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1 Introduction

In RAN1#74 it was agreed that DL HARQ timing follows a RRC configured TDD UL-DL configuration with configurations 2 and 5 identified as mandatory. It was also agreed that UL HARQ timing follows either a separately RRC configured TDD UL-DL configuration or the SIB1-signaled configuration and TDD UL-DL configuration 0 is a likely configuration. 
This contribution considers the implications of the above decisions on the UCI payload in the PUCCH and the PUSCH.

2 UCI Payload in PUCCH and PUSCH
The DL HARQ reference TDD UL-DL configuration used for determining the HARQ-ACK transmission timing by a UE can also be used to determine the HARQ-ACK payload. This means that in order to primarily avoid a UE/NodeB transmitter/receiver complexity from re-determining the HARQ-ACK transmission payload after each reconfiguration, and also avoid any (marginal) impact from a missed detection of the PDCCH conveying the adapted TDD UL-DL configuration, the HARQ-ACK payload can be the one for the DL HARQ reference TDD UL-DL configuration. 
Similar to CA, as the DL HARQ reference configuration includes the same or more DL subframes than the actual configuration, the UE can include NACK/DTX information (according to the configured PDSCH transmission mode) for any DL subframe where it did not detect a PDCCH scheduling a PDSCH (or a PDCCH for a SPS release). For DL subframes that are in the reference configuration but are not in the actual configuration, the NodeB expects the NACK/DTX and therefore the detection reliability of the PUCCH conveying the HARQ-ACK information is not meaningfully impacted.
TDD UL-DL configuration 5 is highly likely to be used as the DL HARQ reference one as it allows maximum flexibility in the adaptation of the actual TDD UL-DL configuration, thereby maximizing the throughput gains from eIMTA. Moreover, a DL CA capable UE can use PUCCH Format 3 when it determines the HARQ-ACK payload according to TDD UL-DL configuration 5. This allows a UE to transmit HARQ-ACK information without time domain bundling, thereby preserving all or most (in case of spatial domain bundling) DL throughput from eIMTA. 

Although the existing PUCCH Format 3 provides a large enough container for HARQ-ACK information in typical Rel-11 use cases, it can experience limitations in case of eIMTA. Considering that TDD UL-DL configuration 5 has only one fixed UL subframe, PUCCH format 3 needs to support HARQ-ACK multiplexing from 9 DL subframes. Further considering that eIMTA is typically applicable in small cell environments with fast traffic variations and low mobility UEs, the use of a transmission mode supporting 2 data transport blocks is highly likely. Therefore, the maximum HARQ-ACK payload can be 18 bits. Even though the PUCCH design for HARQ-ACK transmission in Rel-10 DL CA was not optimized for TDD configuration 5, this is necessary for eIMTA due to the much higher likelihood of using this configuration as a reference one for DL HARQ (rather than using it as an actual configuration).

A HARQ-ACK payload of 18 bits for eIMTA cannot be supported for all UEs as it requires an SINR of ~0 dB or more (depending on the channel – e.g. [1, 2]) while, due to the increased interference by multiplexing 4 UEs/RB for PUCCH Format 3 (last subframe symbol is assumed to be used for SRS transmission), there are practically no UEs that can achieve SINR above 0 dB (e.g. [1, 3]). Even with 2 UEs/RB or 3 UEs/RB, a majority of UEs will still have SINR below 0 dB. Although BLER can be improved when the actual TDD UL-DL configuration is not configuration 5, as the NodeB can utilize known NACK/DTX information, and HARQ-ACK spatial domain bundling can be used to reduce the SINR requirements, several issues remain. 
In general, as one or more UEs with HARQ-ACK transmission will also need to transmit periodic SRS in the same subframe (as only one UL subframe is available per frame) there is BLER degradation due to the SINR loss and the increased code rate due to puncturing of the last subframe symbol. Periodic CSI will also need to be transmitted in the same subframe and will be multiplexed with HARQ-ACK in PUCCH Format 3. For eIMTA, the periodic CSI can include not only the conventional CSI but also the second CSI/IMR for some of the flexible DL subframes that do not have the same DL dominant interference as a fixed DL subframe. Then, even with HARQ-ACK spatial domain bundling, the total UCI payload in PUCCH Format 3 can approach or exceed 20 bits and the desired detection reliability may not be supportable for a majority of UEs. Finally, in case of DL CA, the total UCI payload in PUCCH Format 3 will exceed 22 bits even if the second TDD cell (likely the PCell) operates with a SIB1-signaled TDD UL-DL configuration.

