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1. Introduction
In this contribution, remaining details on following aspects are discussed.
· HARQ-ACK feedback timing
· HARQ-ACK multiplexing
· Number of HARQ processes
· Re-transmission before HARQ-ACK feedback
Related discussion is found in [1].
2. HARQ management
2.1. HARQ-ACK feedback timing
As for HARQ-ACK feedback timing, following agreements have been made:
	Agreements:
· The timing between DL data transmission and acknowledgement is determined based on 0 or [2] bits in DCI 
· For both slot and non-slot scheduling, the timing provides the indication to determine the slot and the symbol(s) for the HARQ-ACK transmission
· In case of [2]-bits, FFS the actual set of values for slot-based scheduling and non-slot based scheduling, respectively
· In case of 0-bit, FFS how to determine the single timing (e.g., UE capability dependent, whether or not to have RRC configuration, the interactions with different cases (e.g., initial access), etc.)
· FFS whether or not to have separate information fields or a same information field for HARQ-ACK resource determation and HARQ-timing determination
Conclusion:
· Discuss further offline how to determine HARQ-ACK payload size when two or more PDSCH transmissions are associated with a single UL transmission using PUCCH or PUSCH (e.g., semi-static determination, dynamic determination based on DAI mechanism similar to LTE, etc.)



For semi-static TDD or for FDD, HARQ-ACK feedback timing is not required to be dynamic. For such case, it is not necessary to include HARQ-ACK feedback timing indication field in the DCI. As per agreement, in case of 0 bit, single HARQ-ACK feedback timing should be determined for each PDSCH. For non-fallback DCI, the timing should be UE-specifically configurable. More specifically, HARQ-ACK feedback timing should be able to be configured differently depending on where/how a PDSCH is scheduled. For example, for slot-based scheduling, HARQ-ACK timing for the data in the slot n should be configured to slot n+k(n), where k(n) for each n is configurable by UE-specific RRC. For fallback DCI, the timing should be fixed by the spec or should be configurable by RMSI. Considering the flexibility, RMSI based configurability is our preference.
For dynamic TDD, dynamic indication of HARQ-ACK feedback timing is essential. Multiple candidate timings are configured by RRC signaling, and one of them is selected according to a DCI indication field. As for this field, 2 bits would be sufficient considering the trade-off between signallng overhead and flexibility. This field should not be jointly coded with HARQ-ACK resource indication field (if present); HARQ-ACK resource should be indexed without taking into account where the PDSCH for the HARQ-ACK feedback is. This separation can make HARQ-ACK resource management being simpler, as different UEs may feedback HARQ-ACK on the same timing while the scheduled PDSCH timings could be different.
Note that the semi-static TDD and dynamic TDD are not fully exclusive; some resources can be fixed to DL or UL, and some other resources can be used as dynamic TDD. Therefore, having 2 bits HARQ-ACK feedback timing indication field should be configurable by UE-specific RRC signalling without tying with semi-static/dynamic TDD operation.
Proposal 1:
· 2 bits HARQ-ACK timing indication field is enabled/disabled in the DL scheduling DCI in the UE-specific search space.
· When disabled, for each possible PDSCH timing, HARQ-ACK timing is configured.
· For slot-based scheduling, for a PDSCH at slot n, the HARQ-ACK timing is configured to slot n+k(n).
· Note: different value of k(n) is configurable for different value of n.
· For non-slot-based scheduling, for a PDSCH ending at symbol m of a slot n, HARQ-ACK timing is configured to start at symbol j of slot n+k(n).
· HARQ-ACK timing indication field is not present on DL scheduling DCI in the UE-common search space.
· Single timing is configured by RMSI.

2.2. HARQ-ACK multiplexing
[bookmark: _Hlk498754231]On HARQ-ACK multiplexing, following agreements were made at RAN1#90bis meeting:
	Agreements:
· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration
· Note: the “by-configuration” is also applicable to the CA case
Agreements:
· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration
· HARQ-ACK codebook determination based on counter DAI and total DAI
· Use LTE as starting point
· FFS details
Agreements:
·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 
· Configured number of DL Cells
· The max number of TBs based on configuration for each DL cell
· Configured number of CBGs per TB per configured DL cell
· FFS: Handling of different numerology between UL and DL
· Details FFS
· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell
· Details FFS
Agreements:
· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,
· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs
· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs

