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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 RAN1 Meeting #96bis (April, 2019) [3]. 
	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



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 15 DL slots and it’s a self-contained COT. For solving the above mentioned problem, some companies suggest to extend the current RRC parameter dl-DataToUL-ACK while the others suggest remain the same value as in Rel-15 NR. If the RRC parameter dl-DataToUL-ACK is extended, some companies propose to increase the bit-field size of PDSCH-to-HARQ-timing-indicator (K1) in DCI. Therefore, at least the following three options can be considered:

· Option 1: Extending the RRC parameter dl-DataToUL-ACK and increasing DCI bit-field size dl-DataToUL-ACK
· Option 2: Extending the RRC parameter dl-DataToUL-ACK but not increasing DCI bit-field size dl-DataToUL-ACK
· Option 3: Not extending the RRC parameter dl-DataToUL-ACK and not increasing DCI bit-field size dl-DataToUL-ACK
· Option 3-1: PDSCH-to-HARQ-timing-indicator indicates a non-reserved value
· Option 3-2: PDSCH-to-HARQ-timing-indicator is used in a time unit larger than slot
For option 1, RRC parameter dl-DataToUL-ACK is extended and DCI bit-field size dl-DataToUL-ACK is increased. For example, up to 39 values is extended in dl-DataToUL-ACK if SCS is 60kHz and the DCI bit-field size dl-DataToUL-ACK is increased to 6 bits, as illustrated in the following figure. One potential problem is DCI blind decode performance may be degrade when the coding rate is increased. As shown in Figure 1, each PDSCH corresponding to a K1 value wherein its range is from 1 to 39.
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Figure 1: An illustration of Option 1
Observation 1:
· Option 1 may degraded the PDCCH blind decode performance since DCI payload size is increased.
For option 2, RRC parameter dl-DataToUL-ACK is extended and DCI bit-field size dl-DataToUL-ACK remains the same (3-bit). For example, up to 39 values is extended in dl-DataToUL-ACK if SCS is 60kHz and the DCI bit-field size dl-DataToUL-ACK is 3 bits. According to agreement made in the previous meeting [3], 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), as illustrated in the following figure. As shown is Figure 3, the K1 value can be larger than 15.
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Figure 2: An illustration of Option 2
For Option 3-1, RRC parameter dl-DataToUL-ACK is not extended (up to 15), DCI bit-field size dl-DataToUL-ACK remains the same (3-bit), and PDSCH-to-HARQ-timing-indicator indicates a non-reserved value. According to agreement made in the previous meeting [3], 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), as illustrated in the following figure. As shown is Figure 3, the K1 value is not larger than 15. 
Observation 2:
· Comparing of Option 2, the range of K1 of Option 3-1 is limited.
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Figure 3: An illustration of Option 3-1
For Option 3-2, RRC parameter dl-DataToUL-ACK is not extended (up to 15), DCI bit-field size dl-DataToUL-ACK (K1) remains the same (3-bit), and PDSCH-to-HARQ-timing-indicator is used in a time unit larger than slot. In the legacy Rel-15 NR system, PDSCH-to-HARQ-timing-indicator (K1) is used as a time unit of a slot; for example, UE receives a PDSCH in slot #n and transmits the corresponding HARQ-ACK in K1 slots later. If the PDSCH-to-HARQ-timing-indicator is used in a time unit of 1 subframe (1ms), UE receives a PDSCH in slot #n and transmits the corresponding HARQ-ACK in K1 subframes later, as illustrated in the following figure. For example, if UE receives a PDSCH in slot #0 and K1=9, the UE transmits the corresponding PDSCH in subframe #9 later. However, one time unit may comprise more than one slots. We need to discuss how to determine the slot for transmitting HARQ-ACK in the time unit.
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Figure 4: An illustration of Option 3-2
3
Conclusions

In this contribution, RRC parameter dl-DataToUL-ACK and DCI bit-field size dl-DataToUL-ACK are discussed. Each options can support self-contained COT structure for a maximum COT duration in 30 kHz and 60 kHz SCS. Thus, we suggest that the following proposal and observations can be considered: 
Observations:
· Option 1 may degraded the PDCCH blind decode performance since DCI payload size is increased.

· Comparing of Option 2, the range of K1 of Option 3-1 is limited.
Proposal:
· Both Option 2 and Option 3-2 can be considered.
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