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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)



The agreements related to HARQ transmission and PUSCH transmission are provided in Annex A and B. Based on the progress, we provide more design details 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.
Non-numerical value for K1
[bookmark: _GoBack]Non-numerical value of K1 is introduced for the case that gNB is hard to estimate the time for HARQ-ACK feedback and also for the case that there is no proper K1 to trigger HARQ-ACK feedback. So far it is agreed that HARQ-ACK timing for a PDSCH scheduled with non-numerical K1 can be derived by a next DCI scheduling PDSCH with valid K1. Further, it is still open whether earlier or simultaneous DCIs are allowed for the derivation. 
One FFS point is whether HARQ-ACK timing can be derived by the DL DCI which is not later than the DCI of non-numerical K1. At least, the DCI with valid K1 in the same timing as the DCI with non-numerical K1 should be applicable for the multi-serving cell CA scenario. Restriction of using a next DL DCI may bring DL performance loss in NR-U in this CA scenario. In CA system, the different set of K1 values can be configured on different serving cells. In Figure 1, all 12 PDSCHs are assumed to be scheduled with same group index and with same NFI value. 
In Figure 1a, the last two PDSCHs are assumed to be scheduled with non-numerical K1 and the 3rd last PDSCH which is same timing with the two PDSCHs with non-numerical K1 is scheduled with valid K1. The same value of T-DAI is transmitted in all the last three DCIs since they are transmitted in the same timing. UE could derive HARQ-ACK timing and PUCCH resource by the 3rd last DCI and transmit a correct HARQ-ACK codebook size on PUCCH. We believe Figure 1a is valid use case which provide better flexibility for the configuration of K1 and gNB scheduling in CA scenario. 


Figure 1: non-contiguous configured values of K1
Even for the case that the last DCI transmitted by gNB must have a valid K1, allowing derivation of HARQ-ACK timing and PUCCH resource based on another DCI is helpful too. As shown in Figure 1b, the last DCI indicates a valid K1, however, it could be missed at the UE side. In this case, the UE receives the 2nd last DCI with non-numerical K1 as the last received DCI then the HARQ-ACK codebook becomes confusing form the UE side. Since exact HARQ-ACK codebook size can be derived by the 3rd last DCI with valid K1, UE still could do HARQ-ACK feedback correctly.   

Proposal 1: Regarding HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1,
· It can be derived by a DL DCI with a numerical K1, which is received at the same timing as or later timing than the DCI with a non-numerical value for K1. 
Dynamic HARQ-ACK Codebook 
According to the agreements made in the last meetings, gNB is able to trigger HARQ-ACK feedback for one or two PDSCH groups. For a PDSCH group, a NFI bit is used 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.
Regarding NFI/T-DAI inclusion in a DL DCI, the current agreement supports that RRC configures either one  from, 
· Case 1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group
· Case 2: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups

While Case 2 provides the most reliable HARQ-ACK codebook design, there is still error cases if Case 1 is configured by RRC. As shown in Figure 2, it is configured that DCI only includes NFI bit only for scheduled group. For the 1st COT in Figure 2, the 2 green PDSCHs with group 0 are correctly received by the UE and the PUCCH is successfully received by the gNB. Then, the gNB may schedule two additional new green PDSCHs with the same group 0 with a toggled NFI as shown in the 2nd COT of Figure 2. However, the UE may miss both two new green PDCCHs hence the UE doesn’t know the presence of the two new green PDSCHs. If the gNB triggers HARQ-ACK transmission on the 3rd PUCCH for both groups without indication of group 0’s NFI, the UE will retransmit two outdated ACKs for group 0 which was already correctly received by the gNB. In this case, HARQ-ACK codebook size is still correct and the gNB can receive all reported HARQ-ACK bits without ambiguity of codebook size. However, the gNB will misunderstand that the two new green PDSCHs are correctly received by the UE. 



Figure 2: Function of NFI for each PDSCH group

Instead of including NFI for the non-scheduled PDSCH group in DL DCI, we may consider that the latest NFI known by the UE is included in the HARQ-ACK codebook. Figure 3 provides an example of the UCI payload carried on the 3rd PUCCH of Figure 2. The latest NFI for group 0 is 0 from the UE’s perspective, so the UE will report value 0 as NFI bit for the group 0 together with HARQ-ACK codebook. The gNB could compare the NFI bit in UCI payload (which is “0”) with the actual latest NFI for the non-scheduled group (which is “1”). Since the two NFIs are not same, the gNB can interpret that the UE reported outdated HARQ-ACKs for PDSCH group 0. 



