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1 Introduction
In RAN1 #90bis, short-PUCCH for UCI of more 2 bits was discussed with following agreements:
Agreements:
· For short-PUCCH for UCI of more than 2 bits

· Only contiguous PRB allocation within a symbol is supported in release-15

· In addition to RRC configuration, the number of PRBs can be additionally determined based on the following:

· As a function of UCI payload size 

· Dynamic indication via DCI

· FFS the detailed determination method

· FFS the set of supported PRBs

Agreements:

· Simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR with PUCCH format 2 is supported by RRC configuration

· FFS details

· There is no additional RRC signaling involved in regarding how encoding is done for CSI/HARQ-ACK/SR

· Note that whether some UCI is dropped or not is not considered as part of the encoding in the above bullet
During the email discussion [90b-NR-37], the following agreements were approved:
Agreements:

A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH

o   FFS details how to use the configuration. The LTE mechanism is the baseline

o   Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits

In this contribution, we show our views on the open issues of short PUCCH for more than 2 UCI bits.
2 Discussion
When a max coding rate, per PUCCH format, is configured to a UE, UE should determine both the feedback UCI bits and the number of PRBs for PUCCH transmission based on the max coding rate as following:

· UE determines the max coding rate 
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 per PUCCH format.

· UE determines the number of PRBs, 
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, for PUCCH transmission in slot n based on indication in DL grant.

· UE determines the max number of bits can be transmitted in slot n by
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where 
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is the number of REs used to transmit PUCCH per PRB, and 
[image: image5.wmf]m

Q

 is the modulation order.
· UE Semi-statically or dynamically determines the HARQ-ACK codebook  
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· UE determines 
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 UCI bits are transmitted.
· For HARQ-ACK only transmission,  
· When
[image: image8.wmf]max

codebookCRC

QQQ

+£

, all HARQ-ACK bits are transmitted, where 
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is the number of CRC bits, and 
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· Otherwise, HARQ-ACK bundling is used to generate 
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[image: image12.wmf]_/max

bundledANCRC

QQQ

+£

, and then 
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. To reduce the DL transmission efficiency loss, multiple-level HARQ-ACK bundling, proposed in [1], should be used.
· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
· For simultaneous transmission of HARQ-ACK and CSI with/without SR, where the number of CSI bits is 
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, and the number of SR bit(s) is
[image: image15.wmf]SR

Q

.
· If 
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, all UCI bits are transmitted, and 
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· Otherwise, UCI compression is used to generate 
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 UCI bits satisfying 
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. The following UCI compression priority should be considered:
· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: CSI dropping.

· 3rd: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
· Finally, UE determines the number of PRBs used to transmit PUCCH by
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, where 
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Using the above approach, the number of PRBs used to transmit PUCCH can be dynamically determined by the actual UCI payload, which can reduce the PUCCH overhead. Furthermore, multiple-level HARQ-ACK bundling should be used in order to reduce the DL transmission efficiency loss. If CBG-based transmission is supported, the priority of HARQ-ACK bundling across multiple CBGs within a TB can be higher than CSI dropping.
Proposal 1: When the number of UCI bits exceeds the max number to be transmitted in one slot,
· For HARQ-ACK only transmission, multiple-level HARQ-ACK bundling should be used:

· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
· For simultaneous transmission of HARQ-ACK and CSI with/without SR, the following UCI compression priority should be supported:

· 1st: HARQ-ACK bundling across multiple CBGs within a TB.
· CBG-level bundling size can be 2, 4 or 8.
· 2ed: CSI dropping.

· 3rd: HARQ-ACK bundling across multiple TBs per CW.
· TB-level bundling size can be 2 ~ X, where X depends on the maximum HARQ timing.
Proposal 2: The number of PRBs used to transmit PUCCH is determined by the total number of actual UCI bits 
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and the configured max coding rate 
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where 
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 is the number of CRC bits, 
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is the number of REs used to transmit PUCCH per PRB, and 
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 is the modulation order.
3 Conclusions
In this contribution, we show our views on the open issues of short PUCCH for up to 2 UCI bits with following proposals:
Proposal 1: When the number of UCI bits exceeds the max number to be transmitted in one slot,

· For HARQ-ACK only transmission, multiple-level HARQ-ACK bundling should be used:

· 1st: HARQ-ACK bundling across multiple CBGs within a TB.

· 2ed: HARQ-ACK bundling across multiple TBs per CW.

· For simultaneous transmission of HARQ-ACK bits and CSI feedback with/without SR, the following UCI compression priority should be supported:

· 1st: HARQ-ACK bundling across multiple CBGs within a TB.

· 2ed: CSI dropping.

· 3rd: HARQ-ACK bundling across multiple TBs per CW.

Proposal 2: The number of PRBs used to transmit PUCCH is determined by the total number of actual UCI bits 
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and the configured max coding rate 
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where
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 is the number of CRC bits, 
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is the number of REs used to transmit PUCCH per PRB, and 
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 is the modulation order.
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