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1 Introduction

The maximum number of REs for HARQ-ACK multiplexing in a PUSCH is constrained to be the one available in the two subframe symbols next to the RS in each slot. This legacy design was determined in Rel.8 under the objective of achieving the HARQ-ACK reception reliability requirements for the Rel.8 maximum payload (4 HARQ-ACK bits in TDD systems), PUSCH transmissions in 1 RB, and at the 5% UE geometry CDF (around -6 dB for the cases considered in Rel.8). 

With DL CA, the maximum HARQ-ACK payloads can be substantially larger than for single cell operation. In Rel.10, the focus of the studies on the fulfillment of the HARQ-ACK reception reliability requirements was the PUCCH where, due to design and required SINR considerations, it was deemed necessary to perform HARQ-ACK spatial domain bundling when the payload is above 20 bits. The same rule was applied for HARQ-ACK transmission in the PUSCH. Moreover, additional reductions for the HARQ-ACK payload through bundling are considered in Rel.11 as the SINR required for the reliable support of payloads larger than 10 bits is not available to the large majority of UEs for typical UL geometry distributions. 

This contribution is a revised resubmission of R1-114210 and considers the HARQ-ACK reception reliability in the PUSCH for UEs with DL CA having low UL SINR and respective small PUSCH RB allocations.  
2 HARQ-ACK Reliability in PUSCH
The HARQ-ACK transmission power in a PUSCH follows the transmission power applied to the data. 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. However, although only 
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 provides a limitation for HARQ-ACK reception reliability in a PUCCH, both 
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 and the number of available REs provide such limitation in a PUSCH.  

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 a 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 RB 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, PUSCH of 2 RBs, and 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, PUSCH of 10 RBs, and 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 RB 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 RBs 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 RBs but it cannot do so when its PUSCH allocation is 1 or 2 RBs. 
Both the eNodeB and the UE always have the same understanding when the maximum number of REs available for HARQ-ACK transmission in a PUSCH 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) If the number of required HARQ-ACK REs a UE computes using the Rel.10 formula [1] exceeds the available REs, the UE applies HARQ-ACK bundling (at least in the spatial domain). The associated specification complexity is trivial and the implementation is the same as when spatial domain bundling is dynamically 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. This HARQ-ACK resource expansion can reduce or avoid HARQ-ACK bundling at the expense of additional PUSCH REs. 
The trade-off analysis for the above approaches is straightforward. 
The first approach has trivial specification impact, requires only RAN1 involvement (no new signaling or performance evaluation is needed), has no backward compatibility issue, and does not introduce additional complexity as HARQ-ACK spatial-domain bundling is already a UE capability in case of CA. 
The second approach has modest specification impact, may need RAN4 involvement, has no backward compatibility issue, and requires some modifications in the HARQ-ACK multiplexing in the PUSCH. 
3 Conclusions

This contribution considered the reliability of HARQ-ACK transmission in a PUSCH in case of DL CA when the required number of REs exceeds the number of available REs. 
Proposal: If a UE determines that the number of PUSCH REs required for HARQ-ACK transmission is larger than the maximum number of available PUSCH REs, the UE applies HARQ-ACK bundling and/or multiplexes HARQ-ACK information in more than 4 DFT-S-OFDM symbols.
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