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1. Introduction
In this contribution, scheduling/HARQ timing, HARQ-ACK multiplexing, and HARQ mechanisms are discussed.
2. Scheduling and HARQ feedback timing
2.1. Scheduling timing
NR should support both RRC-based semi-static configuration and scheduling DCI-based dynamic indication of data starting position, ending position, and the data scheduled timing. Depending on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling, exact ways of configuration/indication would be different, while unified framework for them is preferable. For details, please see [1]. For the scheduling DCI-based dynamic indication, assuming the field has n bits, there are 2n states. Higher-layer signaling configures 2n entries for them, and the indication field in the scheduling DCI can indicate one of them. Considering the trade-off between flexibility and signaling overhead, n=2 could be a good number.
Proposal 1:
· Support both RRC-based semi-static configuration and scheduling DCI-based dynamic indication of data starting position, ending position, and the data scheduled timing. 
· For RRC-based semi-static configuration, a set of {starting position, ending position, and scheduled timing} are configured by RRC signaling.
· Exact configuration depends on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
· The set of {starting position, ending position, and scheduled timing} can be different for different scheduling timing.
· For DCI-based dynamic indication, 2n sets of {starting position, ending position, and scheduled timing} are configured by RRC signaling, and the scheduling DCI indicates one of them by n-bit field.
· Exact configuration depends on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
· The sets of {starting position, ending position, and scheduled timing} can be different for different scheduling timing.
· Consider n=2.

2.2. HARQ feedback timing
For DL data, HARQ-ACK feedback using PUCCH or PUSCH is essential. For this, similarly to the scheduling timing, both RRC-based semi-static configuration and scheduling DCI-based dynamic indication of HARQ-ACK feedback timing should be supported. For scheduling DCI-based indication, it is necessary to include m bit field in the DL data scheduling DCI, so that one of 2m entries of HARQ-ACK feedback timing can be indicated by the DCI. 
HARQ-ACK on PUCCH
Short-PUCCH can be transmitted on 1 symbol or 2 symbols. Long-PUCCH can be transmitted on 4 symbols, 5 symbols, …, or 14 symbols, within a slot. Similarly to data scheduling, it is necessary to configure/indicate starting position and ending position as well as the HARQ-ACK feedback timing. Exact ways of configuration/indication should be different depending on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
Proposal 2:
· Support both RRC-based semi-static configuration and scheduling DCI-based dynamic indication of data starting position, ending position, and the HARQ-ACK feedback timing. 
· For RRC-based semi-static configuration, a set of {starting position, ending position, and HARQ-ACK feedback timing} are configured by RRC signaling.
· Exact configuration depends on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
· The set of {starting position, ending position, and HARQ-ACK feedback timing} can be different for different scheduling timing.
· For DCI-based dynamic indication, 2m sets of {starting position, ending position, and HARQ-ACK feedback timing} are configured by RRC signaling, and the scheduling DCI indicates one of them by m-bit field.
· Exact configuration depends on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
· The sets of {starting position, ending position, and HARQ-ACK feedback timing} can be different for different scheduling timing.
· Consider m=2.

