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In Rel-13 feCA WI, larger HARQ-ACK feedback sizes were introduced. To support such larger feedback sizes, new PUCCH Format 4 and 5 were also introduced. In addition, multiplexing such large HARQ-ACK feedbacks in the PUSCH is also allowed [1]:



If HARQ-ACK feedback consists of  bits of information as a result of the aggregation of HARQ-ACK bits corresponding to one or more DL cells with which the UE is configured by higher layers, the coded bit sequence is denoted by . The CRC attachment, channel coding and rate matching of the HARQ-ACK bits are performed according to sections 5.1.1 setting L to 8 bits, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment operation is . The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation.
The same data and control multiplexing procedures from Rel-8 were reused. That is, the coded HARQ-ACK feedback modulation symbols puncture and replace PUSCH modulation symbols. With small HARQ-ACK feedback sizes in Rel-8, performance impact of such puncturing is negligible. 
However, with the large HARQ-ACK feedback sizes needed for multiple component carriers and multiple DL subframes (for LAA or TDD systems), further investigation into the potential impact to PUSCH performance is necessary. 
We present extensive evaluation results and analysis on the issue in this contribution. We further discuss potential solutions in [2].
Performance impact of HARQ-ACK feedback puncturing
We consider one representative HARQ-ACK feedback case to investigate the performance impact to PUSCH. Specifically, 
· We consider carrying the equivalent number of REs in the PUSCH as in a 1-PRB PUCCH Format 4. That is, the 144 REs are carried in the PUSCH by 36 REs each in PUSCH symbol #2, #4, #9, and #11 according to the existing specs.
· We consider 10-interlace (100 PRB) and 1-interlace (10 distributed PRB) PUSCH allocation cases.
· We consider both EVA and AWGN channels.
In Figure 1(a), we provide the transport block error rates (TBLER) of MCS 12—28 with 1-interlace PUSCH allocation without HARQ-ACK feedback puncturing on the EVA channel. In Figure 1(b), we provide the corresponding TBLERs with 144 REs punctured by the HARQ-ACK feedback. It can be observed that 16QAM and 64QAM PUSCH MCSs suffer losses of at least 1 dB. MCS 28 has 100% TBLER and is not useable. 
It should be noted that the HARQ-ACK feedback puncturing of PUSCH modulation symbols is concentrated in a code block. Moreover, the puncturing is on top of the LTE rate matching procedure and can result in puncturing patterns that are detrimental to decoder’s capability to recover the data bits reliably. For some MCSs, the additional puncturing patterns cause unexpected and substantially higher performance losses (e.g., MCS 25). The issue is that the signal is already at high code rate with careful balanced rate matching patterns on the turbo code. The modulation symbol puncturing does not consider the turbo code structure and destroys the finely balanced rate matching patterns.
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(a) without HARQ-ACK feedback puncturing	(b) with HARQ-ACK feedback puncturing
[bookmark: _Ref442185021]Figure 1 Transport block performance of MCS 12—28 with 1-interlace PUSCH allocation. EVA 5km/hr channel is tested.
Summary of the four combinations of 1/10-interlace allocations and EVA/AWGN channels is provided in Figure 2 and Figure 3.
· With 1-interlace allocation, 16QAM and 64QAM PUSCH MCSs suffer losses of at least 1 dB. With 10-interlace allocation, losses are smaller but 64QAM PUSCH MCSs still suffer losses of at least 1 dB.
· The losses are higher for MCSs with higher coding rates. It is expected to see high performance losses when 256QAM MCSs are introduced.
· MCS 28 has 100% TBLER and is not useable. MCS 25 also suffers very high performance losses due to unfavorable additional puncturing patterns.

Observation
The existing data and control multiplexing procedure leads to severe performance losses when a large HARQ-ACK feedback punctures the PUSCH data symbols. 
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(a) 1-interlace PUSCH allocation		(b) 10-interlace PUSCH allocation
[bookmark: _Ref449100210]Figure 2 Transport block performance losses at 10% TBLER of MCS 12—28 with HARQ-ACK feedback puncturing. EVA 5km/hr channel is tested.
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(a) 1-interlace PUSCH allocation		(b) 10-interlace PUSCH allocation
[bookmark: _Ref450730425]Figure 3 Transport block performance losses at 10% TBLER of MCS 12—28 with HARQ-ACK feedback puncturing. AWGN channel is tested.
Conclusion
We present extensive evaluation results for the impact of HARQ-ACK feedback puncturing on PUSCH performance. We made the following observations.
Observation
The existing data and control multiplexing procedure leads to severe performance losses when a large HARQ-ACK feedback punctures the PUSCH data symbols. 
· 16QAM and 64QAM PUSCH MCSs suffer losses of at least 1 dB. 
· The losses are higher for MCSs with higher coding rates. It is expected to see high performance losses when 256QAM MCSs are introduced.
· MCS 28 has 100% TBLER and is not useable. MCS 25 also suffers very high performance losses due to unfavorable additional puncturing patterns.

Based on these observations and extensive analysis, we further discuss potential solutions in [2].
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