Agreements:
· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback



In the following, we provide unified solution for HARQ-ACK multiplexing on one channel with semi-static HARQ-ACK codebook determination and dynamic HARQ-ACK codebook determination. Either works with both semi-static HARQ-ACK feedback timing determination and dynamic HARQ-ACK feedback timing determination.
Semi-static HARQ-ACK codebook determination
In general, we consider that semi-static HARQ-ACK codebook determination should simply follow LTE mechanism; association between PDSCH timing and HARQ-ACK feedback timing for the PDSCH is semi-statically configured, and no matter whether the PDSCH is actually scheduled or not, the UE generates HARQ-ACK bit for the (possible) PDSCH. No DAI fields in the DL assignment are necessary. Note that ‘fallback mechanism’ of HARQ-ACK feedback should be available; if the HARQ-ACK feedback is for one PDSCH on PCell only, PUCCH format 0 or PUCCH format 2 should be used as the ‘fallback’ PUCCH, while if it is more than 2 bits, PUCCH format 1 or PUCCH format 3/4 is used, with generating the HARQ-ACK bits for all the (possible) PDSCHs.
Apart from LTE, NR supports dynamic HARQ-ACK feedback timing. Semi-static HARQ-ACK codebook determination should be available together with the dynamic HARQ-ACK feedback timing. This can be realized by the following:
· For each PDSCH occasion, one or multiple HARQ-ACK feedback occasions are configured.
· As long as HARQ-ACK feedback occurs  at one of the HARQ-ACK feedback occasions for a PDSCH, the UE shall transmit HARQ-ACK for the PDSCH occasion.
· At a HARQ-ACK feedback occasion, the HARQ-ACK bits are ordered in time; HARQ-ACK for older PDSCH comes first in the codebook. More generally, the order is small-to-large CW number in spatial-domain, low-to-high in frequency-domain, and old-to-new in time-domain.
· It is up to gNB when to indicate the HARQ-ACK feedback. Depending on dynamic HARQ-ACK feedback timing indication, a HARQ-ACK bit for a PDSCH may be transmitted zero, one, or multiple times.
Fig. 1 illustrates an example on how UE determines HARQ-ACK codebook in the above proposal. Here, it is assumed that for any PDSCH, corresponding HARQ-ACK feedback occasions are 1, 2, 3, and 4 time unit later, where the time unit can be slot or mini-slot. HARQ-ACK feedback is assumed to be indicated in time unit #1, #4, #9, #10, and #11, due to some reasons. At each feedback timing, HARQ-ACK bits for 4 PDSCHs in -1, -2, -3, and -4 time units, are multiplexed. By this, irrespective of when the UE is required to transmit HARQ-ACK, the HARQ-ACK codebook can be constructed based on semi-static configuration. It is up to gNB scheduler whether to indicate HARQ-ACK feedback frequently or infrequently; in either case, the HARQ-ACK codebook can be determined semi-statically.
Note that HARQ-ACK timings for PDSCH are not necessarily uniform across different PDSCH occasions.
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Fig. 1	Semi-static HARQ-ACK codebook determination with dynamic HARQ-ACK feedback timing.

Proposal 2:
· If a UE is configured with semi-static HARQ-ACK codebook determination, no DAI field is present in the DCI scheduling a PDSCH.
· For semi-static HARQ-ACK codebook determination,
· One or more HARQ-ACK feedback occasions are configured for each PDSCH occasion.
· As long as the HARQ-ACK feedback occurs at one of the HARQ-ACK feedback occasions for a PDSCH occasion, the UE shall generate and transmit HARQ-ACK for the PDSCH occasion.
· At a HARQ-ACK feedback occasion, HARQ-ACK bits are ordered  in (1) spetial-domain, (2) frequency-domain, and (3) time-domain, in the codebook.
· Support HARQ-ACK transmission on “fallback” PUCCH when the HARQ-ACK feedback is only for one scheduled PDSCH on PCell.

Dynamic HARQ-ACK codebook determination
Above semi-static HARQ-ACK codebook determination can be extended to dynamic HARQ-ACK codebook determination. Counter DAI is necessary in each DL assignment to know miss detection of DL assignment over the set of DL assignments where the HARQ-ACK codebook (a.k.a HARQ-ACK bundling window) is constructed. However, UE cannot identify miss detection of the last DL assignment in the HARQ-ACK bundling window by the counter DAI. The miss detection problem of the last DL assignment for the given HARQ-ACK bundling window can be resolved by indicating different PUCCH resource for the last DL assignment; depending on whether the UE detects the last DL assignment in the HARQ-ACK bundling window, the UE transmits HARQ-ACK codebook using different PUCCH resource. 
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Fig. 1	Dynamic HARQ-ACK codebook adaptation with counter DAI.
In case of CA, counter DAI value accumulation should be over frequency and time. The miss detection of the last DL assignment is problematic further; all the following cases cannot be resolved by the counter DAI:
· The last DL assignment over the carrier for a given PDSCH occasion
· The last DL assignment over the time for a given HARQ-ACK bundling window
For the first case, the same solution for the case of non-CA is applicable; for the last DL assignment over the carrier for a given PDSCH occasion, different PUCCH resource can be assigned. However, in case of TDD where a HARQ-ACK bundling window contains multiple PDSCH occasions, large number of PUCCH resources need to be reserved. In order to resolve this, total DAI which indicates total number of HARQ-ACK bits per PDSCH occasion is useful. For the second case, same solution as in non-CA is applicable. Figure 2 illustrates the example.
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Fig. 2	Dynamic HARQ-ACK codebook adaptation with counter DAI and total DAI.
Total DAI can improve the robustness of HARQ-ACK codebook determination while increases the overhead in the DL assignments. Besides, its effectiveness depends on how many CCs are configured to the UE. Therefore, the use of total DAI should be configurable by a specific RRC parameter; not always present in case of dynamic HARQ-ACK codebook determination.
Above is the principle of how to determine the HARQ-ACK codebook in case of dynamic HARQ-ACK codebook adaptation. Besides the above, semi-static HARQ-ACK timing or dynamic HARQ-ACK timing is configured. On top of the configuration for the semi-static HARQ-ACK codebook determination explained above in this contribution, the use of counter-DAI (and total DAI) should be configurable. 
Proposal 3:
· For dynamic HARQ-ACK codebook determination,
· Counter DAI is used, and in addition, total DAI can be configured by a separate RRC parameter.
· One or more HARQ-ACK feedback occasions are configured for each PDSCH occasion.
· As long as the UE is required to transmit HARQ-ACK feedback in a HARQ-ACK feedback occasion for a PDSCH occasion, and the UE detects there is a scheduled PDSCH based on the DAI field(s), the UE generates HARQ-ACK bit for the PDSCH.
· For a given HARQ-ACK codebook, HARQ-ACK bit order is (1) spetial-domain, (2) frequency-domain, and (3) time-domain.
· Support HARQ-ACK transmission on “fallback” PUCCH when the UE has 1 or 2 HARQ-ACK bits.

