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Introduction
In LTE, SR, ACK and CQI report are the possible contents of uplink control information (UCI). Only TB level ACK is used in LTE and hence the payload is either 1 bit or 2 bits. The CQI report for LTE include CSI, PMI, and RI. In NR we have a much higher peak throughput so a CB level ACK may be desirable to reduce unnecessary retransmissions. Furthermore, including correlation or whitening matrix in the CQI report may also be beneficial. 
In this contribution, we express our views on UCI content. In [1] we express our views on uplink control channel design. 
Discussion
In this section, we discuss the information to be included in Uplink control information (UCI) contents. In general, the following information is carried in UCI: SR, ACK, and CQI report. For SR, we may keep 1 bit as LTE. For ACK, LTE only has TB level CRC so if a TB CRC fails, the eNB needs to transmit the entire TB. Since in 5G, the peak rate is much higher than LTE, the maximum number of CBs may be a large number, for example a few hundred. Consequently, if only a few CBs failed, we have to retransmit all CBs leading to waste of resource and power. To improve the efficiency, we may have multiple bits of ACK. The multiple bits may be a CB level ACK.  However, the payload of ACK channel in this case may be too large and we may not have sufficient resource to transmit these large ACK payloads, for example in an immediate turn around scenario with only 1 symbol of UL transmission for ACK feedback. We may allow ACKs for multiple CBs to be bundled as illustrated in the following figure. In this example, every 3 CBs have bundled ACK. So the total number of ACK bits will be ceil (Nc/3), where Nc is the total number of CBs. 
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In this way, we can have limited ACK payload while still have the benefit of reducing retransmissions of successfully decoded CBs. On the other hand, the multiple bits of ACK may be the feedback for outer code if outer code across multiple TBs are to be supported. For example, we may include the number of CBs have failed in the feedback. We therefore, have the following proposals:
Proposal 1: Consider multiple-bit ACK for feedback 
· ACKs of multiple CBs to be bundled to reduce payload size. The bundling length can be configured at eNB.
· Multi-bit ACK for outer-code.

For CQI report, LTE only feedback CQI, PMI, and RI. In MU-MIMO mode, since a UE doesn’t know which UE it will be paired with, the precoding matrix based on UE estimation may not be accurate. So it may be better for UE to feedback the correlation matrix or equivalently the whitening matrix, and let eNB to select the precoding matrix. Since correlation or whitening matrix is symmetric, only the upper or lower triangle matrix is needed. Since the feedback matrix may incur large payload, eNB may configure a UE to send it only when needed. We therefore propose:
Proposal 2: Consider including whitening matrix in the CQI report. The feedback of the matrix may be enable or disabled by eNB.
To reduce turnaround time, a UE may also directly transmit BSR instead of SR in the uplink. Furthermore, we may need to add convey some beamform related information to eNB to help facilitate eNB beam selection. Such beamform related information may include beam index, beam RSRP, beam RSRQ, bean SNR, etc. 
 For 5G NR, self-contained frame structure is considered. Where an uplink common burst is present at the end of each subframe, and an uplink regular burst is present only in the centre of uplink centric subframe. Such a frame structure can allow some critical control information for example SR or delay sensitive ACK to be transmitted in uplink common burst even in downlink centric subframe, while the rest of the UCI may be transmitted in uplink regular burst. Or in DL dominant scenario, a UE may have a lot of DL traffic and doesn’t want to open up the regular burst just to send the UL. Such a UE may also transmit other payload information like CSI, TCP ACK, and other UL payload with limited payload size in UL common burst. Since a DL dominant scenario may also occur for a cell edge UE, we may also consider DFT-s-OFDM waveform for UL common burst transmission. 
Proposal 3: Allow different UCI to be transmitted in UL regular burst and UL common burst. 
· Consider include BSR and beam related information in UCI.
· A UE may transmit limited payload in uplink common burst including at least ACK, SR, BSR, and beamform related information.
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In this document, we consider the UCI contents for 5G. In NR we have a much higher peak throughput so a CB level ACK may be desirable to reduce unnecessary retransmissions. And ACK bundling maybe used to reduce ACK payload. Furthermore, including correlation or whitening matrix in the CQI report may also be beneficial for MU-MIMO scenario. When immediate ACK is supported, we may have an uplink common burst in self-contained subframe and some critical UCI like SR or delay sensitive ACK with limited payload size may be transmitted in uplink common burst. To reduce turnaround time, a UE may also directly transmit BSR instead of SR in the UL common burst.
We therefore have the following proposals:
Proposal 1: Consider multiple-bit ACK for feedback 
· ACKs of multiple CBs to be bundled to reduce payload size. The bundling length can be configured at eNB.
· Multi-bit ACK for outer-code.

Proposal 2: Consider including whitening matrix in the CQI report. The feedback of the matrix may be enable or disabled by eNB.
Proposal 3: Allow different UCI to be transmitted in UL regular burst and UL common burst. 
· [bookmark: _GoBack]A UE may transmit limited payload in uplink common burst including at least ACK, SR, and BSR, beam related information
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