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1 Introduction
In 3GPP RAN1#89 [1], the following agreements regarding to design principles of PUCCH are made : 
Agreements:
· Confirm that UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform.
· FFS: Whether common UCI piggyback rule for different waveforms.

Conclusions:

· Continue further study of UCI piggyback of following options:

· Opt.1: For all types of UCI, UL data is rate-matched.

· FFS: the case where UE missed the DL assignment.

· Opt.2: For all types of UCI, UL data is punctured.

· Opt.3: At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.

· FFS: handling of large HARQ-ACK payload

This contribution focuses on UCI piggyback on PUSCH.
2 UCI on PUSCH
In LTE’s UCI on PUSCH, HARQ-ACK punctures UL data and other UCI rate-matches UL data. The motivation of HARQ-ACK puncturing UL data is to prevent extra de-rate-matching at gNB, in case DL assignment is not decodable by UE and therefore UE does not even know it has to feedback HARQ-ACK. 

These three options under discussion have their own advantages :

· Opt.1: For all types of UCI, UL data is rate-matched.
· To improve performance of UL data in case there are huge amount of HARQ-ACK puncturing
· Opt.2: For all types of UCI, UL data is punctured.
· To make implementation even more friendly to reduce latency (ex : the timing between UL grant and PUSCH)
· Opt.3: At least for UCI other than HARQ-ACK, UL data is rate-matched, while for HARQ-ACK, UL data is punctured.
· As in LTE, to address the missing DL assignment scenario

From [1], we know that Opt. 2 may provide latency reduction. However, it does suffer from little performance degradation compared to rate-matching. Opt.2 provides latency reduction accompanying little performance degradation. If latency reduction for PUSCH is important, Opt. 2 shall be considered in NR.
Observation #1: Opt.2 provides latency reduction accompanying little performance degradation.

Regarding to Opt. 1, as addressed in many other contributions, there are some mechanisms to avoid the misunderstanding between gNB and UE for number of HARQ-ACK to feedback, for example DAI in UL grant, HARQ-ACK codebook determination as in eCA. However, considering the flexible K1/K2 for NR, these mechanisms may not work well or need some constraints. It is noted that K1 is the timing difference in slot between PDSCH and ACK feedback and K2 is the timing difference in slot between UL grant and PUSCH. As shown in Figure 1a, in slot #n, there is one UL grant schedules both UL data and aperiodic CSI reporting transmitted in slot #(n+4). In addition, in slot #n, there is also one DL assignment scheduling its HARQ-ACK to be replied in slot #(n+4). When it comes to slot #(n+1), another PDSCH is received and its HARQ-ACK is also scheduled in slot #(n+4). If DAI is included in UL grant to realize Opt. 1 (all rate-matching), NW has two alternatives :

Alt. 1 : NW needs to have its scheduling plan of both slot #n and slot #(n+1) ready in slot #n, which even complicate NW’s scheduling behaviour. The scenario in Figure 1b is even more critical since NW needs to have its scheduling plan ready for up-coming three slots.
Alt. 2 : NW cannot schedule PDSCH with HARQ-ACK feedback in slot #(n+1). However, this restricts the scheduling flexibility.
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Figure 1. Multiplexing of UCI and UL-SCH in case of “UCI on PUSCH” for LTE

Observation #2: Due to flexible K1/K2 in NR, extra scheduling efforts or constraint is necessary if Opt. 1 with DAI in UL grant is adopted.
When we consider Opt. 3, the most concern is that huge amount of puncturing by ACK may damage the performance of UL data. One reason for performance degradation is because ACK does not puncture CBs (code blocks) in balanced way. As shown in Figure 2, in LTE, CQI and UL-SCH are allocated in time-first manner into the subframe buffer. After bits allocation of CQI/UL-SCH/RI by rate-matching, ACK punctures those bits starting from the bottom to the top as shown in the figure. In case there are multiple CBs, ACK may only puncture one of the CBs. As shown by the example in Figure 3a, there are three CBs, and most ACK bits puncture CB3, and therefore the much worse performance of CB3 will dominate the BLER of the whole TB (transport block). The issue may be eliminated by evenly distributing those ACK bits into different virtual-subcarriers in case of DFT-S-OFDM and different subcarriers in case of CP-OFDM as shown in Figure 3b. The same puncturing pattern can be designed for both CP-OFDM with freq-first RE mapping and DFT-S-OFDM with time-first RE mapping. Furthermore, frequency diversity of ACKs can be also obtained.
Observation #3: With new puncturing pattern in NR, the concern of BLER degradation due to ACK puncturing UL-SCH can be diminished.
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Figure 2. Multiplexing of UCI and UL-SCH in case of “UCI on PUSCH” for LTE
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Figure 3. Different pattern for multiplexing of UCI and UL-SCH in case of “UCI on PUSCH” for NR

3 Conclusion
This contribution analyzes the feature of UCI on PUSCH, and we have following observations
Observation #1: Opt.2 provides latency reduction accompanying little performance degradation.

Observation #2: Due to flexible K1/K2 in NR, extra scheduling efforts or constraint is necessary if Opt. 1 with DAI in UL grant is adopted.

Observation #3: With new puncturing pattern in NR, the concern of BLER degradation due to ACK puncturing UL-SCH can be diminished.

Considering the above observations, it is proposed :
Proposal #1: Regarding to UCI on PUSCH, NR supports Opt. 3 and HARQ-ACK punctures data in evenly distributed (virtual-)subcarriers. 
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