Figure 3: feedback of NFI in HARQ-ACK codebook

Proposal 2: If it is configured by RRC that NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group, the latest NFI for the non-scheduled group known by UE is included in the HARQ-ACK codebook. 

Fallback DCI 1_0 handling
It was agreed that group ID is defaulted to 0 for a PDSCH scheduled by DCI 1_0. It is still open whether NFI needs to be included in the DCI 1_0. It was proposed by some companies that fallback DCI should be same as Rel-15. However, a similar error case as Figure 2 exists, which is caused by no NFI in DCI 1_0. Even though gNB may schedule PDSCHs with fallback DCI for the reliable transmission, NACK/DTX to ACK error may still happen which cannot be solved in L1. As shown in Figure 4, the first PDSCH with C-DAI=1 is successfully decoded and HARQ-ACK is also transmitted successful. However, if the PDCCH scheduling a second PDSCH with C-DAI=1 is DTXed, the UE may retransmit ACK as the first HARQ-ACK bit in the codebook. UE is doing retransmission of HARQ-ACK for the first PDSCH with C-DAI=1. However, gNB will consider UE correctly receives the second PDSCH with C-DAI=1. High layer retransmission has to be used to recover the missed data. 



Figure 4: Error case of fallback DCI

Two options could be considered to solve above error case. The first option is to add NFI in DCI 1_0. Since NFI is included at least for the scheduled PDSCH group for PDSCH scheduling by DCI 1_1, we think it is straightforward that NFI should be included in DCI 1_0. In worst case, another option could be considered is that no enhancement on HARQ-ACK transmission for PDSCHs scheduled by DCI 1_0. 

Proposal 3: NFI bit is included in DCI 1_0 for enhanced dynamic HARQ-ACK codebook. 

One-shot HARQ-ACK transmission is to report HARQ-ACK for all HARQ processes. It has fixed codebook (CB) size, hence is robust to missing last PDCCHs. However, it also has the drawback of large bit overhead. On the other hand, the enhanced dynamic HARQ-ACK CB can support ARQ-ACK transmission with smaller HARQ-ACK CB size, however, it is possible that the HARQ-ACK CB size is confusing between the gNB and the UE if the UE cannot identify the missed PDCCH(s). In conclusion, the enhanced dynamic HARQ-ACK CB could be used for HARQ-ACK feedback in most favorite scenarios, while one-shot HARQ-ACK transmission can be applied as a supplementary way. 

In the one-shot HARQ-ACK transmission, only the two NFI bits are required to be indicated in DCI for the two PDSCH groups. Since NFI bit(s) is/are already present in a DCI scheduling a PDSCH, or it could be obtained by reinterpreting other fields in the DCI, we just need to define one additional bit to indicate one-shot HARQ-ACK transmission triggering inside a DL DCI scheduling a PDSCH. On the other hand, one-shot HARQ-ACK triggering in UL DCI is not needed because it is already supported that HARQ-ACK codebook of one-shot feedback is transmitted on PUSCH by UCI piggyback. A duplicated trigger which is explicitly included in UL grant is not justified.

One further issue is how to determine a HARQ process ID for a SPS PDCCH release, since HARQ process ID field in the DCI is already occupied for PDCCH validation. Since TDRA field in DCI 1_0 for SPS PDSCH release is not used and it has a fixed size of 4 bits, the TDRA field could be reused to indicate a HARQ process ID for one-shot feedback. 

Proposal 4: One-shot HARQ-ACK feedback could be triggered by adding one explicit bit in DL DCI
· Two NFIs for the two PDSCH groups are indicated in the DL DCI. 
Proposal 5: For SPS PDSCH release, the associated HARQ process ID is indicated by TDRA field in DCI 1_0 for SPS PDSCH release.
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 some enhancements. As shown in Figure 5, 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 just one reserved bit for PDSCH scheduled with non-numerical K1. According to supported UE capability of PDSCH processing time, the least processing time is quite short and is even shorter than one slot. gNB may only schedule one PDSCH in the period corresponding to processing time. Consequently, adding one reserved bit in HARQ-ACK codebook for non-numerical K1 achieves most gain of supporting non-numerical K1. 



