[bookmark: OLE_LINK296][bookmark: OLE_LINK297]3GPP TSG RAN WG1 #98	R1-1908216
Prague, CZ, August 26th – 30th, 2019

[bookmark: Source]Agenda Item:	7.2.2.2.3
Source: 	Fujitsu
Title:	HARQ enhancements for NR-U
Document for:	Discussion/Decision
Introduction
In RAN1#97, the below agreements related to scheduling/HARQ enhancements for NR-U have been made [1]. We discuss further details in this contribution.
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

[bookmark: _Ref228947482]Discussion
HARQ A/N feedback for PDSCH
The above agreement contains several FFS points. The first FFS is about whether to include T-DAI for the scheduled group only or for each group when requesting HARQ feedback for multiple PDSCH groups. It may depend on the gNB’s estimation on how much possibility there is that a scheduled UE does not detect correctly the PDCCHs which include the final T-DAI. To deal with the non-negligible case, it would be proper to allow the inclusion of the T-DAI for other group in the DCI.

Proposal 1: T-DAI for the group other than the scheduled group can be included in the DCI by RRC configuration.
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Figure 1: HARQ feedback based on the PDSCH grouping
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Figure 2: solutions tolerant of miss detection of consecutive PDCCHs

With regard to the FFS on the maximum number of PDSCH groups, 4 groups provide more flexibility and agility for gNB scheduling compared to 2 groups. It is because the earliest feedback timing of HARQ codebook for a group is constrained by the processing timing of the last PDSCH in the group. Take Figure 1 as an example. The group index of #x could be #0 or #1 if the maximum number of PDSCH groups is two. If the maximum number of PDSCH groups is four, #x could also be #2 or #3. Considering the processing time for the last PDSCH in the group #x, the gNB has more flexibility to select the feedback timing for group #0 and #1 if #x is neither #0 nor #1.
Furthermore, as shown in Figure 2, increasing the number of PDSCH groups from 2 to 4 can also be leveraged to mitigate the problem of consecutive miss detection of PDCCHs. In Rel-15, 2-bits DAI is used for HARQ codebook calculation. If a UE missed 4 or more consecutive PDSCH transmission, then the UE will derive a wrong codebook size and/or A/N position. By extending the DAI field as shown as the solution 1 in Figure 2, the problem of miscalculation can be mitigated. But both of C-DAI and T-DAI have to be enlarged in this solution. Instead of enlarging the DAI field, the gNB can just assign the PDSCHs different groups in turn as shown as the solution 2 in Figure 2.

Observation 1: Increasing the number of PDSCH groups from 2 to 4 can not only provide more flexibility and agility for gNB scheduling but also help to mitigate the problem of consecutive miss detection of PDCCHs.

Proposal 2: Maximum number of the PDSCH groups for dynamic HARQ codebook is 4.

To enhance the scheduling flexibility for additional HARQ A/N transmission opportunities, it is desirable to define a UE-specific DCI scheduling neither PDSCH nor PUSCH for requesting HARQ feedback from earlier COT. The PUCCH resources for requested HARQ feedback can be indicated by simply reusing PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator in the DCI scheduling PDSCH. Comparing with the DCIs scheduling a PDSCH, this DCI only requires a limited number of fields and have enough room for indicating the request for 4 PDSCH groups.

Proposal 3: In addition to the DCI scheduling a PDSCH, a new UE-specific DCI scheduling neither PDSCH nor PUSCH is defined for requesting HARQ feedback. The new DCI may request HARQ feedback for up to 4 PDSCH groups. 


According to ETSI EN 301 893, a DL burst may last up to 6ms. In case of SCS of 30kHz or 60kHz, more than 10 full/partial slots can be included in the DL burst. To maintain the scheduling flexibility of the gNB, it is desirable to allow dynamic indication of a K1 value from more than 10 candidates. Therefore, the PDSCH-to-HARQ-timing-indicator field should be allowed to be extended from 3 bits as defined in Rel-15.

Proposal 4: The number of bits for PDSCH-to-HARQ-timing-indicator field can be configured as 4 for NR-U.


Additional HARQ A/N transmission opportunities
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Figure 3: Multiple transmission opportunities for HARQ A/N

As discussed above, a new DCI can be used to request additional HARQ A/N transmission. There are also some approaches without using additional DCIs. For example, the scheduling DCI might be modified to indicate multiple PUCCH resources. One problem for this approach is that the additionally assigned resource will be wasted if the LBT succeeds in the first transmission opportunity. On the other hand, one special case, in which the PUCCH overlaps with a PUSCH, may be worth to be considered. In this case, the resources for both PUCCH and PUSCH are reserved anyway as same as in the licensed carrier. As shown in Figure 3, it is straightforward to allow the transmission of PUCCH if the LBT for PUSCH failed but the LBT for PUCCH succeeded.

Proposal 5: When a PUCCH overlaps with a PUSCH which starts at a different symbol, the UE can transmit the PUCCH if the LBT for PUCCH succeeds.
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Figure 4 two-stage granted PUSCH
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Two-stage grant in LTE-LAA can also be introduced in NR-U. The first-stage grant provides the scheduling information for PUSCH preparation. The second-stage grant triggers the transmission of the prepared PUSCH. The second-stage grant can be transmitted over either the same DL burst with the first stage grant or the following DL burst. During the SI, with intent to provide enough processing time for the HARQ feedback which is transmitted in a shared COT with the corresponding PDSCH, it was identified as beneficial to support UL/DL transmissions occupying the time between the PDSCH and the PUCCH with the corresponding HARQ A/N. A two-stage granted PUSCH can also be used for such a purpose as shown in Figure 4. After the UE prepared a PUSCH according to the first-stage grant, the gNB can trigger the transmission of the PUSCH whenever needed. 
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Conclusions
In this contribution, we discussed scheduling/HARQ enhancements for NR-U. The proposals and observations are summarized as follows,

Proposal 1: T-DAI for the group other than the scheduled group can be included in the DCI by RRC configuration.

Observation 1: Increasing the number of PDSCH groups from 2 to 4 can not only provide more flexibility and agility for gNB scheduling but also help to mitigate the problem of consecutive miss detection of PDCCHs.

Proposal 2: Maximum number of the PDSCH groups for dynamic HARQ codebook is 4.
Proposal 3: In addition to the DCI scheduling a PDSCH, a new UE-specific DCI scheduling neither PDSCH nor PUSCH is defined for requesting HARQ feedback. The new DCI may request HARQ feedback for up to 4 PDSCH groups. 
Proposal 4: The number of bits for PDSCH-to-HARQ-timing-indicator field can be configured as 4 for NR-U.
Proposal 5: When a PUCCH overlaps with a PUSCH which starts at a different symbol, the UE can transmit the PUCCH if the LBT for PUCCH succeeds.
Proposal 6: NR-U supports two-stage grant mechanism.
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2. Annex
Agreements in RAN1#96bis [2]
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.

[bookmark: _GoBack]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
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If the processing time is not enough, the UE can
only report NACK for the corresponding PDSCH.
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2-bits DAl does not work well if 4 consecutive PDCCHs are missed.
Two solutions can resolve this problem.
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