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1 Introduction
Uplink control information (UCI) transmission is a key component of the NR system similarly to LTE. In this contribution we discuss some design principles for multiplexing UCI types and UCI with UL data in the same time slot. 
2 Discussion
It was agreed that NR supports same slot and cross-slot scheduling for both DL and UL transmission. Thus, HARQ-ACK feedback of multiple DL transmissions in time can be aggregated and transmitted in one UL control channel. In addition, UCI content includes scheduling requests and CSI reports. It was quickly evident after a few releases that the LTE PUCCH did not scale well with the increasing HARQ-ACK payload and the number of CSI reports resulting from carrier aggregation and CoMP operation. Forward compatibility is a design criterion in the NR system, necessitating a careful design of UCI transmission to support future use cases. Compared to LTE, CSI feedback in NR may be much larger and/or much more frequent to support reporting of beam-specific channel properties in a multi-beam operation. 
LTE PUCCH was designed for the DFT-S-OFDM waveform. This typically required a single channel transmission in order to maintain a low PAPR resulting in complicated rules for dropping one or more UCI types in case of a collision in the same subframe. With forward compatibility in mind, it is preferable that UCI formats for the NR UL control channel are designed with the flexibility of supporting variable payload size allowing dynamic multiplexing of HARQ-ACK, CSI, and potential SR. As we proposed in [2], the NR UL control channel should be designed similarly to LTE PUCCH format 4/5 structure with high capacity and flexible resource allocation so as to avoid dropping of UCI when different UCI types collide in the same time instance.
Proposal 1: The NR UL control channel should be designed with flexible capacity to support dynamic multiplexing of HARQ-ACK, CSI, and potential SR.
At the RAN1 #86bis meeting it was agreed to consider three cases for multiplexing UL data and UCI I in the same time slot
· Case 1: UL data and UCI are FDMed where the resource for UCI is not a part of the resource allocated for UL data 

· Case 2: UL data and UCI are TDMed where the resource for UCI is not a part of the resource allocated for UL data 

· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data

Case 1 is similar to simultaneous transmission of PUCCH and PUSCH in LTE. From a latency perspective it is a simple way to support simultaneous transmission of UL data and UCI when an NR slot is configured with only one symbol for UL transmission. However, this will increase the PAPR and may not be suitable for coverage-limited UEs. For non-coverage-limited UEs, CP-OFDM is considered as the baseline UL waveform, and both UL data and UCI may be scheduled in different frequency resources. 
For case 2, the resources of UL data and UCI are separately configured in time domain, which means two separate UL channels are transmitted in different time intervals. This is a simple way for UL data and UCI transmission for the scenario with NR slot configured with more than one symbol for UL transmission. Moreover, this mapping will not increase the PAPR as there is a single channel transmission within the UL duration. 
Proposal 2: Both FDM and TDM multiplexing of UL data and UCI with separate resources can be supported in the NR system.

For case 3, if NR PUCCH and PUSCH may have a unified design, UCI can be considered as part of UL data to be appended at the beginning or the end of UL data on NR PUSCH when the resource of UCI is part of the resource of PUSCH, so as to avoid complicated UCI handling as defined in LTE. However, when the resource of UCI is dynamically indicated in DL DCI, the following issues should be further studied for this method:

1) The DL DCI indicated the resource of UCI should appear early enough to ensure resource of UCI and number of bits of UCI can be obtained before UE begins to prepare the channel coding of UL data. Otherwise, channel coding of UL data by assuming there is only UL data may be already finished, and there may be not enough processing time for UE to update channel coding for UL data + UCI before UL data transmission.
2) If the DL DCI indicated the resource of UCI is missed, the understandings on channel coding are different at UE side and gNB side for UL data. At UE side, UL data is assumed for channel coding according to the allocated resource of UL data. However, at gNB side, UL data +UCI are assumed for channel coding according to the allocated resource of UL data, which changes the real coding rate of UL data. Method for gNB to distinguish whether there is UCI together with UL data similar like UCI DTX detection in LTE should be considered which may reduce the robustness of UL data transmission. In case that gNB cannot distinguish whether there is UCI together with UL data, part of UL data will be considered as UCI which introduces wrong UCI at the gNB side and further impact system performance.
3) If the UL DCI indicating the resource of UL data is missed, the understandings on channel coding are different at UE side and gNB side for UCI. At UE side, UCI only is assumed for channel coding according to the allocated resource of UCI. However, at gNB side, UL data +UCI are assumed for channel coding according to the allocated resource of UL data. Both the resource and the coding rate are different between UE and gNB, which will both reduce the robustness of UL data and UCI transmissions.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: The NR UL control channel should be designed with flexible capacity to support dynamic multiplexing of HARQ-ACK, CSI, and potential SR.

Proposal 2: Both FDM and TDM multiplexing of UL data and UCI with separate resources can be supported in the NR system.
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