HARQ-ACK on PUSCH
For slot-scheduling, HARQ-ACK on a slot #n should be multiplexed on a PUSCH on the slot #n. Irrespective of the timing relationship between DL data scheduling DCI indicating its HARQ-ACK on the slot #n and UL data scheduling DCI indicating PUSCH transmission on the slot #n, the mechanisms for HARQ-ACK on PUSCH should be the same. 
For multi-slot scheduling over K slots, following options can be considered:
· Opt.1: HARQ-ACK for a PDSCH is multiplexed on all the K slots for which the PUSCH is scheduled.
· Opt.2: HARQ-ACK for a PDSCH is multiplexed on k slot(s) of the K slots for which the PUSCH is scheduled.
· Option 2-1: HARQ-ACK for a PDSCH is multiplexed on kth slot within the K slots for which the PUSCH is scheduled, where k is derived by the timing indication for HARQ-ACK in DL DCI.
· Option 2-2: HARQ-ACK for a PDSCH is multiplexed on (K-k+1) slots within the K slots for which the PUSCH is scheduled, where k is derived by the timing indication for HARQ-ACK in DL DCI.
Option 1 is simple, but would be restrictive for some cases. For example, if a UE is scheduled with a PUSCH over K slots, it is not possible to start HARQ-ACK multiplexing on PUSCH from the middle of the K slots; which implies DL data scheduling timing is restricted by PUSCH starting timing. In this case, depending on the UE processing time capability, some slots are not available for DL data scheduling. Therefore, it is preferable to support option 2. 
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Option 1: HARQ-ACK for a PDSCH is multiplexed on all the K slots for which the PUSCH is scheduled.
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Option 2-1: HARQ-ACK for a PDSCH is multiplexed on kth slot within the K slots for which the PUSCH is scheduled, where k is derived by the timing indication for HARQ-ACK in DL DCI.
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Option 2-2: HARQ-ACK for a PDSCH is multiplexed on (K-k+1) slots within the K slots for which the PUSCH is scheduled, where k is derived by the timing indication for HARQ-ACK in DL DCI
Fig. 1	HARQ-ACK on PUSCH for multi-slot scheduling.
As described in [1], RRC configuration or DCI indication of starting position and ending position of HARQ-ACK feedback should be available. This should be independent from the starting position and ending position of PUSCH transmission. This can be realized by allowing different setting for these two fields in DL scheduling DCI and UL scheduling DCI. Note that for multi-slot scheduling, determination of starting position and ending position can be in unit of slot granularity; therefore, HARQ-ACK handling of a slot scheduling (e.g., mapping pattern for HARQ-ACK resource, etc) can be re-used. 
It is noted that unlike slot scheduling, puncturing is more motivated for multi-slot scheduling. As seen in Option 2-1 and option 2-2 of Fig.1, DL data scheduling may occur after the UL grant for PUSCH, where the HARQ-ACK is multiplexed in the PUSCH. For such case, gNB cannot inform the UE of necessary pattern/amount of rate-match resource(s) for HARQ-ACK to the UE. Therefore, it is reasonable to enable puncturing for such multiplexing. 
Proposal 3:
· For multi-slot scheduling, starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
· For HARQ-ACK handling (e.g., puncturing/rate-matching, mapping pattern, etc), HARQ-ACK piggyback on PUSCH for a slot scheduling is re-used.
· For HARQ-ACK of the DL data scheduled at the same timing as scheduling PUSCH over the K slots, handling is same as for slot-based scheduling.
· For HARQ-ACK of the DL data scheduled after the timing of scheduling PUSCH over the K slots, puncturing is carried out.

For mini-slot scheduling, similarly to multi-slot scheduling, whether to allow HARQ-ACK timing/duration not aligned with PUSCH timing/duration should be decided. We consider that for mini-slot scheduling, very high flexibility in time-domain scheduling is essential and hence, it should be allowed that the starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
Unlike multi-slot scheduling, for mini-slot scheduling, if the HARQ-ACK timing/duration is not aligned with PUSCH timing/duration, it is not possible to re-use HARQ-ACK handling of a slot scheduling (e.g., puncturing/rate-matching, mapping pattern, etc) cannot be re-used. For example, as shown in Fig. 2, following four cases need to be considered.
· Case 1 is the transmission timing for UCI is later than that for PUSCH and the transmission duration of the UCI is shorter than that of PUSCH.
· Case 2 is the transmission timing for UCI is later than that for PUSCH and the transmission duration of the UCI is longer than that of PUSCH.
· Case 3 is the transmission timing for UCI is earlier than that for PUSCH and the transmission duration of the UCI is shorter than that of PUSCH.
· Case 4 is the transmission timing for UCI is earlier than that for PUSCH and the transmission duration of the UCI is longer than that of PUSCH.
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Fig. 2	Cases for non-aligned transmission timing and/or duration for UCI and PUSCH

