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Introduction 
In RAN1 #92b, the following agreement was made [1]: 
	Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



Based on the above agreement, the following issues will be discussed in this contribution:
· Review the scheduling enhancements made in Release 14 eLAA WI and discuss if these enhancements are necessary for NR unlicensed. The scheduling enhancements made in Release 14 eLAA WI includes:
· Multi-subframe scheduling
· Flexible timing scheduling
· Two-stage grant
· Timing between PDSCH and the corresponding HARQ-ACK (i.e., K1)
UL Scheduling enhancements
Release 14 eLAA WI has introduced the following scheduling enhancements mainly to cope with the unpredictability of channel availability with LBT. 
· Multi-subframe scheduling
· Flexible timing scheduling
· Two-stage grant
In this section, the above enhancements are to be reviewed and reassessed whether they are necessary to be considered for NR-unlicensed. 
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Figure 1. Release 14 eLAA flexible timing multi-subframe scheduling

Multi-subframe scheduling
Release 14 eLAA WI has introduced multi-subframe scheduling in which DCI 0B/4B can schedule PUSCH transmission in maximum of N_sf consecutive subframes, where N_sf (2~4) is configurable by UE-specific RRC. Actual number of scheduled subframes, the first HARQ ID and the 1-bit RV (0 or 2) for the consecutive subframes are indicated in the DCI. The multi-subframe scheduling has been a useful feature since in unlicensed spectrum, it is not preferable to make multiple DL-UL and UL-DL switching just to send the UL grants due to the LBT. 
On the other hand, it is noted that Release 15 NR does not support multi-subframe scheduling. Considering the usefulness of multi-subframe scheduling that has been identified during eLAA WI, it can be considered for NR to introduce multi-subframe scheduling and corresponding DCI formats. 
Proposal 1: Multi-subframe scheduling is considered for NR-unlicensed. 
Flexible timing scheduling
In unlicensed spectrum, it is difficult to guarantee transmission opportunity at a fixed time later than the time when the UL grant is sent. It had also been identified as useful that a UL grant can be sent in an earlier transmission burst as illustrated in Figure 1. With these motivations, Release 14 eLAA WI has introduced flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s). Timing offset is counted from subframe N+4+k, and k is signaled from [0, …, 15].
In Release 15 NR, K0/K1/K2 values are already in the DCI. Flexible UL scheduling is realized by the indication of K2 in the DCI.
Observation 1: In Release 15 NR, flexible timing UL scheduling is already realized by the indication of K2 in the DCI. 
Two-stage grant 
In Release 14 eLAA two-stage grant mechanism, the first grant indicates scheduling information except exact timing and the second grant is to trigger the actual transmission. Actual transmission timing is defined from the triggering grant. Two-stage grant has been a useful feature to cope with LTE’s fixed 4 ms latency between UL grant and the scheduled PUSCH along with the unpredictability of channel availability in unlicensed spectrum. With two-stage grant, the timing between the second grant and the PUSCH could be less than 4 ms. 
The following table describes NR normal UE processing time. It can be seen from the table that N2 processing time is already small compared to LTE. Thus, the motivation of two-stage grant is not evident.
Table I. NR normal UE processing time 
	DMRS for CE
	HARQ
Timing
Parameter
	Units 
	15 KHz
SCS
	30 KHz
SCS
	60 KHz
SCS
	120 KHz
SCS

	Front-loaded DMRS
only 
	N1 
	Symbols 
	8 
	10 
	17 
	20

	Front-loaded +
additional DMRS 
	N1 
	Symbols 
	13 
	13 
	20 
	24

	Frequency First 
	N2 
	Symbols 
	10 
	12 
	23 
	36



Observation 2: In Release 15 NR, N2 processing time is already much smaller compared to LTE and, thereby, the motivation of two-stage grant for NR-unlicensed is not evident. 

DL HARQ enhancement
Reliable and efficient HARQ-ACK feedback transmission becomes more of an important issue when it comes to standalone mode, which is not backed by licensed carrier. In the sequel, it is assumed that DL HARQ-ACK is transmitted over unlicensed spectrum, which could be the case for LAA deployment as well, if PUCCH is supported on an unlicensed cell. One of the main problem of sending DL HARQ-ACK is the unpredictability of UL transmission opportunity in time due to LBT. 
[bookmark: _GoBack]Note that Release 15 NR indicates K0/K1/K2 in the DCI. K1 is the timing between PDSCH and the corresponding HARQ-ACK. K1 in the DCI can be semi-statically configured and can have zero bit in the DCI, meaning fixed timing relationship, or can have non-zero bits in the DCI, meaning dynamic indication using the bits. However, in unlicensed operation, the available feedback timing over UL is not guaranteed at the time of DL scheduling.
Observation 3: In unlicensed operation, the available feedback timing over UL is not guaranteed at the time of DL scheduling. Therefore, indicating K1 value in the scheduling DCI may not be efficient and work as desired in the unlicensed spectrum.
In NR-unlicensed, all the pending HARQ-ACK feedbacks meeting the N2 processing time can be transmitted in the earliest UL opportunity including PUSCH/PUCCH. K1 can be either indicated in the DCI or not. If not indicated (or indicated with null information), UE can transmit HARQ-ACK feedback autonomously in the earliest UL opportunity. As one option, bitmap based HARQ codebook can be considered, where there is an association between HARQ process ID and the bit position in the bitmap. Bitmap size can be reduced via bundling over processes.
Proposal 2: Dynamic and flexible K1 timing can be studied for NR-unlicensed, in which UE can transmit HARQ-ACK feedback autonomously in the earliest UL opportunity.
Conclusion
In this contribution, potential enhancements to NR scheduling HARQ were discussed. To be specific, the scheduling enhancements made in Release 14 eLAA WI were reviewed and reassessed whether they are necessary enhancements for NR-unlicensed. After that, timing relationship between PDSCH and the corresponding HARQ-ACK was also discussed. To this end, the following observations and proposals were made:
Proposal 1: Multi-subframe scheduling is considered for NR-unlicensed. 
Observation 1: In Release 15 NR, flexible timing UL scheduling is already realized by the indication of K2 in the DCI. 
Observation 2: In Release 15 NR, N2 processing time is already much smaller compared to LTE and, thereby, the motivation of two-stage grant for NR-unlicensed is not evident. 
Observation 3: In unlicensed operation, the available feedback timing over UL is not guaranteed at the time of DL scheduling. Therefore, indicating K1 value in the scheduling DCI may not be efficient and work as desired in the unlicensed spectrum.
Proposal 2: Dynamic and flexible K1 timing can be studied for NR-unlicensed, in which UE can transmit HARQ-ACK feedback autonomously in the earliest UL opportunity.
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