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In RAN Meeting #82, a new work item for NR-U was approved [1]. Included in the work item description are the following objectives for enhancements in HARQ operation:
	Objectives:
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)



In past RAN1 meetings, the following agreements on HARQ-ACK transmission were agreed [2-5]: 
	Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result

Conclusion:
· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR38.889 section 7.2.1.3.3)
· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case
· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT
· If additional values are introduced these can also be used for requesting feedback outside the COT
· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested

Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)

Agreement:
Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.


Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.

Agreement:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion

Agreement:
For operation with dynamic HARQ codebook (type-2 codebook):
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· For any PDSCH scheduled with numerical or non-numerical value of K1
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH 
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH
· C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
· T-DAI is included only for the scheduled group
· T-DAI is included for each group
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH)
· A UE can signal support of this feature as part of capability signaling




In past RAN1 meetings, the following agreements on multi-TTI PUSCH transmission were agreed [2-5]: 
	Agreement:
Scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs
· Each TB is mapped to at most one slot or one mini-slot

Agreement:
For multiple PUSCHs scheduled by a single DCI
· The following fields in the DCI are signalled per PUSCH
· NDI
· RV (FFS: compression scheme for RV)
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)
· Time domain resource assignment mechanism is enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs, and their starting and ending symbols
· At least continuous time domain resource assignment is supported 
· FFS: whether multiple mapping Type B PUSCHs is allowed within the first slot
· FFS: whether multiple starting positions is allowed for UE-initiated COT (discussed as part of agenda 7.2.2.1.3) 
· FFS: configuration/signalling details
· CSI request field in the DCI applies to a single PUSCH
· FFS: relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback, and how to determine which PUSCH carries the CSI feedback
· FFS: Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs
· FFS: Potential impact on MCS signalling for re-transmission
· Note: Indication of the LBT type and priority class should be possible with the DCI
· Note: SRS request field in the DCI applies to a single slot with the applicable slot signalled as in Rel-15
· Note: The number of DAI fields is not increased as compared to the single PUSCH scheduling DCI in Rel-16. Applicability of the DAI field is the same as multi-slot PUSCH scheduling in Rel-15.




Based on the above progress, we provide more designs for HARQ-ACK transmission and uplink scheduling.
DL HARQ-ACK feedback enhancement
Reliable and efficient HARQ-ACK feedback transmission becomes more of an important issue when it comes to standalone mode, which is not backed by licensed carrier. In the sequel, it is assumed that DL HARQ-ACK is transmitted over unlicensed spectrum, if PUCCH is supported on an unlicensed cell. One of the main problems of sending DL HARQ-ACK is the unpredictability of UL transmission opportunity in time due to LBT. To overcome this unpredictability and ensure feedback is safely received, we need to enhance the HARQ ACK codebook and transmission schemes.
Self-Contained COT HARQ-ACK Feedback
For the case that the HARQ feedback corresponding to the PDSCH of a channel occupancy is inside the same channel occupancy, the triggering can be based on Rel-15 NR PDSCH-to-HARQ-timing parameter with potential modifications, which was already agreed to be beneficial. In addition to what has already been agreed, it is also beneficial to address a solution for limiting the gap between the last DL transmission and the first UL transmission within the COT in order to have the gap size as short as to guarantee that Cat-1 or Cat-2 LBT is used. One method would be to fill the gap with DL signals, such as PDCCH/PDSCH for other UEs, or with pre-configured UL signals, such as CSI reporting or SRS. 
Proposal 1: For HARQ-ACK feedback within a self-contained COT, it is beneficial to limit the gap between the last DL transmission and the following first UL transmission.
Value range and field size of K1
Another consideration that needs to be taken into account is the impact of LBT channel access on the K1 value indicated by the DCI. As of now, Rel-15 NR supports up to a value of 15 for K1 but taking into account the unlicensed band operation using a COT, whether K1 values in Rel-15 NR are sufficient or not for NR-U may need to be discussed. 
When accounting for a large amount of slots with 60 kHz SCS, i.e. up to 40 slots in 10ms COT, it may seem to be beneficial to support extending the supported values of K1. However, if multiple switching points is supported in NR-U, the more switching points introduced within a COT ensure more opportunities for HARQ-ACK feedback within a COT. Since PUCCH would not be constrained to the end of the COT, the Rel-15 NR K1 values could be enough to indicate a PUCCH opportunity within the COT. And also it was agreed to use undefined K1 value, which can be used for the case that larger K1 value is needed. For more details, in the last meeting, it was agreed that a non-numerical K1 value could be used so that the the timing and resource for the HARQ-ACK feedback is provided by a postponed DCI. The non-numerical K1 value was mainly discussed for cross-COT case but it could be also used for HARQ-ACK feedback within a COT especially for large SCS cases. That is, if the feedback delay between a PDSCH and corresponding PUCCH is larger than the maximum K1 value configured by RRC, the non-numerical K1 value could be used in the corresponding DCI. Therefore, it is not suggested to introduce larger K1 values compared to Rel-15 NR. Accordingly, there is no need to change number of bits for PDSCH-to-HARQ-timing-indicator in DCI.
For the generalization of the usage of non-numerical K1 value, if the feedback delay between a PDSCH and corresponding PUCCH doesn’t belong to the configured numerical K1 values by RRC, the non-numerical K1 value could be used along with other PDSCH where numerical K1 value is indicated. As shown in Figure 1, assuming K1=15, 6, 4 are configured by RRC, a non-numerical K1 could be used to scheduled D15 and D16 for which HARQ-ACK transmission could follow D5, D12 and D16. There are other PDSCHs that could be scheduled to the UE for HARQ-ACK feedback in the PUCCH while there is no proper K1 value configured for other positions. In this case, the non-numerical K1 value could be used by linking to other DCIs where numerical value of K1 is available.


