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1 Introduction

This contribution considers the following issues:

a) Use of DAI or UL index in UL DCI formats when TDD UL-DL configuration 0 is the fallback (non-eIMTA) configuration [1]
b) PUSCH resource limitation issues for UCI multiplexing
c) Ordering of HARQ-ACK information in PUSCH
2 Issues with UCI multiplexing in PUSCH for eIMTA
2.1 Availability of UL DAI with TDD UL-DL Configuration 0 
In [1], the following alternatives were identified regarding the presence of a DAI or an UL index in an UL DCI format:

Alternative 1: UL index is used when TDD UL-DL configuration 0 is used for non-eIMTA operation (same used as UL-reference TDD UL-DL configuration). 


Alternative 2-1: DAI is used in all subframes for all adapted TDD UL-DL configurations other than TDD UL-DL configuration #0 assuming predefined subframe-specific UL index values.

 
Alternative 2-2: DAI is used in all subframes for all adapted TDD UL-DL configurations other than TDD UL-DL configuration #0 and #6 assuming predefined subframe-specific UL index values.

Alternative 2-3: DAI or UL index is used depending on the DL/Special subframe index; DAI is used in subframes #1 and #6 (with UL index value always set to 01) and UL index is used in subframes #0 and #5.

Alternative 3: Introduce 2 more bits in UL DCI formats so that both DAI and UL index simultaneously exist. 

Before directly comparing the alternatives, the consequences of not having a DAI are discussed. These consequences can be immediately identified by the functionalities the DAI field in an UL DCI format provides. A first functionality is to dimension the REs used for HARQ-ACK multiplexing according to an actual payload that needs to be reported and not according to the maximum payload. This has a direct impact on the UL overhead but it can also have an impact on the HARQ-ACK detection reliability as it is subsequently discussed. The impact on the overhead is an obvious one. As eIMTA can trade-off DL and UL resources, unnecessarily increasing UL overhead can decrease either DL throughput or UL throughput. An additional consequence of not having a DAI field in UL DCI formats is the absence of current support for HARQ-ACK DTX detection in the PUSCH, especially when PUCCH Format 3 is configured. This can have a serious impact on the overall operation and require frequent use of higher layer ARQ. 

Due to the above reasons, it is essential to maintain the conventional DAI functionality in eIMTA regardless of what the fallback TDD UL-DL configuration is. In principle, there is no reason why a choice of the fallback TDD UL-DL configuration should affect the functionalities of DAI in eIMTA. Therefore, Alternative 1 is not further considered.

All other alternatives allow for existence of a DAI field in UL DCI formats and can therefore be further considered. Alternatives 2-1 and 2-2 are prone to missed detections of DCI format 1C with eIMTA-RNTI but the probability of such event is negligible for the majority of UEs and therefore it will not affect on throughput. Alternatives 2-1 and 2-2 also incur some scheduling restrictions for some adapted TDD UL-DL configurations. Overall, when compared to the availability of DAI functionality, these tradeoffs are acceptable.     
Alternative 2-3 is an efficient solution that avoids the shortcomings of Alternatives 2-1 and 2-2 at the expense of some specification impact. Nevertheless, such impact may be generally needed as the DAI field in an UL DCI format is not useful if the PUSCH is not transmitted in a subframe where HARQ-ACK is transmitted and, compared to the overall specification needed to support eIMTA, it is negligible. Therefore, Alternative 2-3 is also acceptable.
Alternative 3 resolves all issues but requires modification of UL DCI formats for eIMTA, including DCI format 1A (one additional padding bit is usually needed) and only 2 of the total of 4 bits are useful at a given scheduling instance. Although each of the Alternatives 2-x has its own tradeoffs, these tradeoffs are all preferable to the one of Alternative 3. 
Alternative 3-1: A variation of Alternative 3 avoids modifying UL DCI formats for eIMTA but achieves, to some extent, the objectives of Alternative 3 by dividing the current 2-bit DAI or UL index field, into two fields of 1-bit that, respectively, serve as both UL index and DAI (when TDD UL-DL configuration 0 is the legacy one). Depending on the value of the 1-bit serving as UL index, all UL subframes are schedulable by transmitting two PDCCHs (PDCCH overhead is not an issue in scenarios where eIMTA is useful and is anyway already needed for TDD UL-DL configuration 0 as the two UL subframes can be associated with different UL power control processes). DTX support on PUSCH is also not an issue. Moreover, although total HARQ-ACK overhead can be worse than in alternatives relying on a 2-bit DAI field, it does not always have to be the maximum one. Therefore, Alternative 3-1 can also be acceptable.  
Proposal 1: Adopt one of the Alternatives 2-1, 2-2, 2-3, or 3-1 for the existence of UL index field or DAI field in UL DCI formats for a UE configured with eIMTA. Additionally, the value of the DAI field in a DCI format scheduling PUSCH in an UL subframe where a UE does not transmit HARQ-ACK can be set to zero.
2.2 PUSCH Resource Requirements for UCI Multiplexing
UCI payload requirements in a PUSCH can be substantially increased with eIMTA compared to legacy operation. One reason is the likely use of TDD UL-DL configuration 5 as DL HARQ reference configuration. Another possible source of increased UCI payload can occur if two A-CSI reports, corresponding to the first and second DL subframe sets, are supported for TM1-9. Considering that UCI (other than A-CSI) multiplexing can occur only in SF#2 (for DL-reference TDD UL-DL configuration 5) and further considering that SPS PUSCH or (likely) PUSCH conveying TCP-ACKs is also transmitted in SF#2 and is typically allocated a few RBs, the problem of supporting a substantially increased UCI payload, especially in conjunction with DL CA, becomes evident especially for UEs that do not have high SINRs.

