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1 Introduction
The contribution is a revision of R1-1908723.
In RAN1#98 meeting, regarding the HARQ enhancement and multi-TTI scheduling, the related agreements are listed below:

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

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

In this contribution, we further discuss HARQ-ACK enhancement issues and present our views. 
2 Discussion
2.1 Dynamic HARQ-ACK codebook
For NR-U, the benefit for dynamic HARQ-ACK codebook is that the codebook size is equal to the number of actually transmitted PDSCHs. Based on the counter DAI and total DAI, the ambiguity between UE and gNB on determining HARQ-ACK codebook size can be solved when some DL transmissions are missed.
In RAN1#98 meeting, regarding HARQ enhancement, two alternatives, Alt 1 and Alt 2, are listed for down-selection: 
· 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
For dynamic HARQ-ACK codebook, PDSCH grouping is explicitly indicated by a group index in DCI scheduling the PDSCH and gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group. In addition, one DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH. However, there are still some issues on how to trigger UE to transmit the HARQ-ACK feedback for more than one PDSCH group in same PUCCH. E.g., when gNB receives the PUCCH carrying the HARQ-ACK feedback for one PDSCH group, it takes some time for the gNB to process the PUCCH and decode the HARQ-ACK information bits. So gNB can’t know whether the received HARQ-ACK feedback needs to be retransmitted or not when gNB prepares the DL grant and associated PDSCH in next PDSCH group. E.g., in Figure 1, if the first HARQ-ACK feedback corresponding to PDSCHs in slot 1, 2, 3 and 4 is transmitted in slot 5, gNB may not know whether it can be successfully decoded when gNB prepares the DL grant and associated PDSCH in slot 6. Hence, gNB can schedule PDSCHs in a new group from slot 6 to 8. In slot 7, assuming gNB knows the first HARQ-ACK feedback is not received or not decoded successfully, so gNB needs to trigger UE to retransmit the first HARQ-ACK feedback when gNB schedules PDCCHs and associated PDSCHs in the new group. Then the problem is whether the last T-DAI for PDSCH group 1 is included in DL grant for scheduling PDSCH in PDSCH group 2. The benefit is that the UE can use the last T-DAI for PDSCH group 1 to determine the codebook size of the first HARQ-ACK feedback when HARQ-ACK feedback for both PDSCH group 1 and PDSCH group 2 are transmitted in same PUCCH. However, this benefit can be obtained only when the last DCI of PDSCH group 1 is missed. If single carrier is configured for a UE, the DCI does not include any T-DAI. Therefore, there is no issue of inclusion of T-DAI for both scheduled and non-scheduled groups in DL grant. If more than one carrier is configured for the UE, then the DCI does include T-DAI for the schedule PDSCH. Therefore, if and only if the last slot of PDSCH group 1 has only one DCI and this DCI is missed, there is problem on HARQ-ACK codebook determination. Including the last T-DAI of PDSCH group 1 in the DL grant for scheduling PDSCH in PDSCH group 2 can have benefit at this moment. This case can be avoided by gNB via scheduling more than one DCI in the last slot. Furthermore, gNB can always request HARQ-ACK feedback only for the scheduled PDSCH group per PUCCH. Considering the signaling overhead for dynamic HARQ-ACK codebook, T-DAI is only included in DL grant for scheduled group. Hence, the NFI is included in DL grant only for the schedule group.
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Figure 1: Dynamic HARQ-ACK codebook determination with PDSCH grouping

Proposal 1: For dynamic HARQ-ACK codebook, Alt 1 is supported, i.e., NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group. 

2.2 Semi-static HARQ-ACK codebook

The benefit for semi-static HARQ-ACK codebook is that the codebook size determination is quite simple. There is no ambiguity between UE and gNB on determining HARQ-ACK codebook size even when some DL transmissions are missed. However, the drawback is too much overhead. Especially considering the fact that introducing larger size of PDSCH-to-HARQ indicator field has been already agreed in RAN1, for semi-static HARQ-ACK codebook, UE needs to report much more HARQ-ACK bits than NR Rel-15.Therefore, payload reduction method for semi-static HARQ-ACK codebook determination is necessary. 
For NR-U, one simple way is to exclude those slots outside gNB-initiated COT from the downlink association set. UE can directly determine the starting slot and ending slot based on explicit COT structure signaling. One example is shown in Figure 2. One gNB-initiated COT comprises slot 4 to 9 with single switching point. Assuming K1 set is {1,  2, 3, 4, 5, 6, 7, 8}, when slot 9 is indicated for HARQ-ACK feedback transmission, based on NR Rel-15, the downlink association set includes slot 1, 2, 3, 4, 5, 6, 7, and 8. With the help of COT structure signaling, UE can know slot 1, 2, and 3 are outside of the gNB-initiated COT and shall exclude these three slots from the downlink associated set. Therefore, the number of slots in downlink association set is reduced from 8 to 4, which greatly reduces the feedback overhead for the semi-static HARQ-ACK codebook. With reliable design of COT structure signaling, both gNB and UE can have same understanding on the HARQ-ACK codebook. 
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Figure 2: Semi-static HARQ-ACK codebook determination 

