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1 Introduction

In Rel.10, the selection of a PUSCH for UCI multiplexing is mostly arbitrary as it is based on the cell_ID [1] which is obviously irrelevant to the short-term channel conditions the PUSCH experiences or to the PUSCH resources available for UCI multiplexing. Moreover, at least for intra-band operation with practical load balancing among cells, there is no meaningful difference between the long-term channel conditions a UE experiences in the different configured cells. Additionally, the default prioritization of PUSCH transmissions in the UL primary cell for UCI multiplexing may often lead to situations where the PUSCH resources are not adequate to ensure the HARQ-ACK reliability targets and, due to puncturing losses, data HARQ retransmissions are highly likely. For example, with DL CA in TDD, the maximum available resources for HARQ-ACK multiplexing in SPS PUSCH may not be sufficient and the puncturing losses from multiplexing HARQ-ACK and possibly other UCI in the PUSCH will almost certainly require HARQ retransmissions for the SPS data.
Rel.10 also fails to protect the HARQ-ACK transmission in a PUSCH in case of FDD with DL CA in the same manner Rel.8 protects it in case of TDD. In Rel.8, a DAI is included in an UL scheduling grant (UL SG) to indicate to a UE that the NodeB expects it to include HARQ-ACK information in the respective PUSCH. This is because the UL SG may be transmitted in a different subframe than the DL SA and the events of the UE missing the DL SA and the UL SG cannot be assumed to be strongly correlated (e.g. the UE can miss the DL SA but receive the UL SG). However, for DL CA and FDD, no protection against errors resulting from a UE receiving the UL SA in one cell and missing the DL SA in another cell was provided despite the fact that it is more needed than in Rel.8 TDD since channel correlation or interference correlation in the cell-domain cannot even be assumed in some cases while some channel correlation or interference correlation in the time-domain always exists (for TDD with or without DL CA, the presence of the DAI in UL SAs always provides such protection).

This contribution reviews the above design issues of Rel.10 and considers remedies of minimal impact.  
2 HARQ-ACK Reliability in PUSCH
In the PUSCH, the HARQ-ACK transmission power follows the power control applied to the data transmission power. The power adjustments according to the HARQ-ACK payload for transmission in the PUCCH are traded-off for adjustments in the number of REs for transmission in the PUSCH with the number of HARQ-ACK REs being directly proportional to the HARQ-ACK payload. Although the impact of the HARQ-ACK coding rate as a function of the HARQ-ACK payload should also be considered for accurate derivation of the required HARQ-ACK REs, this was not incorporated in Rel.10. Instead, for simplicity, some approximations were considered and the number of PUSCH REs for HARQ-ACK multiplexing is practically always overestimated in case of CA, both for FDD and for TDD.

Regardless of whether the HARQ-ACK REs in the PUSCH are overestimated or not, a minimum value is needed to ensure the HARQ-ACK reception reliability targets which is solely determined by the HARQ-ACK payload (and the HARQ-ACK code rate for a given payload) and by the SINR as this is reflected in spectral efficiency of the PUSCH transmission through the respective data MCS. The dependence on the data MCS is converted to the dependence on the number of data code blocks, the number of data bits in each code block, the size of the initial PUSCH transmission and on the 
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 value which decouples the data operating BLER from the HARQ-ACK target BLER.
Figure 1 presents the number of required HARQ-ACK REs per PUSCH symbol as a function of the PUSCH SINR for various HARQ-ACK payloads using the Rel.10 RM coding method (single RM code or dual RM code). Realistic channel estimation is assumed. This evaluation is independent of any assumptions for the data MCS or the data operating BLER. 
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Figure 1: Number of PUSCH REs in each of 4 DFT-S-OFDM Symbols for various HARQ-ACK Payloads.