For above four cases, the UCI mapping pattern can be defined for a given combination of following factors:
· PUSCH transmission timing/duration
· UCI transmission timing/duration
· UCI type (HARQ-ACK, CSI, SR, etc)
For case 1 and case 2, the start position for UCI piggyback on PUSCH may be restricted by the transmission timing of PUCCH considering the needed time for UCI processing and the symbols in time domain can be used for UCI transmission is restricted by the transmission duration of PUSCH; for case 3 and case 4, both the start position and transmission duration for UCI piggyback on PUSCH is restricted by the transmission timing and duration of PUSCH. Fig. 3 show examples for possible mapping patterns. 
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Fig. 3 Examples for UCI mapping patterns

Proposal 4:
· For mini-slot-based scheduling, starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
· For HARQ-ACK handling (e.g., puncturing/rate-matching, mapping pattern, etc), HARQ-ACK piggyback on PUSCH for a slot scheduling is not re-used, and additional mechanisms shall be considered.
· [bookmark: _Hlk494531163]For HARQ-ACK of the DL data scheduled at the same timing as scheduling PDSCH, handling either rate-matching or puncturing.
· For HARQ-ACK of the DL data scheduled after the timing of scheduling PDSCH, puncturing is carried out. 


3. HARQ-ACK multiplexing 
3.1. HARQ-ACK multiplexing
Semi-static HARQ-ACK codebook determination
First, we provide a unified solution for HARQ-ACK multiplexing on one channel with semi-static HARQ-ACK codebook determination for FDD/TDD/dynamic TDD and for semi-static/dynamic determination of HARQ-ACK feedback timing. Slot-based scheduling, TB-level HARQ-ACK feedback, and single-TRP transmission are considered.
It is required to multiplex HARQ-ACK for multiple slots and for multiple carriers. Depending on gNB scheduler decision, the number of scheduled TBs over slots and/or over carriers varies. For such situation, it is important to guarantee that the 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 manner; association between each slot and a HARQ-ACK bit for a given HARQ-ACK codebook is determined based on semi-static higher-layer configurations (or fixed rule). This works well easily for semi-static HARQ-ACK feedback timing. For dynamic HARQ-ACK feedback timing, HARQ-ACK codebook depends on how HARQ-ACK feedback timings are indicated.
However, regardless of whether the HARQ-ACK feedback timing is semi-static or dynamic, following scheme can realize semi-static HARQ-ACK codebook determination:
· For a DL data at slot n, HARQ-ACK feedback window W(n) is defined.
· E.g., W(n) = {n+1, n+2, n+3, n+4, n+5}.
· The set of slots in the given HARQ-ACK feedback window W(n) for a corresponding slot can be configured by higher-layer.
· UE multiplexes HARQ-ACK bit for the DL data at slot n if the UE has HARQ-ACK feedback transmission within the HARQ-ACK feedback window W(n).
· The position of the HARQ-ACK bit for slot n within the HARQ-ACK codebook shifts depending on the timing.
· If the UE does not detect PDCCH scheduling the DL data at the slot n, corresponding HARQ-ACK bit is set to NACK.
Fig. 4 illustrates an example of HARQ-ACK feedback timing windows. Here, W(n) = {n+1, n+2, n+3, n+4, n+5} is assumed. For each slot, corresponding HARQ-ACK feedback window W(n) is defined. Whenever the UE has HARQ-ACK feedback within a window, the UE multiplexes the HARQ-ACK bit for the slot associated with the window. For example, if the UE has HARQ-ACK feedback on slot #1 ~ #4, the HARQ-ACK codebook includes HARQ-ACK bit for slot #0. The HARQ-ACK bit for slot #0 is the 0-th bit in HARQ-ACK codebook transmitted on slot #1, 1-st bit in HARQ-ACK transmitted on slot #2, and so on.
When the window size is 1, HARQ-ACK feedback opportunity for a slot is deterministic and hence, this is equivalent to semi-static HARQ-ACK feedback timing; besides, since UE generates ACK or NACK regardless of whether a scheduling DCI for the slot is detected, the resultant feedback is semi-static HARQ-ACK codebook. In the proposal, by increasing the HARQ-ACK feedback window size more than 1, dynamic HARQ-ACK feedback timing is allowed, and by multiplexing the HARQ-ACK bit for the slot as long as the window overlaps with the timing, semi-static HARQ-ACK codebook determination is realized. As for reference, HARQ-ACK feedback window for semi-static HARQ-ACK feedback timing is illustrated in Fig. 5.
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Fig. 4	HARQ-ACK windows for slots.
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(a) Example of semi-static HARQ-ACK timing for FDD.
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(b) Example of semi-static HARQ-ACK timing for TDD.
Fig. 5	Examples of HARQ-ACK feedback timing window size 1.

