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1 Introduction
At the RAN1 #NR_AH1 meeting, the following agreements were reached regarding multiplexing of UCI and data in the same slot [1]:
Agreements:
· For PUCCH in short-duration,

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.

· For PUCCH in long-duration,

· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
More details for UCI and data transmission in the same slot were agreed at the RAN1 #89 meeting as follows [2]:
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 paper, we provide some analysis of these three options for UCI piggyback on PUSCH.  
2 Discussion

From the agreements above, TDM or FDM of PUCCH and PUSCH can be transmitted in the same slot when the short PUCCH structure is configured for a UE. On the other hand, UCI may be multiplexed with UL data on PUSCH when the long PUCCH structure is configured for a UE. This is similar to LTE multiplexing of UCI and UL data since the long NR-PUCCH transmission structure can be viewed as a generalized version of the LTE PUCCH structure with flexible time duration ranging from 4 – 14 symbols. 

Of the three enumerated options, Option 3 is similar to the LTE UCI on PUSCH mechanism, where HARQ-ACK is transmitted on PUSCH resources by puncturing UL data, while UL data is rate-matched around resources assigned to CSI. This method can be used for both CP-OFDM and DFT-S-OFDM waveforms. For LTE standardization, one reason for puncturing data rather than rate matching for mapping HARQ-ACK bits was because the eNB had no way of knowing if a UE missed the DL assignment. For rate matching, the gNB would have had to perform two decoding hypotheses, one assuming the presence of HARQ-ACK bits and the other assuming that the UE may have missed the DL assignment. This was deemed effective in LTE Release 8 where typical HARQ-ACK payload sizes were limited to a few bits supporting up to 4 DL subframes for TDD. However, in later LTE releases when a UE could be configured with a large number of serving cells, puncturing of data may no longer be a suitable solution. 
Option 1 is proposed to avoid the large HARQ-ACK payload shortcoming of Option 3. However, it inherits the afore-mentioned missed DL assignment problem. One solution to address this issue is to provide a downlink assignment indication in the UL grant such that the UE reserves a certain percentage of PUSCH resources for HARQ-ACK feedback. This results in a slight increase in DCI payload size. Secondly, and more importantly, it doesn’t address the case of configured UL grant (such as grant-free UL transmission). To avoid complicated mapping scheme as in LTE, UCI could be mapped to either the beginning or end of the PUSCH resources. This method is also fine for both DFT-S-OFDM and CP-OFDM waveforms. When DFT-s-OFDM is used, low PAPR/CM can be achieved by using one DFT precoder for UCI and UL data.
Option 2 is proposed mainly for simplicity in UE implementation. Regardless of the UCI type, data REs are punctured to map UCI. This could lead to significant performance degradation for data transmission when a large UCI payload is to be transmitted. Note that significantly larger UCI payloads, particularly for CSI reporting, may be required in NR to support beam management procedures for multi-beam operation.  Therefore, Option is not suitable in NR for multiplexing UCI and data on PUSCH.
It should be noted that multiplexing UCI and data on PUSCH is generally recommended to preserve low CM property of DFT-S-OFDM in coverage limited scenarios. When higher CM can be tolerated and CP-OFDM is configured for a UE, PUCCH and PUSCH can be transmitted on different physical resources. 
3 Conclusions
This contribution provided some analysis on the three proposed mechanisms for multiplexing UCI and data on PUSCH. Based on the discussion, we have the following proposals:
· Puncturing of data for all UCI types is not supported for multiplexing UCI and data on PUSCH.
· Further study on the performance between  

· Rate matching UL data around all UCI types

· Rate matching UL data around CSI and puncturing data for HARQ-ACK
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