Figure 1: non-contiguous configured values of K1
Proposal 2: No larger value of K1 is introduced and keep 3-bit field for PDSCH-to-HARQ-timing-indicator in DCI. 
Proposal 3: The non-numerical value of K1 is to indicate to the UE that the timing and resource for the HARQ-ACK feedback for the corresponding PDSCH is provided by another DCI.
· The DCI with non-numerical value of K1 can be either later or earlier than the other DCI with numerical value of K1
Cross-COT HARQ-ACK Feedback
The HARQ-ACK for a PDSCH in a COT may have to be transmitted outside the same COT due to e.g. the restriction of UE processing time. That is, a numerical K1 in a DCI indicates a certain timing which is out of the COT. In this case, the UE will try to acquire the COT at least for the transmission of HARQ-ACK in the timing indicated by the gNB. If the gNB can acquire a new COT before the UE acquires it, HARQ-ACK may be transmitted inside the new gNB-acquired COT if gNB shares it to UE for the uplink transmissions. However, it is not always guaranteed that the gNB can obtain the new COT and share the new COT to UE in time. 
Proposal 4: UE attempts reporting of the HARQ-ACK at the indicated time if it is outside of the COT. If the COT is again acquired by the gNB, UE may also transmit the HARQ-ACK if the COT is shared by the gNB.
Dynamic HARQ-ACK Codebook 
Due to the LBT mechanism enforced by the regulation, we may need to consider the case that HARQ-ACK transmission fails due to LBT.  If a UE fails LBT for the transmission of HARQ-ACK, the UE may lose the chance to transmit the PUCCH carrying HARQ-ACK. On the other hand, even when the PUCCH carrying HARQ-ACK is transmitted by the UE, it is also possible the gNB may not be able to correctly decode the PUCCH possibly due to the unexpected interference at the gNB side. According to the agreements given in section 1, gNB could trigger retransmission of HARQ-ACK if the HARQ-ACK is missed either by LBT failure or gNB detection errors. 
According to the agreements made in the last meeting on dynamic HARQ-ACK codebook, gNB is able to trigger HARQ-ACK feedback for one, multiple, or all PDSCH groups. For a PDSCH group, a NFI bit is indicated to adapt the number of HARQ-ACK bits reported corresponding to the PDSCH group. We provide our views on remaining issues for dynamic codebook in this section.
The number of supported PDSCH groups
If we allow maximum 2 PDSCH groups, then there can be benefits from the perspective of DCI overhead reduction. In DCI, 1 bit for current group index, 1 bit for the other group indication, and 2 bits for NFI (4 bits in total) may be required. However, enforcing maximum 2 PDSCH groups may bring system performance reduction as given below and Figure 2. 
As shown in Figure 2, HARQ-ACK for the green PDSCH 1 & 2 in the first COT are scheduled as group 0 but could fail in transmission. The blue PDSCH 1 & 2 in the first COT and blue PDSCH 3 in the second COT are scheduled as group 1. When the blue PDSCH 3 is scheduled, gNB could already detect the failure of PUCCH transmission in first COT. Therefore, gNB can trigger HARQ-ACK report for both 2 groups when blue PDSCH 3 is scheduled. At this stage, both 2 group IDs are already occupied. Assuming there is no sufficient processing time between the red slot and the PUCCH carrying HARQ-ACK for the 2 groups in Figure 2, gNB cannot schedule PDSCH(s) for the UE in the red slot. Consequently, the system can suffer from the scheduling restriction and correspondingly DL data rate is reduced. 


