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1 Introduction

Enhanced CA (eCA) requires support for larger HARQ-ACK payloads than legacy CA due to the larger number of DL cells. Support for large HARQ-ACK payloads by a UE requires sufficient UL SINR to meet BLER requirements. For HARQ-ACK transmission in a PUSCH, there is an additional constraint on the number of available REs as Rel-12 supports HARQ-ACK multiplexing only in subframe symbols next to the DMRS in each slot. 

This contribution considers aspects for HARQ-ACK multiplexing in the PUSCH for eCA.

2 HARQ-ACK Multiplexing in PUSCH
Assuming HARQ-ACK multiplexing in a PUSCH according to Rel-12 and further assuming (for reference) a new PUCCH format having the PUSCH structure (same arguments can apply for other new PUCCH format candidate structures), additional SINR is required for HARQ-ACK multiplexing in a PUSCH over 1 PRB pair relative to PUCCH because HARQ-ACK is transmitted in 3 times less subframe symbols than in the PUCCH. Moreover, for small allocation of PRB pairs, such as 5 or less PRB pairs, the smaller number of REs available for HARQ-ACK multiplexing in a PUSCH results can result a relatively high code rate and further increase SINR requirements.

Potential RE shortage for HARQ-ACK multiplexing in a PUSCH can be solved by an eNB dynamically assigning, for a given data MCS, a sufficiently large number of PRB pairs for a PUSCH transmission. For legacy CA operation, it is generally feasible to support a PUSCH power increase associated with larger allocations of PRB pairs while achieving a desired PSD per RE as the maximum HARQ-ACK payload is 22 bits. Nevertheless, even for legacy CA operation, the number of available REs may not suffice when a UE experiences small UL SINR as a required power boosting may not be possible. Moreover, for certain types of PUSCH transmissions, such as SPS PUSCH, non-adaptive PUSCH retransmissions, or PUSCH conveying small data TBs such as TPC ACKs, it may not be advantageous to transmit an UL DCI format and/or to increase a number of allocated PRB pairs. 
In eCA, a larger number of PRB pairs needs to be allocated to a PUSCH transmission that experiences a small or moderate SINR in order to provide a sufficient number of REs for HARQ-ACK multiplexing. Although an eNB scheduler can avoid scheduling PUSCH to a UE with low SINR when the UE needs to transmit HARQ-ACK, this is not possible for SPS PUSCH or for PUSCH retransmissions on a licensed carrier. Figure 1 shows the number of required PUSCH PRB pairs as a function of the UL SINR for various HARQ-ACK payloads. For SINRs below 0 dB it may not be possible for a UE to perform the necessary power boosting in order to maintain a target PSD per RE. 
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Figure 1: Required number of PUSCH PRB pairs for various UL SINRs as a function of HARQ-ACK payload.
Several alternatives can be considered to address the inability of a UE experiencing a low SINR to multiplex relatively large HARQ-ACK payloads in a PUSCH.

A first alternative is for the UE to drop the PUSCH and transmit HARQ-ACK in the PUCCH. This approach allows for specification and implementation simplicity. It is assumed that simultaneous PUSCH and PUCCH transmissions do not apply in this case; otherwise, due to Rel-12 power prioritization rules, PUSCH is again dropped.
A second alternative is to enable cell domain and/or time domain HARQ-ACK bundling [1]. This approach allows for PUSCH to be transmitted but requires specification and implementation support and penalizes DL throughput.
A third alternative is to use similar multiplexing for HARQ-ACK in the PUSCH as in the PUCCH in case a new PUCCH format with the PUSCH structure is defined. This can allow HARQ-ACK multiplexing over all subframe symbols in a PUSCH transmission and enables more REs to be used for HARQ-ACK transmission (data transmission can benefit from HARQ). 