Fig. 6 illustrates an example on how UE determines HARQ-ACK codebook with the HARQ-ACK timing window in Fig. 1. Window size of {n+1, n+2, n+3, n+4, n+5} is assumed. Here, it is further assumed that HARQ-ACK feedback is indicated/triggered at slot #1, #4, #9, #10, and #11, due to some reasons. At each feedback timing, HARQ-ACK codebook is determined by overlapped HARQ-ACK feedback windows. By this, irrespective of when the UE is required to transmit HARQ-ACK, the HARQ-ACK codebook can be constructed by the HARQ-ACK feedback windows. Therefore, HARQ-ACK codebook can be semi-static even with the dynamic HARQ-ACK feedback timing. Since the UE multiplexes the HARQ-ACK bit for a slot as long as HARQ-ACK feedback occurs within the window, there could be duplicated feedback depending on gNB scheduling of HARQ-ACK feedback. However, duplicated feedback can be avoided by gNB scheduler by indicating appropriate HARQ-ACK feedback timing by the DCI.
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Fig. 6	Example of HARQ-ACK feedback using the time-window for HARQ-ACK.

For semi-static TDD, some slots are not available for DL data scheduling. Such slots are known by the gNB and UE preliminarily and hence, can be omitted by this process; therefore, HARQ-ACK feedback window for slots where DL data scheduling is obviously not available is not needed.
For dynamic TDD, whether the slot is available for DL data scheduling can be indicated dynamically. For such slot, as long as there is a possibility that the slot is used for DL data scheduling, HARQ-ACK feedback window for the slot should be set. This ensures the effectiveness of semi-static HARQ-ACK codebook.
For carrier aggregation, the HARQ-ACK feedback timing window is directly applicable. The window can be set per slot over all carriers, or per slot and per carrier.

Proposal 5:
· Introduce HARQ-ACK feedback timing window.
· Higher-layer configures HARQ-ACK feedback window for each slot which has the potential to be used for DL data scheduling.
· The HARQ-ACK feedback for a slot is multiplexed on HARQ-ACK codebook when the feedback occurs within the HARQ-ACK feedback window associated with the slot.
· Every time the feedback occurs within the HARQ-ACK feedback window associated with the slot, the HARQ-ACK bit for the slot is multiplexed on the HARQ-ACK codebook.
· For a HARQ-ACK codebook at each feedback, position of the HARQ-ACK bit for the slot is shifted within the codebook depending on transmission timing.
· For a slot where the UE does not detect scheduled DL data, the UE generates NACK for the slot. 
· The HARQ-ACK feedback timing window can realize semi-static HARQ-ACK codebook determination for FDD, TDD, and dynamic TDD, with and without CA, with semi-static/dynamic HARQ-ACK feedback timing.

