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Introduction
In RAN1-89 [1], the following were agreed on the topic of UCI piggyback on PUSCH.
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

As listed in the above agreements and conclusions, there are some open issues on this topic. In this contribution, we express our views on these open issues of UCI piggybacking on PUSCH. 
Common piggyback rule for different waveforms 
In 5G, it has been agreed that PUSCH will have both waveforms supported: DFT-s-OFDM and CP-OFDM. And a UE may switch its waveform if certain condition is changed. To reduce processing complexity, it’s desirable to maximize the commonality of UCI on PUSCH for different waveforms. Ideally, the Tx processing chain for UCI on PUSCH should be the same for different waveforms except for additional DFT applied for DFT-s-OFDM waveform.
Proposal 1: Apply common rule for piggyback UCI on PUSCH with DFT-s-OFDM and CP-OFDM waveforms.
Piggyback options  
Option 1: PUSCH rate-match all UCI types  
In option 1, with PUSCH rate-matches ACK REs, one big issue is that UE misses DL grants. In this case, UE will not send ACK back to eNB or send less ACK bits than eNB expected. But eNB does not know UE missed DL grant and it still expect UE sends exact number of ACK bits as it suppose to send. The misalignment between UE and eNB will cause PUSCH decoding failure. For example, eNB schedules 5 PDSCH on 5 CCs. Due to bad PDCCH reception, only 3 DL grants were decoded. On UE side, it will send 3 ACK/NACK bits to eNB, and PUSCH rate matches around 3 ACK/NACK bits. But eNB expects UE to send 5 ACK/NACK bits and do de-rate-match around 5 ACK/NACK bits. This mismatch will cause PUSCH decode failure.  
Option 2: PUSCH punctured by all UCI types
PUSCH punctured by all UCI types is not a good solution for UCI piggyback on PUSCH. If UCI REs are mapped near DMRS symbol for better UCI decoding performance, the impact of puncture to PUSCH performance could be very large because of potential large UCI size due to carrier aggregation and increased UCI payload such as beam related information and CBG based ACK feedback. If UCI REs are distributed over all uplink symbols to mitigate the impact of puncturing to PUSCH, then the performance of UCI will degrade due to inaccurate channel estimation on those symbols far away from DMRS symbol. In addition, comparing to other options, we did not see any advantage to choose option 2 over other options. 
Option 3: PUSCH rate-match CQI, punctured by ACK  
Option 3 is very similar to LTE where PUSCH rate-matches around CQI and ACK punctures PUSCH when it appears. 
With PUSCH rate-matches CQI, one issue needs to be addressed is how to deal with the case when UE misses DL grant for aperiodic CQI. One example is that, at slot N, eNB schedule an uplink PUSCH transmission at slot N+K2. Then at slot N+M where M<K2, eNB scheduled an aperiodic CQI transmission on slot N+K2. But UE missed the grant scheduling aperiodic CQI. In this case, UE will not send CQI back to eNB. But eNB does not know UE missed the aperiodic CQI grant and it still expect UE transmitting PUSCH rate-matching around CQI. The misalignment between UE and eNB will cause PUSCH decoding failure. 
The root cause of the problem is that eNB does not know UE’s behavior regarding UCI transmission. To solve this problem, the solution is embedding signaling within the transmission to tell eNB UE’s behavior in terms of UCI transmission. UE can signal eNB that it transmits UCI payload within PUSCH or not. 
The way to signal UCI transmitting within PUSCH or not can base on using different DMRS sequences. Similar to the design for 1-symbol short PUCCH [2], given a base sequence Y, Y is transmitted as DMRS when UCI is transmitted with PUSCH. When UCI is not transmitted, Y with cyclic shift N/2 is transmitted as DMRS, where N is the length of sequence Y. At eNB side, eNB first performs hypothesis testing based on DMRS to detect whether UCI is transmitted within PUSCH or not. Then eNB does de-rate-matching accordingly based on the detection decision.
In case no CQI is transmitted and only ACK is piggybacked on PUSCH, this 1 bit of signalling embed on DMRS is also helpful. In the case of DTX, eNB can be aware of that UE did not send ACK. eNB can choose to use LLR from those ACK REs to improve PUSCH performance because eNB knows puncturing did not happen at UE side.
In the aspect on CQI resource mapping, for CQI/RI especially beam related information, it is beneficial to have frequency first mapping to allow CQI earlier decoding for beam management. It is also beneficial to put CQI/RI close to DMRS for better channel estimation. For PUSCH, we also propose frequency first mapping, which helps both UE Tx timeline (symbol by symbol transmission) and eNB Rx time (earlier decoding of certain code blocks).   
For ACK resource mapping, since ACK always puncture PUSCH, to avoid large ACK payload size heavily puncture one certain PUSCH code block, we want to distribute ACK REs across all UL symbols to share the impact of puncture onto all PUSCH code blocks. Another advantage of time distributed mapping is for time diversity. To achieve frequency diversity, we distributed ACK REs in frequency domain as well.
RI resource mapping is similar to ACK to achieve time and frequency diversity.
Another important aspect in option 3 is that we need make sure ACK and CQI are mapped to orthogonal resources such that ACK does not puncture CQI.  
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In summary, we therefore have the following proposal for UCI piggyback rule:
Proposal 2: Adopt option 3 for UCI piggyback on PUSCH. 
Proposal 3: ACK and CQI are mapped to orthogonal REs so ACK does not puncture CQI.
Proposal 4: Use DMRS to carry 1 bit info to signal eNB that UCI payload is transmitted with PUSCH or not. 
Dynamic  values 
The UCI resource is controlled by  values which in LTE is a single value per UCI type semi-statically configured. These offsets are often set either too conservative in order to ensure UCI performance thus leading to unnecessary negative performance impact on PUSCH, or insufficient to meet UCI performance requirement. It’s thus desirable to have dynamic  selection for each transmission. This can be done by semi-statically configured a few  values and PDCCH can then dynamically select which value to be used in the current transmission. We therefore have the following proposal:
Proposal 5: Consider dynamic selection of  values for UCI on PUSCH. 
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In this document, we addressed UCI piggybacking on PUSCH. We therefore have the following proposals for UCI on PUSCH:
Proposal 1: Apply common rule for piggyback UCI on PUSCH with DFT-s-OFDM and CP-OFDM waveforms.
Proposal 2: Adopt option 3 for UCI piggyback on PUSCH. 
Proposal 3: ACK and CQI are mapped to orthogonal REs so ACK does not puncture CQI.
Proposal 4: Use DMRS to carry 1 bit info to signal eNB that UCI payload is transmitted with PUSCH or not. 
Proposal 5: Consider dynamic selection of  values for UCI on PUSCH. 
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