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Introduction
In RAN1#89 Meeting [1], the following agreements were reached for UCI multiplexing:
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
In this contribution, we discuss our views on the open issues related to the UCI transmission on PUSCH.
Discussion
As it was agreed in the RAN1#89 Meeting [1], UCI piggyback on PUSCH is supported for both the DFT-s-OFDM and the CP-OFDM UL transmission modes. Our view is that in order to reduce computational complexity, and also accelerate the standardization effort, it’s highly desirable to maximize the commonality of the UCI piggyback on PUSCH design for both the DFT-s-OFDM and CP-OFDM transmission modes. One example to realize commonality for the different transmission modes would be to adopt a unified resource mapping approach for all types of UCI on PUSCH. 
Proposal 1: Apply a common UCI resource mapping rule on PUSCH for different UL transmission modes.
With respect to the exact mapping of different UCI types to the resources on PUSCH, ACK/NACK symbols may be transmitted on the resource elements adjacent to the data demodulation reference symbols (DM-RS) similar to LTE to take advantage of the improved channel estimation. However, in order to maximize frequency diversity gain for the CP-OFDM transmission mode, unlike the legacy approach where the ACK/NACK symbols are mapped on the adjacent resources pre-DFT, we may consider distributing the ACK/NACK symbols over the allocated PUSCH transmission bandwidth. This approach obviously will not result in any additional frequency diversity gain for the DFT-s-OFDM mode of operation.
Proposal 2: ACK/NACK symbols are mapped on resources adjacent to DM-RS and distributed across the PUSCH transmission bandwidth.

For other UCI types such as RI, the RI symbols can be multiplexed with the ACK/NACK symbols either in time or frequency and then mapped on the resources adjacent to the DM-RS symbol. By interleaving the RI symbols across the frequency domain, frequency diversity can be achieved for the RI similar to the ACK/NACK for both DFT-s-OFDM and CP-OFDM waveform. An example of resource mapping for both RI and ACK/NACK on PUSCH for a single RB is illustrated in Figure 1.
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[bookmark: _Ref485288129]Figure 1. Resource mapping for ACK/NACK and RI on PUSCH
In case of CQI, in order to achieve time-frequency diversity for the CP-OFDM transmission mode, the resource element mapping may also be distributed (i.e., interleaved) across the allocated time-frequency resources for PUSCH transmission. Note that this approach would be different from the legacy LTE approach where frequency first mapping is used with sequential direct mapping of the CQI payload on the adjacent resource elements. In NR, in the presence of Code Block Groups (CBGs), the frequency first mapping will substantially impact the performance of certain CBGs for large CQI payloads due to the excessive resource loss for certain CBGs for data transmission. On the other hand, the time-first sequential mapping of the CQI payload in low speed scenarios may not provide any diversity gain. An example of time-frequency interleaved resource mapping for CQI on PUSCH is illustrated in Figure 2.
In one example, to achieve interleaving in frequency domain, the allocated bandwidth for PUSCH transmission could be partitioned to Resource Block Group (RBGs) where each RBGs is comprised of one or multiple RBs. Then the UE starts the mapping of the encoded CQI symbols sequentially to the first resource element of the first OFDM symbol of the first RBG and then to the first resource element of the first OFDM symbol of the second RBG and so on. This approach will maximize frequency diversity gain based on frequency interleaving for CQI on PUSCH.
Similarly, to achieve interleaving in time domain and distribute the CQI symbols across all CBGs, the allocated time duration for PUSCH transmission can be partitioned to one or multiple OFDM Symbols and/or CBGs. Noting that each CBG could be comprised of one or multiple OFDM symbols. Then the UE starts the mapping of the encoded CQI symbols sequentially to the first resource element of the first OFDM symbol of the first CBG and then to the first resource element of the first OFDM symbol of the second CBG and so on. This approach will avoid excessive resource use of a single CBG.
Proposal 3: CQI symbols are time-frequency interleaved across both the slot and the PUSCH transmission bandwidth


[bookmark: _Ref485288627]Figure 2. Time-Frequency interleaved resource mapping of CQI on PUSCH
One of the open questions from the RAN1#89 meeting is that whether for all types of UCI, UL data is rate-matched or punctured. From our perspective, there is no single approach which could potentially strike the balance between the UCI and UL data detection performance. For the case where the UE has missed the DL assignment on the PDCCH, it is beneficial that the HARQ-ACK are punctured into the UL data in order to avoid PUSCH decoding to fail. This is essential to avoid the mismatch between the rate matching in the UE and the gNB. However, this technique is only effective as long as the HARQ-ACK payload is limited. In NR, the HARQ-ACK payload could be quite large for certain scenarios. If that is the case, excessive puncturing of the UL data could also result in PUSCH decoding to fail unless the UL grant is providing large amount of resources. Therefore, we believe whether UL data is punctured or rate-matched by UCI not only depends on the UCI type, it should also be a function of the UCI payload. This is specifically applicable to the HARQ-ACK which has a relatively higher performance requirement compared to other UCI types.   
Proposal 4: At least for the HARQ-ACK, the UL data is punctured for ACK/NACK payloads up to a certain threshold otherwise the UL data is rate-matched. 
For other UCI types such as CQI and PMI, the UL data can simply be rate-matched around them noting that specially in the case of CQI, it typically has a large payload which makes puncturing approach infeasible.  
Conclusion
In this contribution, we discussed our views on UCI transmission on PUSCH. We made the following proposals:
Proposal 1: Apply a common UCI resource mapping rule on PUSCH for different UL transmission modes.
Proposal 2: ACK/NACK symbols are mapped on resources adjacent to DM-RS and distributed across the PUSCH transmission bandwidth.
Proposal 3: CQI symbols are time-frequency interleaved across both the slot and the PUSCH transmission bandwidth
Proposal 4: At least for the HARQ-ACK, the UL data is punctured for ACK/NACK payloads up to a certain threshold otherwise the UL data is rate-matched.
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