidate for simultaneous transmission of CSI and HARQ-ACK on PUCCH Format 3. Otherwise, the UE shall follow the Rel-10 rules for CSI/HARQ-ACK collision.
Proposal 2: 
· If the combined CSI + HARQ-ACK payload is greater than 22 bits, drop the CSI bits and transmit HARQ-ACK bits on PUCCH format 3.
2.4. Specification Aspects
For a legacy 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. 
Furthermore, when simultaneousAckNackAndCQI-R11 is set to TRUE for a TDD UE that is configured for single cell operation, it should be possible to configure the UE to simultaneously transmit periodic 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 as follows:

· 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 considered outstanding design details needed to fully specify simultaneous transmission of a periodic CSI report with multi-cell HARQ-ACK on PUCCH format 3. Based on our analysis we recommend:
· A UE is configured for simultaneous transmission of CSI and multi-cell HARQ-ACK by a new RRC parameter simultaneousAckNackAndCQI-R11. 
· The PUCCH Format 3 resource, as indicated by the ARI of a detected PDCCH, is used to transmit the CSI + HARQ-ACK payload.
· When simultaneousAckNackAndCQI-R11 is TRUE and for a TDD UE that is configured for single cell operation, it should be possible to simultaneously transmit periodic CSI and HARQ-ACK on PUCCH Format 3 when the value of the DAI in a detected PDCCH is greater than 1.
· HARQ-ACK and CSI bits are jointly encoded using the (32, O) single- or dual-RM encoder. 

· Subsequent bit/symbol processing and mapping to physical resources follows the Rel-10 PUCCH Format 3 design.

· If the combined CSI + HARQ-ACK payload is greater than 22 bits, drop the CSI bits and transmit HARQ-ACK bits on PUCCH format 3.
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