Dynamic HARQ-ACK codebook adaptation
For dynamic HARQ-ACK codebook adaptation, it is desirable for a UE to determine HARQ-ACK codebook such that HARQ-ACK bits for actually scheduled DL data are only included, so that UCI payload can be adjusted based on the amount of scheduled DL data. In order to ensure the common understanding of HARQ-ACK codebook even with a certain probability of PDCCH miss-detection, LTE adopts counter-DAI and total-DAI in Rel. 13. With them, PDCCH miss-detection can be detected by checking counter-DAIs and total-DAIs in the other detected PDCCHs. For dynamic HARQ-ACK codebook adaptation for NR, similarly to LTE, counter-DAI and total-DAI should also be used.
The combination of counter-DAI and total-DAI is effective to ensure the common understanding of dynamic HARQ-ACK codebook adaptation over slots/carriers, but it is for semi-static HARQ-ACK feedback timing. Under the condition that gNB and UE have common understanding of overall slots/carriers where the HARQ-ACK feedback may be necessary at the slot, the HARQ-ACK codebook can be determined. 
Then, dynamic HARQ-ACK feedback timing may require additional mechanisms to ensure understanding on HARQ-ACK codebook. Counter-DAI and total-DAI can inform the miss-detected DCI(s), but cannot inform to which HARQ-ACK feedback timing the miss-detected DCI(s) indicates. In order to resolve this, HARQ-ACK feedback timing window can be combined with the usage of counter-DAI + total-DAI. That is, on top of setting HARQ-ACK feedback timing window described in the above for semi-static HARQ-ACK codebook determination, whether the HARQ-ACK feedback timing window for a slot is needed or not is determined by whether there is a scheduled DL data on the slot, which is identified according to the counter-DAI + total DAI over the detected DCIs. By this, combination of dynamic HARQ-ACK codebook adaptation and dynamic HARQ-ACK feedback timing is enabled.
Proposal 6:
· Dynamic HARQ-ACK codebook adaptation is realized by counter-DAI + total DAI in each scheduling DCI.
· Combination of dynamic HARQ-ACK codebook adaptation and dynamic HARQ-ACK feedback timing is realized by the combination of (1) counter-DAI + total DAI in each scheduling DCI, and (2) HARQ-ACK feedback timing window.

3.2. CBG-based (re)transmission [1]
CBG-based (re)transmission is effective only if the UE reports HARQ-ACK for each CBG(s) in a TB. It was agreed at RAN1#90 that the HARQ-ACK codebook for a TB includes HARQ-ACK corresponding to all the CBGs (including non-scheduled CBGs). The follow up question is whether/how to support dynamic HARQ-ACK codebook for a TB in case CBG-based (re)transmission. Support of dynamic HARQ-ACK codebook for a TB would be beneficial, but the increased complexity and standardization effort should be taken into account.
Considering the use-case of CBG-based (re)transmission, the UE would typically be in good condition to achieve high throughput since one TB includes many CBs. Therefore, it is acceptable to fix HARQ-ACK codebook for a TB in many cases (except for fallback mode). On the other hand, if the HARQ-ACK codebook is fixed for a TB and for all TBs over slots/carriers all the time in case of CBG-based (re)transmission, the HARQ-ACK payload would become quite large. Therefore, it is suggested to de-couple semi-static/dynamic HARQ-ACK codebook determination across TBs and HARQ-ACK codebook for a TB with CBGs. Then, even if the HARQ-ACK codebook per TB is semi-statically fixed for CBG-based (re)transmission, it should be possible to realize dynamic/semi-static HARQ-ACK codebook determination across TBs.
Proposal 7:
· For CBG-based (re)transmission, at least following is supported.
· HARQ-ACK codebook for a TB is semi-statically determined, and HARQ-ACK codebook across TBs over slots/carriers is configured to be semi-static or dynamic.

3.3. Multi-TRP transmission
At RAN1#90, it was agreed that two PDCCHs schedules different CWs on one slot of PDSCH by different TRPs. According to the discussion, the main use-case would be non-ideal backhaul between TRPs. In such situation, dynamic HARQ-ACK codebook for HARQ-ACK bits for TRPs is not possible. The only way to handle HARQ-ACK feedback for multi-TRP transmission is semi-static HARQ-ACK codebook. For example, even if TRP#1 only schedules one CW of PDSCH at a time, the UE reports two HARQ-ACK bits for the two CWs, where the HARQ-ACK bit the UE did not detect the scheduling DCI is set to NACK.
Proposal 8:
· For multi-TRP transmission, at least following is supported.
· HARQ-ACK codebook for CWs of a given PDSCH is semi-statically determined, and HARQ-ACK codebook across TBs over slots/ carriers is configured to be semi-static or dynamic.