Depending on the operating SINR and the PUSCH PRB allocation size, the number of HARQ-ACK REs required to meet the HARQ-ACK reception reliability targets may range from more than the ones available in 4 DFT-S-OFDM symbols (e.g. HARQ-ACK payload of 16 bits, 2 PRBs, SINR < 0 dB), to a small portion, such as 10%, of the 4 DFT-S-OFDM symbols around the RS (e.g. HARQ-ACK payload of 10 bits, 10 PRBs, SINR of -1 dB). 
Even without accounting for additional performance margins introduced in RAN4, it is observed that the number of REs in the maximum of 4 DFT-S-OFDM PUSCH symbols may often not suffice for achieving the HARQ-ACK reception reliability targets. For example, for DL heavy traffic where the UL transmissions mostly consist of TCP ACKs or for SPS PUSCH transmissions, the maximum number of available REs, which was designed in Rel.8 to accommodate up to 4 HARQ-ACK bits (1 PRB PUSCH at ~5% geometry CDF) will clearly not suffice for the HARQ-ACK payloads with CA, especially for TDD. 
Semi-static configuration of HARQ-ACK bundling is not applicable in the above case as the number of PRBs for a PUSCH transmission is dynamically determined. For example, a UE conveying 16 HARQ-ACK bits and experiencing an SINR of -2 dB for its PUSCH transmission can meet the HARQ-ACK reception reliability targets when its PUSCH allocation is 4 or more PRBs but it cannot do so when its PUSCH allocation is 1 or 2 PRBs. 
Both the eNodeB and the UE can be aware when the maximum number of REs available for HARQ-ACK multiplexing is smaller than the number of REs required for achieving the HARQ-ACK reception reliability targets. Two, possibly complementary, approaches for avoiding a failure to meet the HARQ-ACK reliability targets are: 
a) The UE applies HARQ-ACK bundling (in the spatial domain and possibly in the time domain if needed) so that the eNodeB can obtain reliable HARQ-ACK feedback. Despite losing some HARQ-ACK information with bundling, it is obviously preferable for the system to operate with (bundled) HARQ-ACK information that is reliable than with (unbundled) HARQ-ACK information that is unreliable. The necessary specifications are trivial and the implementation can be the same as when bundling is dynamically in TDD applied depending on whether or not the HARQ-ACK payload exceeds 20 bits.
b) The UE transmits HARQ-ACK in more than the 4 DFT-S-OFDM symbols used in Rel.10 in order to achieve the HARQ-ACK reception reliability targets. This HARQ-ACK resource expansion can allow reliable transmission of all HARQ-ACK information bits while reducing or avoiding HARQ-ACK bundling. 
3 UL DAI for FDD with CA
In Rel-8 FDD, the same sub-frame carries the transmission of the PDCCH scheduling PDSCH (DL SA) and of the PDCCH scheduling the PUSCH (UL SG) where the HARQ-ACK in response to the PDSCH reception is to be multiplexed. For this reason, it was not deemed necessary to include an DAI in UL SGs to indicate whether a UE should include HARQ-ACK in the PUSCH because, when it misses the DL SA, it is highly likely (in practice) to also miss the UL SG in the same sub-frame of the same cell (hence, DTX is conditioned on the DL SA miss and the UL SG reception which has a low combined probability). 

The above operational condition is not applicable with CA as an UL SG may be transmitted in a cell without DL SA (hence, any correlation between a DL SA miss and an UL SG miss may not even exist). This is exactly analogous to Rel-8 TDD operation where a DAI is included in UL SGs to account, for example, for the event an UL SG is received in the last sub-frame of the bundling window, a DL SA in the last sub-frame in the bundling window does not exist, and one or more DL SAs in previous sub-frames in the bundling window were missed. In fact, as the channel and interference correlation among cells is typically much smaller (or even non-existent) than among consecutive sub-frames of the same cell (this is the reason for supporting time-domain bundling instead of cell-domain bundling for DL CA), the requirement to include a DAI in UL SGs with CA is substantially stronger than the one in Rel.8 TDD.

Since for CA with FDD the HARQ-ACK payload is semi-statically determined based on the number of configured cells and the configured TM per cell, its indication by the DAI in UL SGs is not needed. Therefore, a 1-bit DAI in UL SGs indicating whether or not the UE should include HARQ-ACK in its PUSCH is sufficient. However, it is also worth considering inclusion of a 2-bit DAI in UL SGs in order to have common HARQ-ACK multiplexing in the PUSCH between FDD and TDD in case of CA. 
The necessary specifications are trivial. In TS 36.212 [2], in addition to TDD, the UL DAI should exist in DCI format 0 and DCI format 4 for FDD with CA. The implementation is the same as for TDD.

4 Conclusions

This contribution considered enhancements to the HARQ-ACK multiplexing in a PUSCH in case of DL CA and suggests the following: 
a) If the number of PUSCH REs required for HARQ-ACK multiplexing is smaller than the maximum number of PUSCH REs available for HARQ-ACK multiplexing, the UE applies HARQ-ACK bundling and/or multiplexes HARQ-ACK information in more than 4 DFT-S-OFDM symbols.
b) For CA in FDD, a 1-bit or a 2-bit DAI is included in each PDCCH scheduling a PUSCH to indicate whether the UE should multiplex HARQ-ACK in the PUSCH.
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