	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 Meeting #93	R1-1806763
Busan, Korea, May 21st – 25th, 2018
[bookmark: Source]Agenda item:	7.6.4.3
Source:	Samsung
Title:	HARQ enhancements for NR-U
Document for:	Discussion and Decision
1 Introduction
In the last RAN1 meeting [1], the following agreements were made: Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP

Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

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



























This contribution discusses the HARQ procedure aspects. 
2 HARQ procedure for DL transmission 
NR-U may support CA based aggregation with NR licensed band, dual-connectivity (DC) based operation with LTE licensed band as well as standalone (SA) operation of NR-U. At least for DC and SA operation mode, HARQ-ACK transmission on unlicensed band would be required. 
Due to the feature of uncertainty for unlicensed band, the latency of HARQ-ACK transmission on unlicensed band cannot be guaranteed which could be a bottleneck of NR-U performance. HARQ-ACK may be dropped due to failure of LBT. gNB may have to schedule the retransmission of the PDSCH because gNB does not know whether the absence of HARQ-ACK is caused by miss-detected PDCCH or dropped UL transmission due to LBT, or even DTX detection error. DL transmission efficiency would be materially degraded, especially for the case of HARQ-ACK multiplexing of multiple PDSCHs, which results in retransmission of all these PDSCHs. Moreover, the delayed HARQ-ACK feedback also affect the CWS adjustment wherein CWS would be doubled if the expected HARQ-ACK feedback is not received. 
To increase HARQ-ACK transmission probability, one direction is to apply aggressive LBT. In LTE eLAA, 25us LBT can be performed before the UL transmission within the gNB shared MCOT. If the HARQ-ACK feedback can be always transmitted within the shared MCOT, HARQ-ACK transmission probability would be high because the channel would be free right after DL burst and much shorter CCA is more likely to be passed than normal Cat-4 LBT. Such self-contained COT structure allows more efficient resource utilization in the unlicensed band and faster link adaptation based on timely HARQ/ACK feedbacks [2]. If the HARQ-ACK feedback can not be transmitted within the MCOT, e.g., due to UE processing capability limitation, aggressive LBT can still be considered. NR phase 1 supports both short PUCCH and long PUCCH. It may not cost much impact on fair coexistence with other nodes, if faster LBT is applied before short PUCCH which is just one or two symbols. And even for long PUCCH, the duration could be less than 1ms with larger SCS. In eLAA, LBT priority type 1 can be used for SRS-only transmission due to limited duration of SRS. Similar LBT mechanism can be studied for PUCCH with comparable duration. Another direction to increase transmission probability is to increase the number of transmission opportunities. For example, for one HARQ-ACK feedback, gNB configures multiple transmission opportunities in which UE may transmit HARQ-ACK after successful LBT. 
Proposal 1: NR-U considers HARQ-ACK enhancement with more aggressive LBT and multiple transmission opportunities.
In NR phase-1, two types of HARQ-ACK codebook is defined. One is semi-static codebook determined by a set of HARQ-ACK timing and non-overlapped PDSCH candidate occasions within a slot. The other is dynamic codebook determined by C-DAI and T-DAI. NR-U should study any new ambiguity issue for these two types of HARQ-ACK codebook due to uncertainty of LBT and uncertain location for HARQ-ACK feedback. Besides, the HARQ-ACK feedback with all HARQ process can also be studied, if the HARQ-ACK payload is acceptable.   
Proposal 2: NR-U considers robust HARQ-ACK codebook design with acceptable payload.
3 HARQ procedure for UL transmission 
Similar as DL, NR supports asynchronous UL HARQ transmission. The HARQ-ACK feedback information for uplink data transmission is informed by NDI in a UL grant, and the timing relationship between UL grant and PUSCH is not fixed. The same procedure can be applied to NR-U. 
In NR-U, the HARQ-ACK feedback is not only for PUSCH transmission acknowledgment, it is also for CWS adjustment. If ACK of reference HARQ_ID is received, CWS is reset, otherwise CWS is doubled. According to UL-grant based HARQ-ACK indication, if PUSCH of reference HARQ_ID is correctly decode by gNB, gNB has to schedule a UL burst including at least the reference HARQ_ID with toggled NDI to indicate ACK to avoid undesirable increase of CWS. Obviously, the UL scheduling flexibility is restricted. Furthermore, the signaling overhead for HARQ-ACK feedback may not be negligible if a UL grant is transmitted to indicate acknowledgement for each corresponding uplink transmission, when multiple HARQ processes are activated. 
Therefore, it is beneficial for NR-U to introduce additional HARQ-ACK feedback mechanism to inform HARQ-ACK information for more than one HARQ process and to facilitate the latest HARQ-ACK information with marginal overhead as much as possible. HARQ-ACK feedback mechanism introduced for Rel-15 FeLAA could be a baseline, i.e., a dedicated DCI including the explicit HARQ-ACK feedback for all HARQ processes. 
Proposal 3: NR-U considers explicit HARQ-ACK feedback by a dedicated DCI to efficiently facilitate the latest HARQ-ACK information in channel access procedure. 

For PUSCH transmission with configured grant, the retransmission/new transmission can be determined by the HARQ-ACK feedback DCI. If NACK is received, UE can attempt the retransmission in the earliest available configured resource, and if ACK is received, UE may attempt a new transmission in the earliest available configured resource if there is UL traffic in the buffer. The timing relation between HARQ-ACK feedback and (re)transmission is flexible and is not tied to HARQ process either, as long as UE can inform gNB about the HARQ ID along with PUSCH, which is already supported in FeLAA. The similar procedure should be supported by NR-U. 
Proposal 4: NR-U considers flexible PUSCH transmission with configured grant without fixed timing relation between HARQ ID and transmission resource. 
4 Others
CBG-based HARQ-ACK feedback and scheduling is a new feature in NR phase-1. The decoding performance over different symbols may vary dramatically on unlicensed band with unexpected interference, e.g., hidden node, and also in the scenario that some UL/DL transmission is dropped/punctured in initial partial slot. Therefore, the CBG-based HARQ procedure should also be supported in NR-U.  
Proposal 5: NR-U considers CBG-based HARQ-ACK feedback and scheduling. 
5 Conclusions
The proposals made in this contribution are summarized below:
Proposal 1: NR-U considers HARQ-ACK enhancement with more aggressive LBT and multiple transmission opportunities.
Proposal 2: NR-U considers robust HARQ-ACK codebook design with acceptable payload.
Proposal 3: NR-U considers explicit HARQ-ACK feedback by a dedicated DCI to efficiently facilitate the latest HARQ-ACK information in channel access procedure. 
Proposal 4: NR-U considers flexible PUSCH transmission with configured grant without fixed timing relation between HARQ ID and transmission resource. 
Proposal 5: NR-U considers CBG-based HARQ-ACK feedback and scheduling. 
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