4. HARQ-ACK feedback before ending the repetition for data repetition
For URLLC, the most important tools to ensure high reliability within a delay boundary are: (1) higher diversity in three dimensions; time, frequency, and spatial-domain, and (2) higher coding gain. Both (1) and (2) offers reliability improvement at the cost of larger amount of resources (here layer is counted as resource). If there is a dedicated carrier available for URLLC and the traffic load of the carrier is low, just increasing the amount of resources to achieve (1) or (2) could be sufficient. However, URLLC may be multiplexed with eMBB on the same carrier. Further, even if there is a dedicated carrier, URLLC traffic may be highly loaded in future. Therefore, it is important for URLLC design to achieve high spectral efficiency. As discussed in [2], we believe that HARQ operation using HARQ-ACK feedback and HARQ combining is important not only for eMBB but also for URLLC.
For uplink, both UL grant-based transmission and UL grant-free transmission are supported for URLLC traffic. In addition, transmitting the same TB with K repetitions is also agreed to improve the reliability [3]. Although, there is no agreements on supporting the repetition for downlink data transmission to improve the reliability, it is natural to support repetitions for NR PDSCH transmission as well. For both PDSCH and PUSCH transmission, details on the repetitions are needed.
In the case of repetitions, it is possible that the receiver can finish processing the data and prepare the acknowledgement before the repetitions are finished. If the UE can send an ACK for the data before the repetitions end, the repetitions can be terminated, resulting in skipping further unnecessary processing of the repeated data, and resulting in reducing interference. Following two cases can be considered to determine which HARQ operation should be used for repetition.
· Case 1: time duration derived by P is larger than the time duration derived by K repetitions, where P is the minimum amount of slot(s)/symbol(s) before the DCI can schedule the PDSCH for the same HARQ process, see Fig. 7 (a). 
· Case 2: time duration derived by P is smaller than the time duration derived by K repetitions, see Fig. 7 (b). 
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(a) Case 1
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(b) Case 2
Fig. 7 HARQ operation for data transmission with K repetitions
As shown in Fig. 7 (a), the benefits of transmitting acknowledgement to early terminate the repetition disappear given the composite factors of the processing time at gNB and UE side, frame structure i.e. DL/UL switching periodicity and the number of repetitions. Therefore, for Case 1, the HARQ operation adopting the type of an acknowledgement/indication of successful receiving of the TB to terminate the repetitions is not suitable. Instead, for Case 1, all repetitions should be treated as a bundle, so that the resource and the timing for the HARQ-ACK feedback is tied with the bundle. One ACK or NACK is transmitted based on the decoding results of the combined repetitions. gNB can decide to schedule a new transmission or re-transmission after receiving the HARQ-ACK feedback for the entire repetitions.
For Case 2, it is beneficial to terminate the repetitions by sending an acknowledgement/indication of successful receiving of the TB. In this case, each repetition determines the timing and the resource for ‘ACK’ transmission. The actual transmission of ‘ACK’ only happens when the data is correctly decoded. When the K repetition is achieved while the UE still does not correctly decode the data, it transmits nothing and gNB should re-schedule the data for the same HARQ process. 
Based on above analysis, following two types of the scheduling/HARQ operations for repetitions can be derived, and it is beneficial to configure different type to cater for different use cases. 
· Type 1 scheduling/HARQ operation: as a bundle, the K repetitions has one HARQ-ACK feedback. 
· ACK is transmitted if the data is correctly decoded; otherwise NACK is transmitted.  
· Type 2 scheduling/HARQ operation: each repetition determines one ‘ACK’ feedback resource.
· Only ACK is transmitted when the data is correctly decoded, and the ACK can terminate the following repetitions.  
· When K repetition is achieved while the data is still not correctly decoded, at least for both DL and UL with UL grant, gNB should re-schedule the data.

Proposal 9:
· For data repetitions over multiple slots, following two types of HARQ operations are enabled:
· Type 1 HARQ operation: as a bundle, the K repetitions has one HARQ-ACK feedback. 
· ACK is transmitted if the data is correctly decoded; otherwise NACK is transmitted.  
· Type 2 HARQ operation: each repetition determines one ‘ACK’ feedback resource.
· Only ACK is transmitted when the data is correctly decoded, and the ACK can terminate the following repetitions.  
· When K repetition is achieved while the data is still not correctly decoded, at least for both DL and UL with UL grant, gNB should re-schedule the data.
· FFS UL data transmission without grant.