Proposal 2: Semi-static HARQ-ACK codebook is supported for NR-U. 
Proposal 3: Exclude those slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook. 
2.3 One-shot HARQ-ACK codebook 

For NR-U, one-shot HARQ-ACK feedback is discussed as a fallback solution for semi-static and dynamic HARQ-ACK codebook determination. In detail, as long as a triggering DCI is received, UE shall transmit the HARQ-ACK bits for all the configured downlink HARQ processes. In this way, not only the postponed HARQ-ACK feedback for PDSCHs in the earlier COT but also the previously transmitted HARQ-ACK feedback can be triggered for transmission. This mechanism can be applicable to both semi-static and dynamic HARQ-ACK codebooks.

Technically, one-shot HARQ-ACK feedback leads to a relatively large HARQ-ACK codebook, even much larger than semi-static HARQ-ACK codebook. The typical number of DL HARQ processes is 16, so the one-shot HARQ-ACK codebook size is equal to 16 for single-codeword transmission mode and 32 for two-codeword transmission, respectively, without consideration of CBG-based retransmission and carrier aggregation. The benefit is the codebook size determination is quite simple. There is no ambiguity between UE and gNB on determining HARQ-ACK codebook size even when some DL transmissions are missed. 

For one-shot HARQ-ACK feedback, the misunderstanding between gNB and UE on the HARQ-ACK codebook occurs when UE already reports ACK for a HARQ process and misses the new DL assignment for the same HARQ process. Since UE is not aware of the missed DCI for the HARQ process, UE shall retransmit ACK for the HARQ process, which leads to misunderstanding between gNB and UE on the interpretation of “same ACK”. 

To solve this problem, UE has to report the latest received NDI bit for each HARQ process. By comparing the latest transmitted NDI and the reported NDI, gNB can know the reported “ACK” is a “new ACK” for the new PDSCH or a “earlier ACK” for the previous PDSCH scheduled with same HARQ process. However, this solution doubles the signaling overhead. E.g., without consideration of CBG-based retransmission and carrier aggregation, the HARQ-ACK feedback overhead includes 16 HARQ-ACK information bits plus 16 latest received NDI bits for single codeword transmission, or 32 HARQ-ACK information bits plus 32 latest received NDI bits for double-codeword transmission.
Proposal 4: Overhead reduction is required if latest received NDI bits is reported together with the HARQ-ACK feedback for all DL HARQ processes. 
In addition, considering semi-static HARQ-ACK codebook is reliable enough, the one-shot HARQ-ACK feedback is only adopted for dynamic HARQ-ACK codebook.
Proposal 5: One-shot HARQ-ACK feedback is not adopted for semi-static HARQ-ACK codebook. 

2.4 Multi-TTI Uplink Scheduling

In LTE Rel-14 eLAA, to improve transmission efficiency and reduce DCI overhead, multi-subframe scheduling with different TB per subframe is specified. With multi-subframe scheduling in eLAA, a single UL grant can schedule a UE to transmit maximum 4 PUSCHs in maximum 4 consecutive UL subframes without any transmission gap. There are two UL grant formats for eLAA multi-subframe scheduling, DCI format 0B/4B, defined for single-codeword transmission and two-codeword transmission, respectively. This scheme can be reused for NR-U as a starting point.
Additionally, based on the learning of LTE Rel-14 eLAA, time-contiguous uplink transmission without gap is suitable for unlicensed spectrum. If the time domain resource allocation is not contiguous in the multiple scheduled slots, then LBT is needed for each slot. That means that any transmission gap between two contiguous slots bears the risk of ‘losing’ the channel to another node that sensed the channel to be idle in such a gap and henceforth started its own transmission. So only time contiguous transmission is supported for UL multi-TTI scheduling. 

For designing the DCI for multi-TTI scheduling by single UL grant with separate TB for each individual PUSCH, the maximum allowed number of slots or mini-slots scheduled by the single UL grant should be determined (from a UE’s perspective). Based on the maximum allowed number, the payload size of the single UL grant can be further determined. Assuming the maximum number of schedulable slots/mini-slots is determined to N, then the payload size of the slot-specific or mini-slot specific information fields needs to be multiplied by N in the single UL grant. E.g., 1-bit NDI, 2-bit RV, M-bit CBGTI, … for a single PUSCH need to be extended to N-bit NDI, 2*N-bit RV and M*N-bit CBGTI for multiple PUSCHs, respectively, wherein M is the RRC configured maximum number of CBGs per TB. Some information fields in the single UL grant, e.g., BWP indicator, frequency domain resource assignment, MCS, TPC, etc., can be set to common for the scheduled multiple slots/mini-slots in order to save signaling overhead. To reduce the signaling overhead of CBGTI, CBG-based retransmission is only adopted for the first PUSCH of the UL burst since the first PUSCH suffers the risk of data puncturing.
In addition, NR Rel-15 time domain resource assignment field indicates a single starting symbol and duration for a single PUSCH transmission, which cannot support multiple starting positions and durations for multiple PUSCHs in multiple slots/mini-slots to avoid gaps between transmissions. Furthermore, if the field of time domain resource assignment is set to common for the scheduled multiple slots or mini-slots, there may be some problems for NR-U uplink transmission. As shown in Figure 4, assuming seven contiguous mini-slots are scheduled by a single UL grant to equally occupy one full slot, it is obvious that the starting symbol and ending symbol for each scheduled mini-slot are totally different. In some cases, the duration for the multiple scheduled mini-slots may be even different. As shown in Figure 5, the last mini-slot has different duration compared to the other scheduled mini-slots. In this case, the starting symbol and ending symbol as well as duration for each scheduled mini-slot are completely different. 
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Figure 3: Seven mini-slots scheduled by single UL grant (Front-loaded DMRS in the blue symbol)
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Figure 4: Four mini-slots scheduled by single UL grant (Front-loaded DMRS in the blue symbol)

