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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 NR-U support 15/30/60 KHz SCS, the maximum COT duration 10ms may comprise of 10, 20 and 40 slots for 15, 30 and 60 KHz SCS respectively. Rel-15 NR RRC parameter dl-DataToUL-ACK (up to 15) may not be sufficient, and companies provided their views on the DCI field PDSCH-to-HARQ-timing-indicator and RRC parameter dl-DataToUL-ACK in previous meeting [2]. The following agreement was made in pervious meetings [3]-[4] and RAN plenary meeting #84 [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 
ignalling
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




This contribution aims to share our opinions on potential HARQ enhancements for NR-U. 
2
Discussion
Since NR-U supports 15kHz, 30kHz and 60kHz SCS, a maximum COT duration (10ms) comprises 10, 20 and 30 slots respectively. Rel-15 NR RRC parameter dl-DataToUL-ACK (up to 15) may not be sufficient if the COT size is larger than 16 DL slots. For solving the above mentioned problem, some companies suggest to extend the current RRC parameter dl-DataToUL-ACK while the others suggest to increase the DL-to-UL switching points. However, increasing the DL-to-UL switching points may cause potential media loss (e.g. gNB cannot pass LBT procedure after the UL); thus, self-contained structure is needed to be considered wherein the self-contained structure is that UE receiving PDSCH and transmitting the corresponding HARQ-ACK in the same COT.
As the agreements made in the RAN plenary meeting #84, larger PDSCH-to-HARQ-timing-indicator (K1) values are not one of the essential items to be discussed in Release16 NR-based Access to Unlicensed Spectrum. Therefore, we suggest not to introduce larger K1 values but using the parameters/indicators are already agreed in the previous meeting to solve the potential issue that existing K1 value cannot be satisfied if SCS is larger than 15kHz. For example, if PDSCH to HARQ timing is cannot be provided by K1, gNB may indicate a non-numerical K1 value in DCI for the corresponding HARQ-ACK feedback timing wherein the DCI comprises a PDSCH group index; and the actual HARQ-ACK feedback timing is not determined until UE detects another DCI with the same PDSCH group index and a numerical K1 value.

As shown in Figure 1, the COT is 10ms and SCS is 30kHz; and thus, the COT comprises 20 slots. In this example, DCI bit-field size dl-DataToUL-ACK is a 3-bit field and PDSCH-to-HARQ-timing-indicator (K1) belongs to{4, 5, 6, 7, 8, 9, 10, and non-numerical value}. gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group wherein PDSCH grouping by explicitly signalling a group index is indicated in DCI scheduling the PDSCH. If UE receives a PDSCH with non-numerical value K1, UE can postpone the HARQ-ACK feedback timing until the timing and resource for the HARQ-ACK feedback is provided by the gNB (e.g. gNB schedules a PDSCH with the same PDSCH group index). In this example, PDSCH received in slot #0 ~ slot #15 with PDSCH group index 0 and the corresponding HARQ-ACK feedbacks are transmitted in slot #19 (HARQ-ACK feedbacks are transmitted inside the COT). For PDSCH received in slot #16~ slot #18 with PDSCH group index 1, HARQ-ACK feedback timing is not determined until gNB schedules another DCI with the same PDSCH group index (HARQ-ACK feedbacks are transmitted outside the COT). 
Moreover, the larger bit-field size of PDSCH group index may be degraded its PDCCH decoding performance and gNB may release the PDSCH group index if the corresponding HARQ-ACK is received successfully. Therefore, one-bit PDSCH group index field in DCI is sufficient
Proposal:
· PDSCH group index and the non-numerical/numerical K1 values can be used for solving the potential issue that existing K1 value cannot be satisfied if SCS is larger than 15kHz.
· The maximum PDSCH group is 2.
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Figure 1: An example of the K1 supports both numerical and non-numerical values.
3
Conclusions

In this contribution, RRC parameter dl-DataToUL-ACK and DCI bit-field size dl-DataToUL-ACK are discussed. According to the discussion, PDSCH group index and the non-numerical/numerical K1 values can solve the potential issue that existing K1 value cannot be satisfied if SCS is larger than 15kHz. Thus, we suggest that the following proposal and observations can be considered: 
Proposal:
· PDSCH group index and the non-numerical/numerical K1 values can be used for solving the potential issue that existing K1 value cannot be satisfied if SCS is larger than 15kHz.
· The maximum PDSCH group is 2.
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