5. Re-transmission before HARQ-ACK feedback
Current specification supports asynchronous HARQ operations for both DL and UL. Therefore, there is no need to specify the timing for re-transmission. However, it is reasonable to assume that for re-transmitted TB/CBG(s) caused by usual errors, gNB should re-schedule the TB/CBG(s) after decoding the HARQ-ACK feedback; while for re-transmitted TB/CBG(s) caused by pre-emption/puncturing, gNB can re-schedule the TB/CBG(s) as soon as possible without waiting the HARQ-ACK feedback. 
For the re-transmission before HARQ-ACK feedback, the remaining issue is UE behavior on whether to transmit or to suspend the HARQ-ACK for the original transmission. It is reasonable to consider that gNB indicates HARQ-ACK feedback timing for a data enough later, so that the UE can complete the data decoding and HARQ-ACK feedback generation. However, if a re-transmission of TB/CBG(s) is received later than the initial transmission but before the HARQ-ACK feedback, the time distance between the re-transmission and the originally indicated HARQ-ACK feedback may not be enough to complete decoding taking into account the re-transmission.
As agreed that the timing for HARQ-ACK feedback can be dynamically indicated in the scheduling DCI, it is easy to update/overwrite the HARQ-ACK timing as long as above time gap and UE processing capability is allowable. Alternatively, regardless of processing UE capability, always enable HARQ-ACK feedback for every transmission i.e., previous and subsequent transmission can also be considered.
Proposal 10:
· Re-transmission before HARQ-ACK feedback is enabled.
· gNB can schedule DL data before receiving HARQ-ACK feedback.
· In order to ensure re-transmitted data is decodable without initially-transmitted data, NR specification supports following:
· NDI is toggled in case of new data transmission.
· TBS is kept between initial transmission and re-transmission with the same/different number of PRBs/symbols and/or the same/different MCSs.
· The DCI scheduling the re-transmission of TB/CBG(s) indicates HARQ-ACK feedback timing/resource.
· UE shall at least transmit HARQ-ACK feedback on the timing/resource.
· UE is allowed to transmit HARQ-ACK feedback on the originally indicated timing/resource if it is not possible to cancel it.
· UE can transmit UL data before receiving acknowledgement.
· This is equivalent to Type 2 HARQ operation in proposal 9.