[bookmark: _Ref534929351]Figure 5: HARQ-ACK codebook considering PDSCH scheduled w/ non-numerical K1

In order to support HARQ-ACK retransmission for semi-static HARQ-ACK CB, one-shot HARQ-ACK transmission could be used. Without any enhancement, if a UE misses the latest DCI scheduling a PDSCH using a HARQ process, UE will report an outdated ACK to gNB for the HARQ process if HARQ-ACK retransmission is supported. 3 options are proposed in last RAN1 meeting, 
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process

Alt. A is the basic method. Assuming a UE only report a HARQ-ACK for a PDSCH at most one time, there is no error case of Alt. A. the drawback is it cannot support HARQ-ACK retransmission. On the contrary, Alt. B enables HARQ-ACK retransmission. By comparing UE reported latest NDI with the actual latest NDI at gNB for a HARQ process, gNB could know whether UE report a valid HARQ-ACK or not. However, it is questionable that what is the NDI value for a SPS PDSCH associated with a configured downlink assignment. For a HARQ process switching between C-RNTI based scheduling and CS-RNTI based transmisison or SPS PDSCH associated with a configured downlink assignment, the behavior of new data transmission is not based on NFI toggling or not. Further, a dyanmic PDSCH scheduling may override a SPS PDSCH transmission, however, the DCI scheduing dyanmic PDSCH may be missed. All the above factors result in difficulties for a UE to report a valid latest NDI to assist HARQ-ACK transmission. 
In conclusion, there will be additional effort to specify a NDI value and also results in error case. Alt. C is even more problematic than Alt B. If the maximum retransmission number is reached or gNB prefers to schedules a new data even when previous retransmission of the same HARQ process is not successful yet, it results in NACK to ACK errors. 