As mentioned above, the field of time domain resource assignment is TTI-specific. If each scheduled PUSCH has a separate field of starting position and length, the DCI payload size will be large. In order not to enlarge the existing field of time domain resource assignment in UL grant, a simple way is to provide a list of time domain resource allocation (TDRA) patterns by RRC signaling in PUSCH-TimeDomainResourceAllocation of PUSCH-config and each of the TDRA patterns includes k2 value, mapping type, multiple fields of starting symbol index and length. One code point of time domain resource assignment in the DCI indicates one TDRA pattern from the list. For supporting single PUSCH scheduling, DCI indicates one TDRA pattern configured with single field of starting symbol index and length; for supporting multiple PUSCH scheduling, DCI indicates one TDRA pattern configured with multiple fields of starting symbol index and length. Dependent on the mapping relationship between the code point and the corresponding TDRA pattern, a single DCI can schedule single PUSCH in one slot or mini-slot or schedule multiple PUSCHs in multiple slots/mini-slots. One example is shown in below RRC IE, where startSymbolAnd Length_N indicates the number of scheduled PUSCHs.
Example 1 on support of two-PUSCH scheduling:
PUSCH-TimeDomainResourceAllocation::= SEQUENCE 

{ 

k2 INTEGER(0..32), 

mappingType ENUMERATED {typeA, typeB}, 
startSymbolAndLength_1 INTEGER (0..127),
startSymbolAndLength_2 INTEGER (0..127),
 }
Example 2 on support of four-PUSCH scheduling:
PUSCH-TimeDomainResourceAllocation::= SEQUENCE 

{ 

k2 INTEGER(0..32), 

mappingType ENUMERATED {typeA, typeB}, 
startSymbolAndLength_1 INTEGER (0..127),
startSymbolAndLength_2 INTEGER (0..127),
startSymbolAndLength_3 INTEGER (0..127),
startSymbolAndLength_4 INTEGER (0..127)
         }
Proposal 6: For multi-TTI scheduling, support the following:

· Only time contiguous transmission is supported (i.e. no transmission gaps between slots / mini-slots);
· CBG-based re-transmission is supported only for the first transmitted PUSCH.
· Multiple contiguous mapping Type B PUSCHs are allowed to be scheduled within the first slot.
· At least NDI, 2-bit RV, M-bit CBGTI are present in the single UL grant for each of the up to N scheduled PUSCHs; BWP indicator, frequency domain resource assignment, MCS, TPC can be one value applicable to all of the scheduled PUSCHs;

· Time domain resource assignment in the UL grant indicates one of RRC configured time domain resource allocation patterns for UL multi-TTI scheduling.

3 Conclusion

In this contribution, we focus on the HARQ-ACK transmission issues and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: For dynamic HARQ-ACK codebook, Alt 1 is supported, i.e., NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group. 

Proposal 2: Semi-static HARQ-ACK codebook is supported for NR-U. 

Proposal 3: Exclude those slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook. 

Proposal 4: Overhead reduction is required if latest received NDI bits is reported together with the HARQ-ACK feedback for all DL HARQ processes. 

Proposal 5: One-shot HARQ-ACK feedback is not adopted for semi-static HARQ-ACK codebook. 

Proposal 6: For multi-TTI scheduling, support the following:

· Only time contiguous transmission is supported (i.e. no transmission gaps between slots / mini-slots);

· CBG-based re-transmission is supported only for the first transmitted PUSCH.
· Multiple contiguous mapping Type B PUSCHs are allowed to be scheduled within the first slot.
· At least NDI, 2-bit RV, M-bit CBGTI are present in the single UL grant for each of the up to N scheduled PUSCHs; BWP indicator, frequency domain resource assignment, MCS, TPC can be one value applicable to all of the scheduled PUSCHs;

· Time domain resource assignment in the UL grant indicates one of RRC configured time domain resource allocation patterns for UL multi-TTI scheduling.
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