Figure 2: Limitation on DL scheduling if maximum 2 groups are supported
From the above analysis on the typical case of HARQ-ACK transmission for both groups, enforcing maximum 2 PDSCH groups cause DL performance degradation. A straightforward solution is to support more than  PDSCH groups. Though the similar problem still exists even when larger number of groups (e.g., 3 or 4) of HARQ-ACK are triggered, it is worth noting that the probability of such case is much lower than the case shown in Figure 2. Since 2 bits are required for group index indication for the case that N equals to 3 or 4, N=4 is more desirable since it gives gNB more freedom on PDSCH scheduling without any loss. Consequently, the number of bits required in a DCI is: 2 bits for current group index, 3 bits for the other group indication with full flexibility and 4 bits for NFI (9 bits in Total). 
Proposal 5: Maximum 4 PDSCH groups are supported for dynamic HARQ-ACK codebook in NR-U. 

The indication of T-DAI
T-DAI helps UE to identify the correct number of HARQ-ACK bits for a PDSCH group. When HARQ-ACK of multiple PDSCH groups are triggered, it is beneficial to indicate T-DAI for each triggered PDSCH group. To maintain a fixed DCI size, N (maximum allowed number of groups) number of T-DAI may need to be always included in the DCI. Further, if CBG based PDSCH transmission is configured, the number of T-DAI could be doubled again, which is too large overhead. On the contrary, if only T-DAI for the current group is indicated in the DCI, the probability that UE fails to know the correct CB size is increased. However, it is always possible for the UE to do HARQ-ACK retransmission in next PUCCH.
Proposal 6: T-DAI is only indicated for the current PDSCH group for dynamic HARQ-ACK codebook in NR-U. 