Proposal 6: For semi-static HARQ-ACK codebook, 
· Use NR Rel-15 type 1 HARQ-ACK codebook with extension of one reserved bit for a PDSCH scheduled with non-numerical K1
· In one-shot feedback, only HARQ-ACK bit for each HARQ process is included and NDI value is not reported
· CBG based HARQ-ACK feedback is supported in one-shot feedback. 
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 7: Multiple opportunities for PUCCH in frequency domain is not supported in NR-U. 
Proposal 8: The LBT bandwidth for PUCCH transmission of a UE is derived from the LBT bandwidths where LBT are successful at gNB. 
Multi-PUSCH scheduling 
It was already agreed that the multiple slots/mini-slots by a single multi-PUSCH DCI could be continuous in time, with a separate TB mapped on each slot/mini-slot. One remaining 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 degrades 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-PUSCH DCI which cause further overhead. From these perspectives, we prefer to allow multi-PUSCH scheduling only in continuous resource in time. 
Proposal 9: Scheduling PUSCH over multiple slots/mini-slots by a single DCI does not support multiple PUSCHs which are discontinuous to each other in time. 
For the design of TDRA table, two alternatives were proposed in last RAN1 meeting: 
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: Separate k2
· Alt. 2: 
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
Alt. 2 strictly allows partial-slot PUSCH transmission in starting/ending slots, while full slot is used for a PUSCH in the middle slots. While, signalling structure of Alt. 1 is more flexible, so that TDRA supported by Alt. 2 is a subset of those supported by Alt. 1. Essentially, assuming the multiple PUSCHs use consecutive symbols in time, it is questionable the additional flexibility provides real benefits so Alt2 is preferred.
Proposal 10: Adopt Alt. 2 for TDRA, i.e.
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
In last RAN1 meeting, MCS handling was discussed but the focus is only TBS determination. In fact, MCS handling impacts two aspects, TBS and modulation order. Both of the two aspects need to be resolved. There is only one MCS field indicated in the DCI. It is straightforward that the MCS applies to the new transmissions in some scheduled PUSCHs, which is common to all three alternatives listed in the agreement made in the last meeting. The differences of the three alternatives come from the handling MCS/TBS for retransmissions. In LTE eLAA, the MCS applies to all PUSCHs scheduled by a multi-PUSCH DCI. The LTE eLAA scheme may be problematic for NR-U because TBS determination is independent to number of uplink symbols in a PUSCH in LTE, but it is not the case in NR. Therefore, it is likely that a different TBS may be derived for different PUSCH based on the signalled MCS, number of PRBs and number of symbol in the DCI. So the simple way to resolve this issue for NR-U is to apply the current indicated MCS for TBS/modulation determination to PUSCHs only for new transmissions. And for PUSCHs for retransmission, the TBS can always use the one in the initial transmission of the same TB, while modulation order could follow the currently indicated MCS. The above behaviour applies to all MCS entries. In a special case, if all PUSCHs scheduled by the DCI are for retransmission, MCS 28-31 can be indicated in the DCI. 
Proposal 11: For a for retransmission of a PUSCH scheduled by multi-PUSCH DCI, TBS always follows initial transmission of the same TB, while modulation order could follow the currently indicated MCS.  
There is an FFS point regarding CBG based on transmission for multi-PUSCH 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
All the above options assume CBG based scheduling could apply to multiple PUSCHs scheduling by a DCI. However, it is questionable how large gain could be provided by CBGTI indication for the multiple PUSCHs since the multiple PUSCHs normally have same/similar amount of time/frequency. With help of CBGTI, the coding rate of the CBGs is largely reduced, however, it may be over protection of such CBGs. Since CBGTI is anyway useful in case single PUSCH is scheduled and is already supported, it is not well justified to support CBGTI when multiple PUSCHs are scheduled. 
Proposal 12: CBG based (re)transmission is only supported in single-PUSCH scheduling. 
It is agreed that multi-PUSCH scheduling is not supported by a fallback DCI. Therefore, we only need to specify the details of multi-PUSCH scheduling based on DCI 0_1. LTE LAA supports separate DCI formats for single-PUSCH scheduling and are for multi-PUSCH scheduling. However, such a solution may not be efficient in NR-U. It was agreed that number of PUSCHs can be derived by number of SLIVs of a TDRA, which eliminate a need of a separate field for ‘number of PUSCHs’. NDI/RV will be indicated per PUSCH, while is commonly agreed that CBGTI is not likely signalled to all PUSCH for overhead reduction. All the above factors reduce the difference of DCI size for single-PUSCH scheduling and multi-PUSCH scheduling. Therefore, it is preferred that a single new DCI based on DCI 0_1 should be introduced which supports dynamic switching between single-PUSCH scheduling and multi-PUSCH scheduling. If single PUSCH is scheduled, it includes 1-bit NDI, 2-bit RV and CBGTI. If more than one PUSCH are scheduled, it includes 1-bit NDI and 1-bit RV per TB.  
Proposal 13: Introduce one new DCI format to support dynamic switching between single-PUSCH scheduling and multi-PUSCH scheduling 
· If single PUSCH is scheduled, it includes 1-bit NDI, 2-bit RV and CBGTI. 
· If more than one PUSCHs are scheduled, 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:
Proposal 1: Regarding HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1,
· It can be derived by a DL DCI with a numerical K1, which is received at the same timing as or later timing than the DCI with a non-numerical value for K1. 
Proposal 2: If it is configured by RRC that NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group, the latest NFI for the non-scheduled group known by UE is included in the HARQ-ACK codebook. 
Proposal 3: NFI bit is included in DCI 1_0 for enhanced dynamic HARQ-ACK codebook. 
Proposal 4: One-shot HARQ-ACK feedback could be triggered by adding one explicit bit in DL DCI
· Two NFIs for the two PDSCH groups are indicated in the DL DCI. 
Proposal 5: For SPS PDSCH release, the associated HARQ process ID is indicated by TDRA field in DCI 1_0 for SPS PDSCH release.
Proposal 6: For semi-static HARQ-ACK codebook, 
· Use NR Rel-15 type 1 HARQ-ACK codebook with extension of one reserved bit for a PDSCH scheduled with non-numerical K1
· In one-shot feedback, only HARQ-ACK bit for each HARQ process is included and NDI value is not reported
· CBG based HARQ-ACK feedback is supported in one-shot feedback. 
Proposal 7: Multiple opportunities for PUCCH in frequency domain is not supported in NR-U. 
Proposal 8: The LBT bandwidth for PUCCH transmission of a UE is derived from the LBT bandwidths where LBT are successful at gNB. 
Proposal 9: 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 10: Adopt Alt. 2 for TDRA, i.e.
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
Proposal 11: For a for retransmission of a PUSCH scheduled by multi-PUSCH DCI, TBS always follows initial transmission of the same TB, while modulation order could follow the currently indicated MCS.  
Proposal 12: CBG based (re)transmission is only supported in single-PUSCH scheduling. 
Proposal 13: Introduce one new DCI format to support dynamic switching between single-PUSCH scheduling and multi-PUSCH scheduling 
· If single PUSCH is scheduled, it includes 1-bit NDI, 2-bit RV and CBGTI. 
· If more than one PUSCHs are scheduled, it includes 1-bit NDI and 1-bit RV per TB
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ANNEX A: All agreements on HARQ-ACK transmission
In past RAN1 meetings, the following agreements on HARQ-ACK transmission were agreed: 
	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