6. Conclusion
In this contribution, we discussed HARQ-ACK feedback for NR, and proposed following:
Proposal 1:
· Support both RRC-based semi-static configuration and scheduling DCI-based dynamic indication of data starting position, ending position, and the data scheduled timing. 
· For RRC-based semi-static configuration, a set of {starting position, ending position, and scheduled timing} are configured by RRC signaling.
· Exact configuration depends on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
· The set of {starting position, ending position, and scheduled timing} can be different for different scheduling timing.
· For DCI-based dynamic indication, 2n sets of {starting position, ending position, and scheduled timing} are configured by RRC signaling, and the scheduling DCI indicates one of them by n-bit field.
· Exact configuration depends on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
· The sets of {starting position, ending position, and scheduled timing} can be different for different scheduling timing.
· Consider n=2.
Proposal 2:
· Support both RRC-based semi-static configuration and scheduling DCI-based dynamic indication of data starting position, ending position, and the HARQ-ACK feedback timing. 
· For RRC-based semi-static configuration, a set of {starting position, ending position, and HARQ-ACK feedback timing} are configured by RRC signaling.
· Exact configuration depends on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
· The set of {starting position, ending position, and HARQ-ACK feedback timing} can be different for different scheduling timing.
· For DCI-based dynamic indication, 2m sets of {starting position, ending position, and HARQ-ACK feedback timing} are configured by RRC signaling, and the scheduling DCI indicates one of them by m-bit field.
· Exact configuration depends on whether the scheduling is slot scheduling, multi-slot scheduling, mini-slot scheduling, or multi-mini-slot scheduling.
· The sets of {starting position, ending position, and HARQ-ACK feedback timing} can be different for different scheduling timing.
· Consider m=2.
Proposal 3:
· For multi-slot scheduling, starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
· For HARQ-ACK handling (e.g., puncturing/rate-matching, mapping pattern, etc), HARQ-ACK piggyback on PUSCH for a slot scheduling is re-used.
· For HARQ-ACK of the DL data scheduled at the same timing as scheduling PUSCH over the K slots, handling is same as for slot-based scheduling.
· For HARQ-ACK of the DL data scheduled after the timing of scheduling PUSCH over the K slots, puncturing is carried out.
Proposal 4:
· For mini-slot-based scheduling, starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
· For HARQ-ACK handling (e.g., puncturing/rate-matching, mapping pattern, etc), HARQ-ACK piggyback on PUSCH for a slot scheduling is not re-used, and additional mechanisms shall be considered.
· For HARQ-ACK of the DL data scheduled at the same timing as scheduling PDSCH, handling either rate-matching or puncturing.
· For HARQ-ACK of the DL data scheduled after the timing of scheduling PDSCH, puncturing is carried out. 
Proposal 5:
· Introduce HARQ-ACK feedback timing window.
· Higher-layer configures HARQ-ACK feedback window for each slot which has the potential to be used for DL data scheduling.
· The HARQ-ACK feedback for a slot is multiplexed on HARQ-ACK codebook when the feedback occurs within the HARQ-ACK feedback window associated with the slot.
· Every time the feedback occurs within the HARQ-ACK feedback window associated with the slot, the HARQ-ACK bit for the slot is multiplexed on the HARQ-ACK codebook.
· For a HARQ-ACK codebook at each feedback, position of the HARQ-ACK bit for the slot is shifted within the codebook depending on transmission timing.
· For a slot where the UE does not detect scheduled DL data, the UE generates NACK for the slot. 
· The HARQ-ACK feedback timing window can realize semi-static HARQ-ACK codebook determination for FDD, TDD, and dynamic TDD, with and without CA, with semi-static/dynamic HARQ-ACK feedback timing.
Proposal 6:
· Dynamic HARQ-ACK codebook adaptation is realized by counter-DAI + total DAI in each scheduling DCI.
· Combination of dynamic HARQ-ACK codebook adaptation and dynamic HARQ-ACK feedback timing is realized by the combination of (1) counter-DAI + total DAI in each scheduling DCI, and (2) HARQ-ACK feedback timing window.
Proposal 7:
· For CBG-based (re)transmission, at least following is supported.
· HARQ-ACK codebook for a TB is semi-statically determined, and HARQ-ACK codebook across TBs over slots/carriers is configured to be semi-static or dynamic.
Proposal 8:
· For multi-TRP transmission, at least following is supported.
· HARQ-ACK codebook for CWs of a given PDSCH is semi-statically determined, and HARQ-ACK codebook across TBs over slots/ carriers is configured to be semi-static or dynamic.
Proposal 9:
· For data repetitions over multiple slots, following two types of HARQ operations are enabled:
· Type 1 HARQ operation: as a bundle, the K repetitions has one HARQ-ACK feedback. 
· ACK is transmitted if the data is correctly decoded; otherwise NACK is transmitted.  
· Type 2 HARQ operation: each repetition determines one ‘ACK’ feedback resource.
· Only ACK is transmitted when the data is correctly decoded, and the ACK can terminate the following repetitions.  
· When K repetition is achieved while the data is still not correctly decoded, at least for both DL and UL with UL grant, gNB should re-schedule the data.
· FFS UL data transmission without grant.
Proposal 10:
· Re-transmission before HARQ-ACK feedback is enabled.
· gNB can schedule DL data before receiving HARQ-ACK feedback.
· In order to ensure re-transmitted data is decodable without initially-transmitted data, NR specification supports following:
· NDI is toggled in case of new data transmission.
· TBS is kept between initial transmission and re-transmission with the same/different number of PRBs/symbols and/or the same/different MCSs.
· The DCI scheduling the re-transmission of TB/CBG(s) indicates HARQ-ACK feedback timing/resource.
· UE shall at least transmit HARQ-ACK feedback on the timing/resource.
· UE is allowed to transmit HARQ-ACK feedback on the originally indicated timing/resource if it is not possible to cancel it.
· UE can transmit UL data before receiving acknowledgement.
· This is equivalent to Type 2 HARQ operation in proposal 9.
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