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1. Introduction
In this contribution, we discuss HARQ-ACK multiplexing for NR.
2. HARQ-ACK multiplexing when CBG-based (re)transmission is not configured
For simplicity, the discussion starts from the case when CBG-based (re)transmission is not configured. For NR, HARQ-ACK multiplexing for multiple TBs over multiple carriers/times is necessary. It is important to make sure that gNB and UE have the common understanding on how and which HARQ-ACK bits are multiplexed with what order. The simplest way is to determine the HARQ-ACK codebook in a fixed way; association between each TB and HARQ-ACK bit for a given HARQ-ACK codebook is determined based on semi-static configuration. This works well in case where HARQ-ACK feedback timing for a TB on a given carrier/time is semi-statically configured by higher-layer, and is not dynamically varied. Another way is to construct a HARQ-ACK codebook based on the actually scheduled set of TBs in carriers/times. For this case, miss detection of DCI(s) at the UE side causes no HARQ-ACK bit generation for the data scheduled by the miss-detected DCI(s) if the miss detection is not noticed by the UE. For LTE Rel.13 eCA, in order to realize the dynamic HARQ-ACK codebook, it is agreed to include counter DAI and total DAI in each scheduling DCI, and the values of these fields are given taking into account the scheduled TBs over time/frequency. For NR, it is also desirable to support both semi-static and dynamic HARQ-ACK codebook adaptations. For dynamic HARQ-ACK codebook, use of counter-DAI and total-DAI could be the starting point.
Proposal 1:
· Both semi-static and dynamic HARQ-ACK codebook determination methods are supported.
· For dynamic HARQ-ACK codebook determination, starting point is to include counter DAI and total DAI in the scheduling DCI.

3. HARQ-ACK multiplexing when CBG-based (re)transmission is configured
For NR, unlike for LTE, CBG-based (re)transmission is supported. In this case, when the scheduled TB is segmented into CBs, the CBs are grouped to form CB-groups [1]. Then, for downlink, the UE generates HARQ-ACK bit per CBG basis. For this, it is under discussion whether the HARQ-ACK codebook for a scheduled TB is determined semi-statically or dynamically. Several candidates can be envisioned [2]:
1. HARQ-ACK codebook for a given TB is fixed according to the higher-layer configuration.
· Regardless of whether it is initial-transmission or re-transmission, and no matter how many CBG(s) is/are included in the scheduled data, HARQ-ACK codebook is semi-statically fixed.
2. HARQ-ACK codebook for a given TB is determined by the CBG(s) formed in the initial-transmission.
· For initial-transmission, the HARQ-ACK codebook for the given TB depends on how CBG(s) is/are constructed in the scheduled data.
· For re-transmission, irrespective of which CBG(s) is/are re-transmitted, the HARQ-ACK codebook is the same as the initial-transmission.
3. HARQ-ACK codebook for a given TB is determined by the CBG(s) formed in the current transmission.
· Regardless of whether it is initial-transmission or re-transmission, and no matter how many CBG(s) is/are included in the scheduled data, HARQ-ACK codebook for the given TB depends on how CBG(s) is/are constructed in the current scheduled data. 
· It is also possible to include TB-level HARQ-ACK bit in the HARQ-ACK codebook to address NACK-to-ACK error; see [2] for details.

Besides the above, support of dynamic switching between TB-level HARQ-ACK feedback and CBG-level HARQ-ACK feedback according to a certain condition needs to be considered as following; see [2] for details. 
· UE monitors two DCI formats; one is for TB-level scheduling, and the other is for CBG-level scheduling.
· If the UE detects a DCI format for TB-level scheduling, the UE generates only HARQ-ACK bit for TB.
· If the UE detects a DCI format for CBG-level scheduling, the UE generates HARQ-ACK bits for CBG.
Taking into account all of the above, the number of HARQ-ACK bit(s) per scheduled data varies according to condition(s). Therefore, simple re-use of LTE-solution (counter-DAI and total-DAI in each DCI) would not be sufficient to make sure that miss detection of one/some DCI(s) does not impact the common understanding of HARQ-ACK codebook between gNB and UE. The problem is illustrated in Fig. 1 taking the solution “monitoring two DCI formats, one is for TB-level scheduling, and the other is for CBG-level scheduling” as the example.
During Rel.13 eCA, similar problem was found: depending on what transmission mode is configured for a CC, the number of HARQ-ACK bits could be 1 or 2, and if one DCI is missed for a CC among multiple CCs, the UE cannot identify how many HARQ-ACK bit(s) needs to be reserved as part of the HARQ-ACK codebook. In order to resolve this, it was agreed that the number of HARQ-ACK bits per CC is 2 if the UE is configured with dynamic HARQ-ACK codebook determination and transmission mode which needs 2 HARQ-ACK bits for at least one CC unless spatial bundling is configured. However, with CBG-based (re)transmission, the number of HARQ-ACK bits per scheduled data could be much higher than 2. It is necessary to find another solution.
Proposal 2:
· RAN1 to identify how to realize dynamic HARQ-ACK codebook adaptation for the case where the UE is configured with CBG-based (re)transmission.
· The set of TBs scheduled in time-domain could vary dynamically.
· The set of TBs scheduled in frequency-domain could vary dynamically.
· In each scheduled TB, HARQ-ACK codebook could vary dynamically.
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Fig. 1.	HARQ-ACK codebook determination for dynamic selection of TB-level and CBG-level per CC.

4. Conclusion
In this contribution, HARQ-ACK multiplexing for NR is discussed and following proposals are achieved.
Proposal 1:
· Both semi-static and dynamic HARQ-ACK codebook determination methods are supported.
· For dynamic HARQ-ACK codebook determination, starting point is to include counter DAI and total DAI in the scheduling DCI.
Proposal 2:
· [bookmark: _GoBack]RAN1 to identify how to realize dynamic HARQ-ACK codebook adaptation for the case where the UE is configured with CBG-based (re)transmission.
· The set of TBs scheduled in time-domain could vary dynamically.
· The set of TBs scheduled in frequency-domain could vary dynamically.
· In each scheduled TB, HARQ-ACK codebook could vary dynamically.
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