The above alternatives are not mutually exclusive. For example, for a power limited UE, such as an indoor UE receiving PDSCHs from indoor cells (small path-loss, unlicensed carriers) but transmitting PUCCH to a macro-cell (PCell, large path-loss, licensed carrier), HARQ-ACK bundling can be a general requirement. For example, even with HARQ-ACK multiplexing over all subframe symbols of a PUSCH, HARQ-ACK bundling can be necessary in order to allow sufficient REs for data transmission as a respective PRB allocation is likely to be small for UEs with low SINRs or for UE having small data TBs such as for SPS PUSCH, TCP-ACKs, etc.  
Proposal 1: Consider the alternatives of dropping a PUSCH when a number of REs for HARQ-ACK multiplexing is not sufficient, of cell domain and/or time domain HARQ-ACK bundling, and of using similar HARQ-ACK multiplexing in a PUCCH with the PUSCH structure (if applicable) and in the PUSCH.
3 PUSCH Selection for HARQ-ACK Multiplexing

In Rel-12, for a UE having multiple PUSCH transmissions in respective cells in a subframe, the PUSCH for HARQ-ACK multiplexing is the one transmitted in the cell with the lowest index. This selection is arbitrary as it does not consider transmission characteristics, such as the number of required REs for HARQ-ACK multiplexing, the data MCS, the UE SINR in the respective cell, etc. 

For Rel-10 CA, the HARQ-ACK payloads were much smaller than the for Rel-13 eCA, UL CA was not typical, and a random selection of a PUSCH to multiplex HARQ-ACK was deemed functional. For eCA operation, this is no longer the case and a random PUSCH selection for HARQ-ACK multiplexing can often lead to detrimental effects such as an inability to guarantee a target BLER for HARQ-ACK, PUSCH suspension, unnecessary HARQ-ACK bundling, excessive data puncturing, etc. Possible scenarios are again SPS PUSCH, non-adaptive PUSCH retransmission, transmission of small data TBs, PUSCH transmission to a cell where the UE experiences low SINR (such as s macro-cell), etc.   

In eCA, the selection of a PUSCH to multiplex HARQ-ACK should consider metrics that can provide robustness for the HARQ-ACK transmission. Possible metrics can be the minimum number of required REs for HARQ-ACK multiplexing, the minimum ratio of the number of required REs for HARQ-ACK multiplexing over the total number of PUSCH REs or, in general, any metric that can ensure HARQ-ACK reliability while minimizing the impact on the data from multiplexing large HARQ-ACK payloads in the respective PUSCH. 

Although adverse effects from simultaneous HARQ-ACK and data transmissions in a subframe, such as suspension of data transmission, HARQ-ACK bundling, etc., cannot be always avoided (e.g. they cannot be avoided in case of a single PUSCH transmission from a UE experiencing a low SINR), the existence of multiple PUSCH transmissions that can be likely by UEs configured for eCA operation can alleviate such effects by providing an increased likelihood to select a PUSCH experiencing favorable channel conditions. In this manner, a type of cell selection diversity for HARQ-ACK transmission can be achieved and it can facilitate HARQ-ACK multiplexing in a PUSCH.
Proposal 2: For eCA, PUSCH selection for HARQ-ACK multiplexing should improve HARQ-ACK reliability and minimize adverse effects from HARQ-ACK multiplexing in a PUSCH by utilizing cell selection diversity.

4 Conclusions

This contribution considered HARQ-ACK multiplexing in a PUSCH. In particular, the following are proposed.

Proposal 1: Consider the alternatives of dropping a PUSCH when a number of REs for HARQ-ACK multiplexing is not sufficient, of cell domain and/or time domain HARQ-ACK bundling, and of using similar HARQ-ACK multiplexing in a PUCCH with the PUSCH structure (if applicable) and in the PUSCH.

Proposal 2: For eCA, PUSCH selection for HARQ-ACK multiplexing should improve HARQ-ACK reliability and minimize adverse effects from HARQ-ACK multiplexing in a PUSCH by utilizing cell selection diversity.

References:

[1] R1-154116, “HARQ-ACK Coverage Enhancements” Samsung
PAGE  
3

