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1
Introduction

“NR-based Access to Unlicensed Spectrum” was approved to be a new study item for the future NR releases in RAN #75 (March, 2017) [1], the new study item has been started in RAN1 #92 (Feburary, 2018) and the working item has been started in RAN1 Meeting AH1901 (January, 2019).  Since a non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator (K1) values defined in Rel-15 in RAN1 #96bis [2], the details to handle the non-numerical value for K1 should be discussed. Besides, one DCI is agreed to request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH in RAN1 #97 [3]. Considering HARQ-ACK feedback for the other PDSCH group (which is other than the scheduled PDSCH group), some related DCI fields for the other PDSCH group are also be discussed. The following agreement was made in the previous meetings [2]-[5]. 
	Agreement: (made in RAN1 #96bis)

· 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: (made in RAN1 #96bis)

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: (made in RAN1 #97)

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 signalling
Agreement: (made in RAN Plenary #84)

· RAN to instruct WGs to focus on completion of essential items leaving optimization items as best-effort from WG time-management perspective. 

7.2.2.2.3 HARQ enhancements

Essential
· Details for group based HARQ ACK retransmission for dynamic codebook

· Details for DCI support for multi-TTI grant

· One-shot HARQ ACK retransmission

· Details to handle non-numerical value for K1

Optimizations
· Group based HARQ ACK retransmission for semi-static codebook

· Larger K1 values

· Multiple freq domain opportunities for HARQ ACK in UL CA case and/or wideband CC case

· Larger K2 values

· 2-stage UL grant

Agreement: (made in RAN1 #98)

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



This contribution aims to share our opinions on potential HARQ enhancements for NR-U. 
2
Discussion
Details to handle the non-numerical value for PDSCH-to-HARQ-timing-indicator (K1)
During RAN1#97 meeting [3], a PDSCH group index is agreed to be signalled explicitly in DCI for scheduling the PDSCH. It was also agreed that HARQ-ACK feedback for all PDSCH with the same group index is carried in the same PUCCH. Since a non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator (K1) values defined in Rel-15 in RAN1#96bis [2], the details to handle the non-numerical value for K1 should be discussed. In the previous meeting (RAN1#98) [5], HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is agreed to be 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. However, the other methods are not precluded and shall be discussed. The following three solutions can be considered when the HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1:

· Solution 1: Only the next DL DCI scheduling PDSCH with a numerical value for K1

· Solution 2: Either the earlier DCI or the next DL DCI scheduling PDSCH with a numerical value for K1

· Solution 3: One-shot HARQ-ACK feedback

First of all, we would like to discuss whether the earlier DL DCI scheduling PDSCH with a numerical value is used for determining the HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1. Since HARQ-ACK feedback for all PDSCH with the same group index is agreed to be carried in the same PUCCH, the HARQ-ACK timing of any two PDSCHs with the same group index should be the same. In the other words, no matter what the DL DCI with a non-numerical value for K1 is received earlier or later than the DL DCI with a numerical value for K1, the HARQ-ACK should be transmitted in the same PUCCH.
Observation:
· Since HARQ-ACK feedback for all PDSCH with the same group index is agreed to be carried in the same PUCCH, the HARQ-ACK timing of any two PDSCHs with the same group index should be the same.
Even though the DL DCI with a numerical value is transmitted by gNB, the DL DCI may not be decoded successfully or miss detected by UE. That is, we need to handle this error case if the DL DCI with a numerical value is not correctly received by UE. Taking Figure 1 as an example, gNB transmits 4 DL DCIs (DCI #1~DCI #4) with the same PDSCH group index (group index=0) wherein DCI #1/DCI #3 are indicated with the non-numerical values for K1, and DCI #2/DCI #4 are indicated with the numerical values for K1. As shown in Figure 1(b), UE detects DCI #1 ~ DCI #3 successfully, but not detect DCI #4 successfully. For the first DL DCI (DCI #1) with a non-numerical value for K1, the HARQ-ACK timing shall be derived by the next DCI (DCI #2) with a numerical value. Although UE does not know the HARQ-ACK timing for DCI #1 in slot #n, UE obtains the HARQ-ACK timing by detecting a numerical value (K1=5) of DCI #2 in slot #n+1. Thus, UE transmits the HARQ-ACK feedback for the PDSCHs received in slot #n and slot #n+1 in slot #n+6.

Similarly, UE detects DCI #3 with a non-numerical value for K1, the HARQ-ACK timing is expected to be derived by the next DCI (e.g. DCI #4) with a numerical value for K1. However, UE does not successfully detect DCI #4 in spite of DCI #4 indicated with a numerical value. For determining the HARQ-ACK feedback timing of PDSCH corresponding to DCI #3, the above mentioned three solutions can be applied and discussed:
· Solution 1: Only the next DL DCI scheduling PDSCH with a numerical value for K1.

If solution 1 is applied, PDSCH HARQ-ACK feedback corresponding to DCI #3 is dropping if HARQ-ACK feedback timing corresponding to DCI #3 is only to be derived from the next DCI. And thus, HARQ retransmission performance is sacrificing due to the dropping of PDSCH HARQ-ACK feedback corresponding to DCI #3.
· Solution 2: Either the earlier DCI or the next DL DCI scheduling PDSCH with a numerical value for K1

If solution 2 is applied, PDSCH HARQ-ACK feedback corresponding to DCI #3 is transmitted in slot #n+6 if HARQ-ACK feedback timing corresponding to DCI #3 can be derived from the earlier DCI (e.g. DCI #2). And thus, HARQ-ACK retransmission performance will not be affect since the PDSCH HARQ-ACK feedback corresponding to DCI #3 is not dropping.
· Solution 3: One-shot HARQ-ACK feedback

If solution 3 is applied, additional DCI for triggering the one shot HARQ-ACK feedback is required. However, the HARQ-ACK feedback corresponding to DCI #3 may be pending since the one-shot HARQ-ACK feedback will be triggered later.
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Figure 1: An example of the K1 supports both numerical and non-numerical values.
According to the above discussion, solution 2 is beneficial for the HARQ retransmission performance without requiring additional DCI for triggering one shot HARQ-ACK feedback. Since HARQ-ACK feedback for all PDSCH with the same group index is agreed to be carried in the same PUCCH, the HARQ-ACK timing of any two PDSCHs with the same group index should be the same. Therefore, we propose at least solution 2 should be applied and solution 3 can be considered as a further enhancement.
Proposal:
· For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by either the next or the earlier DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.
· FFS: One-shot HARQ-ACK feedback should be considered as a further enhancement for dynamic HARQ-ACK codebook.
3
Conclusions

In this contribution, the details to handle the non-numerical value for K1 are discussed. According to the discussion, solution 1 impacts on the HARQ retransmission performance and solution 3 requires an additional DCI for triggering the one shot HARQ-ACK feedback. Thus, we suggest that the following proposal and observations can be considered: 
Observation:
· Since HARQ-ACK feedback for all PDSCH with the same group index is agreed to be carried in the same PUCCH, the HARQ-ACK timing of any two PDSCHs with the same group index should be the same.

Proposal:
· For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by either the next or the earlier DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.
· FFS: One-shot HARQ-ACK feedback should be considered as a further enhancement for dynamic HARQ-ACK codebook.
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