2.3. Number of HARQ processes
Regarding the necessary number of HARQ processes, there is no status change; we do not see a specific reason to fix it to 8, while some fundamental reasons to make it 16. For TD-LTE and NR adjacent carrier operation with SCS = 30kHz for NR, if the number of HARQ processes is 8, it is not possible for a UE to achieve carrier peak data rate due to the lack of HARQ processes. For C-RAN operation or for distributed (non-centralized) BBUs, additional gNB processing delay should be absorbed by HARQ RTT.
In LTE TDD, maximum number of HARQ processes is already exceeding 8. In order to address UE implementation concern (i.e., to address huge soft-buffer size), RAN1 made an agreement that Tx RV buffer and Rx soft-buffer are de-coupled. So, actual disadvantage of specifying 16 HARQ processes is only 1 bit overhead increase in the DCI to indicate 16 HARQ processes, which is really negligible. Therefore, we propose to fix the NR maximum number of HARQ processes to be 16.
Proposal 4:
· Maximum number of HARQ processes for a given carrier for a UE is 16.

2.4. 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 5:
· 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.

3. Conclusion
In this contribution, we discussed HARQ-ACK feedback for NR, and proposed following:
Proposal 1:
· 2 bits HARQ-ACK timing indication field is enabled/disabled in the DL scheduling DCI in the UE-specific search space.
· When disabled, for each possible PDSCH timing, HARQ-ACK timing is configured.
· For slot-based scheduling, for a PDSCH at slot n, the HARQ-ACK timing is configured to slot n+k(n).
· Note: different value of k(n) is configurable for different value of n.
· For non-slot-based scheduling, for a PDSCH ending at symbol m of a slot n, HARQ-ACK timing is configured to start at symbol j of slot n+k(n).
· HARQ-ACK timing indication field is not present on DL scheduling DCI in the UE-common search space.
· Single timing is configured by RMSI.
Proposal 2:
· If a UE is configured with semi-static HARQ-ACK codebook determination, no DAI field is present in the DCI scheduling a PDSCH.
· For semi-static HARQ-ACK codebook determination,
· One or more HARQ-ACK feedback occasions are configured for each PDSCH occasion.
· As long as the HARQ-ACK feedback occurs at one of the HARQ-ACK feedback occasions for a PDSCH occasion, the UE shall generate and transmit HARQ-ACK for the PDSCH occasion.
· At a HARQ-ACK feedback occasion, HARQ-ACK bits are ordered  in (1) spetial-domain, (2) frequency-domain, and (3) time-domain, in the codebook.
· Support HARQ-ACK transmission on “fallback” PUCCH when the HARQ-ACK feedback is only for one scheduled PDSCH on PCell.
Proposal 3:
· For dynamic HARQ-ACK codebook determination,
· Counter DAI is used, and in addition, total DAI can be configured by a separate RRC parameter.
· One or more HARQ-ACK feedback occasions are configured for each PDSCH occasion.
· As long as the UE is required to transmit HARQ-ACK feedback in a HARQ-ACK feedback occasion for a PDSCH occasion, and the UE detects there is a scheduled PDSCH based on the DAI field(s), the UE generates HARQ-ACK bit for the PDSCH.
· For a given HARQ-ACK codebook, HARQ-ACK bit order is (1) spetial-domain, (2) frequency-domain, and (3) time-domain.
· Support HARQ-ACK transmission on “fallback” PUCCH when the UE has 1 or 2 HARQ-ACK bits.
Proposal 4:
· Maximum number of HARQ processes for a given carrier for a UE is 16.
Proposal 5:
· 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.
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