Fallback DCI 1_0 handling
It is straightforward that the current agreements on dynamic HARQ-ACK CB applies to DCI 1_1. From the above calculation, the overhead to indicate current group, other group(s), and NFI is up to 9 bits. If the same size of fields also applies to DCI 1_0, it will significantly increase the DCI size hence degrade link performance. In the following, we provide an analysis on the suitable size of each field for DCI 1_0. 
A UE has to know the group index for a PDSCH scheduled by DCI 1_0, hence the 2-bit current group ID is needed in DCI 1_0. DCI 1_0, aka fallback DCI, is mainly for robust operation. Therefore, fast HARQ-ACK retransmission for another group may not be the typical scenario for DCI 1_0. In fact, reduction of HARQ-ACK CB size on PUCCH improves PUCCH performance. From the analysis, indication on other PDSCH group may not be critically needed in DCI 1_0. Finally, since only one group is triggered by DCI 1_0, only one NFI bit for the current group needs to be included in DCI 1_0. With the above analysis and calculation, the overhead for dynamic HARQ-ACK CB scheduled by DCI 1_0 could be limited to 3 bits. 
Proposal 7: Reduced information controlling dynamic HARQ-ACK transmission are included in fallback DCI 1_0,
· For DCI 1_1: 2 bits for current group index, 3 bits for the other group indication with full flexibility and 4 bits for NFI (9 bits in Total)
· For DCI 1_0: 2 bits for current group index, 0 bit for the other group indication and 1 bit for NFI (3 bits in Total)
Size of T-DAI/C-DAI
In Rel-15 NR, dynamic codebook size determination is based on the C-DAI/T-DAI. If the number of slots where DCIs are not correctly detected by a UE is larger than what can be expressed using the available DAI bits, the UE could not figure out the missed burst of transmissions and misalignment on the HARQ-ACK codebook size between the gNB and the UE may occur. This has been a well-known issue since Rel-8 and 2-bit DAI had been chosen as a tradeoff between overhead and the ability to overcome missing DCIs both for LTE and NR. For NR-U, it may be understood that burst error may happen for multiple consecutive PDSCHs due to the unexpected interference from hidden nodes compared to licensed operation, which may be an argument to increase the size of DAI. However, we need also consider the DCI overhead since two more bits (for C-DAI and T-DAI) are needed in DCI if one bit is increased for each DAI.
Proposal 8: Keep existing size, i.e. 2 bits for C-DAI/T-DAI. 
One-shot HARQ-ACK transmission 
One-shot HARQ-ACK transmission is to report HARQ-ACK for all HARQ processes. It has fixed CB size, hence is robust to missing last PDCCHs. However, it also has the drawback of large bit overhead. On the other hand, the agreed dynamic HARQ-ACK CB can also support ARQ-ACK transmission for all PDSCHs by indicating all groups in a DCI. It has the benefit of smaller CB size, however, the CB size may be wrong if UE cannot identify the missed last PDCCH(s). In conclusion, the agreed dynamic HARQ-ACK CB already supports HARQ-ACK feedback in most favorite scenarios, while one-shot HARQ-ACK transmission is beneficial in worst cases. 
On the other hand, if a DCI scheduling PDSCH or PUSCH also triggers one-shot HARQ-ACK transmission, more information should be indicatable by the DCI, which results in larger overhead. Specifically, a UL grant needs to have one bit to enable/disable the use of one-shot HARQ-ACK transmission and NFI bit for each group. That is, the additional overhead is at least 5 bits if 4 groups are supported. In fact, the rule of UCI piggyback on PUSCH as defined NR Rel-15 could be reused in NR-U with good performance and least standardization effort.
Observation: It is not justified for triggering fallback one-shot HARQ-ACK feedback by  
· UE-specific DCI carrying a PUSCH grant
· UE-specific DCI carrying a PDSCH assignment
Therefore, one shot HARQ-ACK transmission could only be triggered by a dedicated DCI not scheduling PDSCH nor PUSCH. In one example, gNB may not have any DL data to be scheduled to a UE while the UE still has pending HARQ feedback. In this case, a downlink scheduling DCI cannot be used for triggering the pending HARQ feedback. If the UE has to wait for another DCI scheduling new DL transmission in order to transmit the HARQ-ACK feedback that is pending, it may result in a significant delay for reporting the feedback to the gNB. In order to address this case, the gNB may trigger the HARQ feedback only using a dedicated triggering DCI. Figure 3 demonstrates another example, where the PDSCH group 1 is scheduled with non-numerical K1 for a UE. gNB may trigger one-shot HARQ-ACK transmission in the next COT without scheduling more PDSCHs to the UE. 


Figure 3: One-shot HARQ-ACK transmission for PDSCH scheduled w/ or w/o numerical K1
Proposal 9: One-shot HARQ-ACK feedback could be triggered only by UE-specific DCI not scheduling PDSCH nor PUSCH
Regarding the dedicated DCI triggering one-shot HARQ-ACK transmission, it is straightforward that the DCI includes a valid K1, PRI and TPC. Further, NFI for each PDSCH group needs to be included to control the report of the latest actual ACK/NACK or a padding NACK/DTX for a HARQ process belonging to a PDSCH group.  That is, if NFI is not toggled for a HARQ process of a PDSCH group, the latest actual ACK/NACK is reported for the HARQ process. Otherwise, padding NACK/DTX is transmitted for the HARQ processes. For a HARQ process currently not belonging to any PDSCH group, padding NACK/DTX is reported. 
Proposal 10: A dedicated DCI triggering one-shot HARQ-ACK transmission includes following information fields,
· A numerical K1
· PRI
· TPC
· NFI for each PDSCH group
Semi-static HARQ-ACK Codebook 
A semi-static HARQ-ACK codebook was specified in NR Rel-15, i.e. type 1 HARQ-ACK codebook. The same scheme could be used in NR-U with enhancement. As shown in Figure 4, we need to consider the PDSCHs that are scheduled with non-numerical K1. A simple solution is to extend the Rel-15 semi-static HARQ-ACK CB with a fixed number of reserved bits for PDSCH scheduled with non-numerical K1. Specifically, the PDSCH scheduled with non-numerical K1in Figure 4 are the PDSCHs in a previous COT. However, it is not practical to support HARQ-ACK retransmission without changing the CB size. As a solution, one-shot HARQ-ACK transmission, which also has a fixed CB size, could be used to realize HARQ-ACK retransmission. However, if NFI is not included when a PDSCH is scheduled, it is useless to include NFI in the dedicated DCI triggering HARQ-ACK transmission. Further discussion on pros/cons are needed. 