In [2], it is shown that the REs required for multiplexing HARQ-ACK bits in a PUSCH can easily exceed 2 RBs and reach as many as 6-8 RBs even for as few as 10 HARQ-ACK bits. This implies around 15 RBs for 20 HARQ-ACK bits. For this reason, and as the Rel-8 formula for determining HARQ-ACK resources in a PUSCH failed to captured the RM coding gains (it assumes repetition coding), a new lowest value of 1.0 was introduced for 
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, a sufficient number of PUSCH REs does not exist for HARQ-ACK payloads around 10 bits or above (as it is very likely in TDD especially for DL configuration 5 and without an UL DAI), for SINRs below 0 dB and for PUSCH allocations below 4-6 RBs (or ~10 RBs for 20 HARQ-ACK bits). 

The typical solution when a nominal HARQ-ACK payload becomes larger than can be supported in allocated resources is to perform bundling. Spatial domain bundling should be performed whenever the number of required REs for HARQ-ACK multiplexing, as determined in [3], exceeds the number of available PUSCH REs for HARQ-ACK multiplexing. 

Proposal 2: A UE performs HARQ-ACK spatial-domain bundling when the number of REs for multiplexing a nominal HARQ-ACK payload exceeds the number of available REs for a PUSCH transmission.
2.3 HARQ-ACK Ordering for Multiplexing in PUSCH
For PUCCH Format 1b with channel selection, the ordering of HARQ-ACK bits as a function of the DL/special subframes in the L1 signaled TDD UL-DL configuration and the DL/special subframes in the higher layer signaled legacy TDD UL-DL configuration is discussed in [4]. 
One aspect to clarify, although a decision does not need to be made (Rel-11 specifications are sufficient), is whether the same ordering is followed HARQ-ACK information in the PUSCH. As there is no reason to change that ordering, it is assumed applicable in the PUSCH, regardless of the format used for HARQ-ACK transmission in the PUCCH. 

Proposal 3: For HARQ-ACK transmission in a PUSCH, the order of HARQ-ACK information bits follows the same order as for the PUCCH.
3 Conclusions

This contribution considered issues related to UCI multiplexing in a PUSCH for a UE configured for eIMTA operation. In particular, the following are proposed.
Proposal 1: Adopt one of the Alternatives 2-1, 2-2, 2-3, or 3-1 for the existence of UL index field or DAI field in UL DCI formats for a UE configured with eIMTA. Additionally, the value of the DAI field in a DCI format scheduling PUSCH in an UL subframe where a UE does not transmit HARQ-ACK can be set to zero.

Proposal 2: A UE performs HARQ-ACK spatial-domain bundling when the number of REs for multiplexing a nominal HARQ-ACK payload exceeds the number of available REs for a PUSCH transmission.
Proposal 3: For HARQ-ACK transmission in a PUSCH, the order of HARQ-ACK information bits follows the same order as for the PUCCH.
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