Conclusion:
In Rel-16, the PDSCH-to-HARQ-timing-indicator field is not enhanced to indicate larger values of K1 compared to Rel-15.

Agreement:
When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a UE shall support 2 PDSCH groups.
· The number of PDSCH groups that the UE shall support is not RRC configurable
· FFS: More groups, depending on the resolution of the FFS on up to 4 groups from a prior agreement

Agreement:
· For enhanced dynamic HARQ codebook, choose one of the alternatives below: 
· Alt-1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group
· Alt-2: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups
· FFS: Extension to fallback DCI

Agreement:
For enhanced dynamic HARQ-ACK codebook when the feedback is triggered by a DL DCI scheduling a PDSCH, a UE is not expected to be requested in that DL DCI to provide feedback only for a PDSCH group not scheduled in that DL DCI

Agreement:
For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.
· FFS: additional methods including 
· based on an earlier DCI
· one-shot HARQ-ACK feedback
· FFS: dependency on NFI

Agreement:
· For enhanced dynamic HARQ codebook with single or multiple configured DL cells, 
· NFI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group
· T-DAI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group if more than one DL cell is configured
· Indication of NFI and T-DAI in non-fallback DCI for the non-scheduled group with single or multiple configured DL cells can be configured by RRC.



Agreement:
If the DCI is received that toggles the NFI for a PDSCH group, then the UE 
· Discards the HARQ-ACK feedback for the PDSCH(s) in that PDSCH group including the PDSCH(s) that were associated with a non-numerical K1 value.
· Note: HARQ-ACK feedback for PDSCH(s) scheduled in this DCI are not discarded.
· The UE expects the DAI values for the PDSCH group to be reset.

Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation


Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback

Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ

Agreement:
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)


Agreement:
If enhanced dynamic codebook is configured, the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signalling. 
· FFS: If there is UL DAI configured to be present in the non-fallback DCI for only one group, to which group this UL DAI applies




ANNEX B: All agreements on PUSCH transmission
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.

Conclusion:
There is no consensus to support a 2-stage uplink grant for NR-U in Rel-16.

Conclusion:
For multi-TTI scheduling and for single TTI scheduling for PUSCH, the UE shall only attempt transmitting a PUSCH at the single starting position indicated in the UL grant in PDCCH for this PUSCH.
· FFS: for msg3

Agreement:
For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, the TDRA table is extended such that each row indicates multiple PUSCHs (continuous in time-domain)
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: Separate k2
· Alt. 2: 
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
· FFS: Extension to non-contiguous PUSCHs

Agreement:
Scheduling multiple PUSCHs is not supported in UL fallback DCI

Agreement:
Consider the following alternatives for signalling the MCS index for PUSCHs scheduled by a single DCI. 
· Alt. 1: A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
· UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
· If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
· If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
· Alt. 2: A single normal MCS (row 0-27) is indicated in the scheduling DCI for uplink multi-TTI scheduling
· For a PUSCH scheduled for initial transmission: the UE determines the TB size based on the explicitly indicated MCS
· For a PUSCH scheduled for re-transmission: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size 
· FFS: The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs
· Alt. 3: Use a bitmap to determine for which of the PUSCHs the TBS determination should not be based on MCS in the multi-TTI DCI, and should instead be based on the previous DCI scheduling the same TB for the same HARQ process ID.
· The bitmap is included in the UL DCI only if the RRC-configured TDRA table includes at least one row that allows indicating more than one PUSCH
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