[bookmark: _Ref534929351]Figure 4: HARQ-ACK codebook considering PDSCH scheduled w/ non-numerical K1

Proposal 11: For semi-static HARQ-ACK codebook, 
· Use NR Rel-15 type 1 HARQ-ACK codebook with extension of fixed number of reserved bits for PDSCHs scheduled with non-numerical K1
· HARQ retransmission is realized by one-shot HARQ-ACK transmission. FFS whether/how NFI is indicated
Multiple opportunities for PUCCH in frequency domain
There is a proposal to support multiple PUCCH resources in frequency domain. That is, if LBT fails on an LBT bandwidth, the UE could still transmit a PUCCH on the other LBT bandwidth where LBT is successful. In the proposal, the multiple PUCCH resources could be configured over the multiple LBT bandwidth in an UL BWP which is larger than 20MHz, or the multiple PUCCH resources could be also configured over multiple uplink carriers. A clear drawback of the proposal is that multiple PUCCH resource are allocated to a UE while only one of them are actually used by UE. Therefore, it is not resource efficient. On the other hand, it increases UE complexity since UE needs to try multiple LBT to decide the PUCCH resource. It also increase gNB blind detections. 
Assuming PUCCH resource for HARQ-ACK transmission is allocated in only one LBT bandwidth, it is preferable that the LBT bandwidth could be one of the LBT bandwidths in the current gNB-initiated a COT. That is, the LBT bandwidth for PUCCH transmission of a UE is derived from the LBT bandwidths where LBT are successful at gNB. In this case, UE could share the COT and do CAT-2 LBT to start a PUCCH transmission. Regarding PUCCH resource configuration, assuming 3 bits for PUCCH resource indicator, 8 PUCCH resources could be configured for each PUCCH resource set on each LBT bandwidths. In this way, once a LBT bandwidth is derived, gNB has the full flexibility to select one from 8 PUCCH resources for HARQ-ACK transmission.  
Proposal 12: Multiple opportunities for PUCCH in frequency domain is not supported in NR-U. 
Proposal 13: The LBT bandwidth for PUCCH transmission of a UE is derived from the LBT bandwidths where LBT are successful at gNB. 
Multi-TTI scheduling 
It was already agreed that the multiple slots/mini-slots by a single multi-TTI DCI could be continuous in time, with one separate TB mapped on each slot/mini-slot. One further question is whether to allow the multiple slots/mini-slots being discontinuous in time. If discontinuous multiple PUSCH transmission is supported, a UE has to do separate LBT for each of the PUSCH transmission, which degrade the possibility for the UE’s channel occupation. On the other hand, it is clear that signalling on the time resource pattern needs to be included in the multi-TTI DCI which cause further overhead. Based on the analysis, we prefer to allow multi-TTI scheduling only in continuous resource in time. 
[bookmark: _GoBack]Proposal 14: Scheduling PUSCH over multiple slots/mini-slots by a single DCI does not support multiple PUSCHs which are discontinuous to each other in time. 
In the following discussion, each slot/mini-slot indicated by a multi-TTI DCI is named as a nominal TTI (n-TTI). Since the multiple nominal TTIs are continuous in time, it may happen that a nominal TTI could cross the slot boundary unless only certain special combinations of start symbol and length of the nominal TTI are allowable. As shown in Figure 5, n-TTI 2 & 4 cross slot boundary. Following the recent agreement from eURLLC WI, a n-TTI crossing slot boundary could be divided into 2 TTIs and each TTI includes symbols in the same slot. Since it is agreed that a TB is mapped to at most one n-TTI. Two options could be considered.
Option a: Two separate TBs are transmitted on the two TTIs generated from a n-TTI crossing slot boundary. Assuming a multi-TTI DCI provides scheduling information for M TBs and time resource of N n-TTI are actually used by UE for PUSCH transmission, N could be smaller than M in Option a. As shown in Figure 5a, the four TTIs are mapped in the time resource of 3 first nominal TTIs. If the same TBS applies to all TTIs, the coding rate for TB 2 or TB 3 is higher than other TBs and is even larger than 1. Alternatively, if TBS is derived based on available resource in each TTI, TBS of TB 2 and TB 3 must be smaller than other TBs
Option b: One same TB is transmitted on both TTIs generated from a n-TTI crossing slot boundary. As shown in Figure 5b, the number of TBs scheduled is the same as the number of nominal TTIs. TBS for TB 2 or TB 4 could be derived by the available REs of n-TTI 2 or n-TTI 4. It is preferred that different RVs apply to the two TTIs transmitting same TB, otherwise, it is a kind of chase combining and coding rate could be larger than 1 which is similar to Option a. 


