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1 Introduction
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 RAN1 #91bits, the design on long PUCCH was discussed with following agreements:
Agreements:

· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 or 4

· The HARQ-ACK/SR and CSI Part 1 bits are jointly encoded. CSI Part 2 bits are separately encoded.

· The HARQ-ACK/SR and Part I of CSI reports are jointly encoded with the configured maximum code rate of the PUCCH Format 3 or 4.

· The remaining resources (if any) in the configured PRB are used for encoding of the CSI Part 2 report. Some or all of the CSI Part 2 bits can be dropped using the same priority rules for CSI omission as for CSI on PUSCH.

In this contribution, we show our views on the remaining issues on HARQ-ACK bundling.
2 Discussion
A configurable max coding rate is semi-statically configured per PUCCH format, and the determination of the number of feedback bits on PUCCH should be applied to all types of UCI, i.e. HARQ-ACK, SR, and CSI. Based on current agreements, the determination of UCI bits according to a configurable max coding rate is only used to support simultaneous transmission of HARQ-ACK/SR and CSI. However, we think the same mechanism should also be supported by HARQ-ACK only transmission, in order to avoid the restriction on DL scheduling caused by the coverage limitation of PUCCH.

1) Semi-static HARQ-ACK codebook

In RAN1#91, it was agreed that for semi-static HARQ-ACK codebook, there is no DAI in DL grants. Without DAI, HARQ-ACK bundling across multiple PDSCHs cannot be supported. However, for CBG-based transmission, when the number of HARQ-ACK bits exceeds the maximum number of UCI bits, determined based on the configurable max coding rate, can be transmitted on PUCCH format 2/3/4, multiple-level HARQ-ACK bundling can be used to reduce number of UCI bits as the following:
· 1st step: HARQ-ACK bundling across multiple CBGs within a TB on one CC.

· CBG-level bundling size can be 2, 4, 6 or 8.

· Bundling is performed based on the scheduled CBGs.
· With carrier aggregation, the first step bundling can be firstly performed on SCell.

One example is shown in Figure 1, the maximum number of CBGs is 4 and 3 CBGs are scheduled. When the CBG-level bundling size is 2, one bundled bit is obtained by performing a logical AND operation of b0 and b1, and no bundling is performed for b2. When the CBG-level bundling size is 4, one bundled bit is obtained by performing a logical AND operation of b0, b1 and b2.
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Figure 1: The first step bundling is performed based on the scheduled CBGs

· 2nd step: HARQ-ACK bundling across multiple CBGs within a TB on multiple CCs.

· Note that the second step occurs if after the first step, the number of HARQ-ACK bits still exceeds the maximum number of UCI bits can be transmitted on PUCCH format 2/3/4.

One example is shown in Figure 2, after the first step bundling on SCell 1, the number of HARQ-ACK bits still exceeds the maximum number of UCI bits can be transmitted, and then the second step bundling is performed on both PCell and SCell.
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Figure 2: Multiple-level HARQ-ACK bundling for carrier aggregation with CBG-based transmission
2) Dynamic HARQ-ACK codebook
For dynamic HARQ-ACK codebook, both counter-DAI and total-DAI exist in DL grant. HARQ-ACK bundling across multiple PDSCHs cannot be supported. For this case, multiple-level HARQ-ACK bundling should be used to reduce number of UCI bits as the following:
· 1st step: HARQ-ACK bundling across multiple CBGs within a TB on one CC.
· 2nd step: HARQ-ACK bundling across multiple CBGs within a TB on multiple CCs.
· 3rd step: HARQ-ACK bundling across multiple TBs per CW on one CC.
· 4th step: HARQ-ACK bundling across multiple TBs per CW on multiple CCs.
· Note that the third step occurs if after the second step is applied to all of the CCs configured with CBG-based transmission, the number of HARQ-ACK bits still exceeds the maximum number of UCI bits can be transmitted on PUCCH format 2/3/4.
· Note that the second/fourth step occurs if after the first/third step, the number of HARQ-ACK bits still exceeds the maximum number of UCI bits can be transmitted on PUCCH format 2/3/4.
As shown in Figure 3, the original number of HARQ-ACK bits is 16. Without spatial bundling, the minimum number of HARQ-ACK bits after the fourth step bundling is 4.
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Figure 3: Multiple-level HARQ-ACK bundling for carrier aggregation with dynamic HARQ-ACK codebook

3 Conclusions
In this contribution, we show our views on the remaining issues on HARQ-ACK bundling with following proposal:
Proposal: When the number of UCI bits exceeds the max number can be transmitted on PUCCH format 2/3/4,

· For semi-static HARQ-ACK codebook, multiple-level HARQ-ACK bundling should be used as following:

· 1st step: HARQ-ACK bundling across multiple CBGs within a TB on one CC.

· 2nd step: HARQ-ACK bundling across multiple CBGs within a TB on multiple CCs.

· Note that the second step occurs if after the first step, the number of HARQ-ACK bits still exceeds the maximum number of UCI bits can be transmitted.

· For dynamic HARQ-ACK codebook, multiple-level HARQ-ACK bundling should be used as following:

· 1st step: HARQ-ACK bundling across multiple CBGs within a TB on one CC.

· 2nd step: HARQ-ACK bundling across multiple CBGs within a TB on multiple CCs.

· 3rd step: HARQ-ACK bundling across multiple TBs per CW on one CC.

· 4th step: HARQ-ACK bundling across multiple TBs per CW on multiple CCs.

· Note that the third step occurs if after the second step is applied to all of the CCs configured with CBG-based transmission, the number of HARQ-ACK bits still exceeds the maximum number of UCI bits can be transmitted on PUCCH format 2/3/4.

· Note that the second/fourth step occurs if after the first/third step, the number of HARQ-ACK bits still exceeds the maximum number of UCI bits can be transmitted on PUCCH format 2/3/4.
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