Observation 1: PUCCH Format 3 cannot achieve a desired BLER when multiplexing HARQ-ACK and 2 CSIs, even when always performing HARQ-ACK spatial domain bundling, and cannot support eIMTA with DL CA. 

There are a few options to address the above limitations. A first option is to additionally support HARQ-ACK time domain bundling. This was discussed in Rel-10 but was not adopted as operation with TDD UL-DL configuration 5 was not optimized and HARQ-ACK time domain bundling results to significant DL throughput loss thereby negating a large percentage of the DL throughput gains that can be obtained by eIMTA. A second option is to support a PUCCH format having the PUSCH structure. The multiplexing capacity is then reduced to 1 UE/RB but UCI detection reliability is ensured and support of increasing UCI payloads and of DL CA is provided. 

Proposal 1: A PUCCH format with higher multiplexing capacity than PUCCH Format 3 shall be defined to support multiplexing of HARQ-ACK and of multiple periodic CSIs for eIMTA with or without DL CA.
In addition to the PUCCH, the HARQ-ACK payload in eIMTA can also be an issue for the PUSCH when TDD UL-DL configuration 0 is the fallback configuration when the PDCCH adapting the actual TDD UL-DL configuration is missed by the UE. TDD UL-DL configuration 0 is likely for UL HARQ timing and can result in a UE obtaining maximum power savings as it does not need to decode (E)PDCCHs in flexible subframes for which the UE is anyway unlikely to provide the required CSI/IMR for scheduling as it is unaware of the actual subframe direction (DL or UL). 

A problem with TDD UL-DL configuration 0 is that it does not include an UL DAI. As there is no HARQ-ACK feedback from the UE regarding the detection of the PDCCH informing of the adapted TDD UL-DL configuration and the NodeB has to assume that the UE detected that PDCCH, multiple problems can arise if the UE assumes the respective bits in an UL DCI format as conveying an UL index (in case the assumes TDD UL-DL configuration 0). 
A first problem is that the UE may transmit PUSCH in subframes where it is actually not scheduled and they may even be DL subframes.  A second problem is that the UE will apply a different HARQ-ACK multiplexing in the PUSCH than what is expected by the NodeB. A remedy to the second problem is to assume TDD UL-DL configuration 5 for generating HARQ-ACK information also for the PUSCH but this effectively disables the functionality of the UL DAI and can result to RE requirements beyond the ones that exist in the DFT-S-OFDM symbols next to the UL DMRS (particularly for PUSCH transmissions over few RBs such as for TCP ACKs) [4]. 

Therefore, it is preferable for a UE configured for eIMTA operation that fails to decode the PDCCH adapting the TDD UL-DL configuration to assume that the UL DCI format conveys an UL DAI rather than an UL index. Then, the only error case occurs when the adapted TDD UL-DL configuration is actually configuration 0 but this is not likely and it can be avoided by network implementation without any meaningful issues (e.g. configuration 6 can be used instead of configuration 0). 
Proposal 2: A UE configured for eIMTA operation always assumes that an UL DCI format includes an UL DAI field. 

3 Conclusions

This contribution considered UCI payload issues for transmission in the PUCCH or the PUSCH. In particular, the following are proposed:

Proposal 1: A PUCCH format with higher multiplexing capacity than PUCCH Format 3 shall be defined to support multiplexing of HARQ-ACK and of multiple periodic CSIs for eIMTA with or without DL CA.

Proposal 2: A UE configured for eIMTA operation always assumes that an UL DCI format includes an UL DAI field. 
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