Figure 5: handling nominal TTI crossing slot boundary
Proposal 15: For a nominal TTI divided into 2 TTIs, it is slightly preferred to transmit a same TB on the two TTIs. 
There is a FFS point regarding CBG based on transmission for multi-TTI scheduling, 
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
Among the options, Option 2 has the largest overhead, which is not preferred. That is, up to 32 CBGTIs are needed for maximum 4-TTI scheduling and 8 CBGTI bits per TTI. Both Option 1 and 3 could reduce overhead by indicating CBGTI for only some of the TTIs. There is no further limitation of the positions of TTIs for CBG based retransmission in Option 2. While the TTIs for CBG based transmission is limited to the fixed position in Option 3, e.g. the first TTI and/or the last TTI. If the length of the multiple scheduled TTIs by a multi-TTI DCI could be different, it is likely that the first TTI or last TTI is partial start TTI or partial end TTI. In fact, using a TTI with less symbol for CBG based retransmission may increase uplink resource efficiency. Though the time resource is reduced for such TTI, the coding rate could be still comparable to other TTIs since number of bits transmitted is also reduced. Based on analysis, we prefer to adopt that the X TTIs for CBG based (re)transmission should be the X TTIs with least number of symbols in the up to N scheduled TTIs. 
Proposal 16: CBG based (re)transmission if supported applies to TTI(s) with least number of symbols.  
MCS handling is another aspect to be considered for multi-TTI scheduling. There is only one MCS field indicated in the DCI. It is straightforward that the MCS applies to new transmissions in some scheduled TTIs. However, it is questionable how to handle MCS/TBS for retransmissions in other TTIs of the resource scheduled by the same multi-TTI scheduling. In LTE eLAA, the MCS applies to all TTIs scheduled by a multi-TTI DCI. The scheme may become problematic if used in NR because TBS determination is independent to number of uplink symbols in a TTI in LTE, but it is not the case in NR. Therefore, it is highly likely that a different TBS may be derived in NR based on the signalled MCS, number of PRBs and number of symbol in the DCI, which makes HARQ retransmission impossible. One simple scheme to apply the MCS in a DCI only to TTIs for new transmissions, while for TTIs for retransmission, the TBS/modulation order can always use the one in the initial transmission of the same TB. To enable the change of modulation order for adaptive retransmission, for TTIs for retransmission, TBS always follows initial transmission of the same TB and modulation order could follow the currently indicated MCS. 
Proposal 17: For a TTI for retransmission scheduled by multi-TTI DCI, TBS always follows initial transmission of the same TB and modulation order could follow the currently indicated MCS.  
In LTE LAA, four DCI formats are defined, i.e. DCI format 0A, 0B, 4A, 4B. DCI format 0A/4A are for single-TTI scheduling and 0B/4B are for multi-TTI scheduling. It is up to RRC configuration which one or multiple DCI formats are actually monitored by a UE. However, in NR-U it is desirable to limit number of DCI formats unless significantly required. DCI 0_0 is mainly for fallback and robustness, hence it is not necessarily extended for multi-TTI scheduling unless a good motivation identified. For DCI 0_1, two options can be considered, 
Option 1: Define two DCI formats 0_1A and 0_1B which supports single-TTI scheduling and multi-TTI scheduling respectively. 
Option 2: Define one new DCI format 0_1C which supports dynamic switching between single-TTI scheduling and multi-TTI scheduling. 
The difference of bit overhead between single-TTI scheduling and multi-TTI scheduling are analysed from following aspects,
· NDI and RV are transmitted per TB. Single bit for RV is used in LTE eLAA in DCI 0B/4B. 
· CBG based transmission could be only used in single-TTI scheduling. In this case, CBGTI doesn’t exist if more than one TTI are scheduled. 
From the above observation, multi-TTI scheduling requires more bits on NDI/RV but doesn’t have CBGTI bits. Consequently, bit overhead for single-TTI scheduling and multi-TTI scheduling could be similar. From this aspect, it is slightly preferred to support single DCI format 0_1C which reduces the number of blind detections. If single TTI is scheduled by DCI format 0_1C, it includes 1-bit NDI, 2-bit RV and CBGTI. If more than one TTI are scheduled by DCI format 0_1C, it includes 1-bit NDI and 1-bit RV per TB.  
Proposal 18: Define one new DCI format 0_1C to support dynamic switching between single-TTI scheduling and multi-TTI scheduling 
· If single TTI is scheduled by DCI format 0_1C, it includes 1-bit NDI, 2-bit RV and CBGTI. 
· If more than one TTI are scheduled by DCI format 0_1C, it includes 1-bit NDI and 1-bit RV per TB
Conclusion
In this contribution, we discussed the potential enhancements to HARQ procedure to support operating on unlicensed spectrum, and we derived the following proposals and observations:
Observation: It is not justified for triggering fallback one-shot HARQ-ACK feedback by  
· UE-specific DCI carrying a PUSCH grant
· UE-specific DCI carrying a PDSCH assignment

Proposal 1: For HARQ-ACK feedback within a self-contained COT, it is beneficial to limit the gap between the last DL transmission and the following first UL transmission.
Proposal 2: No larger value of K1 is introduced and keep 3-bit field for PDSCH-to-HARQ-timing-indicator in DCI. 
Proposal 3: The non-numerical value of K1 is to indicate to the UE that the timing and resource for the HARQ-ACK feedback for the corresponding PDSCH is provided by another DCI.
· The DCI with non-numerical value of K1 can be either later or earlier than the other DCI with numerical value of K1
Proposal 4: UE attempts reporting of the HARQ-ACK at the indicated time if it is outside of the COT. If the COT is again acquired by the gNB, UE may also transmit the HARQ-ACK if the COT is shared by the gNB.
Proposal 5: Maximum 4 PDSCH groups are supported for dynamic HARQ-ACK codebook in NR-U. 
Proposal 6: T-DAI is only indicated for the current PDSCH group for dynamic HARQ-ACK codebook in NR-U. 
Proposal 7: Reduced information controlling dynamic HARQ-ACK transmission are included in fallback DCI 1_0,
· For DCI 1_1: 2 bits for current group index, 3 bits for the other group indication with full flexibility and 4 bits for NFI (9 bits in Total)
· For DCI 1_0: 2 bits for current group index, 0 bit for the other group indication and 1 bit for NFI (3 bits in Total)
Proposal 8: Keep existing size, i.e. 2 bits for C-DAI/T-DAI. 
Proposal 9: One-shot HARQ-ACK feedback could be triggered only by UE-specific DCI not scheduling PDSCH nor PUSCH
Proposal 10: A dedicated DCI triggering one-shot HARQ-ACK transmission includes following information fields,
· A numerical K1
· PRI
· TPC
· NFI for each PDSCH group
Proposal 11: For semi-static HARQ-ACK codebook, 
· Use NR Rel-15 type 1 HARQ-ACK codebook with extension of fixed number of reserved bits for PDSCHs scheduled with non-numerical K1
· HARQ retransmission is realized by one-shot HARQ-ACK transmission. FFS whether/how NFI is indicated
Proposal 12: Multiple opportunities for PUCCH in frequency domain is not supported in NR-U. 
Proposal 13: The LBT bandwidth for PUCCH transmission of a UE is derived from the LBT bandwidths where LBT are successful at gNB. 
Proposal 14: Scheduling PUSCH over multiple slots/mini-slots by a single DCI does not support multiple PUSCHs which are discontinuous to each other in time. 
Proposal 15: For a nominal TTI divided into 2 TTIs, it is slightly preferred to transmit a same TB on the two TTIs. 
Proposal 16: CBG based (re)transmission if supported applies to TTI(s) with least number of symbols.  
Proposal 17: For a TTI for retransmission scheduled by multi-TTI DCI, TBS always follows initial transmission of the same TB and modulation order could follow the currently indicated MCS.  
Proposal 18: Define one new DCI format 0_1C to support dynamic switching between single-TTI scheduling and multi-TTI scheduling 
· If single TTI is scheduled by DCI format 0_1C, it includes 1-bit NDI, 2-bit RV and CBGTI. 
· If more than one TTI are scheduled by DCI format 0_1C, it includes 1-bit NDI and 1-bit RV per TB
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