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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15]The SID on NR-based Access to Unlicensed Spectrum [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. 
In RAN1 #92bis meeting, the following agreement about physical layer procedures for NR-U (NR-based access to Unlicensed Spectrum) has been reached. 
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

And in RAN1 #93, #94 and #94bis meeting, the following agreements about HARQ enhancement for NR-U have been reached. 
Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial
· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required
· Mechanisms to support this need to be identified
· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted
· Mechanisms to support this need to be identified
Agreement:
· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial
· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities
Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified
· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes
Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U
Agreement: 
· NR-U should support both:
· [bookmark: OLE_LINK20]HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy
· It is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations, one or more of the following would be needed:
· Allow values larger than 15 by RRC signaling (FFS the largest value needed)
· Note: in some cases this may point outside of the COT
· Allow more bits for the PDSCH-to-HARQ-timing-indicator
· HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. These possible candidate solutions can be considered:
· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
· Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Note: the alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH
· Study the impact of the above candidate solutions on the HARQ codebook

Agreement:
A gap of up to 16 us should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time.
In this contribution, we discuss scheduling and HARQ aspects for NR-U. Such as multiple TTI scheduling, HARQ-ACK transmission and HARQ-ACK codebook and so on.
 Scheduling and HARQ aspects
 Scheduling
NR supports flexible frame structure by semi-static UL/DL configuration through cell-specific and UE-specific RRC assignment and dynamic slot formation indication through common DCI. The transmission of PDSCH and PUSCH can be scheduled in the duration of symbols, slot, or multi-slots with flexible starting/ending points. Such flexible frame structure and scheduling scheme can be inherited in unlicensed bands with some enhancements to improve the frequency utilization efficiency and to reduce channel access delay due to LBT. For example, multiple opportunities can be configured to UE, a single UL grant with multiple time and frequency domain resources is indicated to UE by PDCCH.
Proposal 1: Flexible scheduling scheme in NR can be inherited in unlicensed bands with some enhancements to improve the frequency utilization efficiency and to reduce channel access delay due to LBT.
· Multiple TTIs scheduling for PUSCH
In LAA, multiple subframe scheduling has been specified in R14, and a single DCI can schedule multiple consecutive UL subframe transmissions. This scheme can be reused for NR-U and each UE can be scheduled with multiple PUSCHs in the consecutive slots. To improve transmission efficiency and reduce DCI overhead, multi-slot TTI with different TB per slot could be better. In last meeting, two methods can be considered for multiple TTI scheduling, we discuss them in details below.
· Option 1: Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U
[bookmark: OLE_LINK75][bookmark: OLE_LINK83][bookmark: OLE_LINK76][bookmark: OLE_LINK84]In this case, a single grant is able to schedule several PUSCH slots, and at least the same MCS and resource allocation can be applied to all PUSCH transmission. Therefore, the signalling overhead can be reduced when the number of scheduled UL slots increases. For DCI design, the DCI content in format 0B/4B defined in eLAA can be a reference，such as the number of scheduled UL slots can be dynamically indicated to UE, some schedule information can be the same and common for all the scheduled slots and some schedule information can be separately indicated and can be different. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK72][bookmark: OLE_LINK71][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Besides, the number of CCA can be reduced for successive slots transmission. For example, eNB sends UL grant at slot N to schedule PUSCH from slot N+3 to N+7. If UL CCA is successful for slot N+3, then UE can transmit PUSCH from slot N+3 until N+7 without additional CCA, i.e. continuous five UL slots occupation if there is no new UE is scheduled during these time. Therefore, the number of UE UL CCA needs is reduced compared with single slot scheduling. Otherwise, if UL CCA fails for slot N+3, then UE can perform CCA for slot N+4, and so on. 
· Option 2: Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
[bookmark: OLE_LINK68][bookmark: OLE_LINK67]Option 2 requires several DCIs to be transmitted to the UE in one DL slot, and these DCIs can be carried on one PDCCH with joint coding or multiple PDCCHs with separate coding. The signalling overhead is higher than option 1. These DCIs may be different，such as different MCS and resource allocation can be applied to different PUSCH transmissions. It may make sense when N is non-consecutive or scheduled UL slots belong to different TXOP in which the CSI is different and scheduling flexibility can be achieved.
[bookmark: OLE_LINK98][bookmark: OLE_LINK97][bookmark: OLE_LINK95][bookmark: OLE_LINK96]Option 2 can also reduce UL grant delay.  However, with large number of UL, UE PDCCH blind detection complexity would increase although these UL grants are in the same PDCCH monitoring occasion. From above discussion we can see both options can be further studied for NR-U.
Proposal 2: Scheduling multiple TTIs for PUSCH using a single UL grant or multiple UL grant both can be considered.
HARQ-ACK transmission
[bookmark: OLE_LINK5][bookmark: OLE_LINK4]Currently NR supports flexible DL/UL scheduling and HARQ feedback timing by dynamically being indicated in the DCI. For example, the timing between PDCCH and PDSCH and the timing between PDSCH and HARQ-ACK, or the timing between PDCCH and PUSCH. However, due to LBT, an UE may not be able to access the unlicensed channel at the time scheduled for PDSCH/PUSCH transmission or ACK/NACK feedback according to the timing indicator. Therefore, NR-U should consider the LBT failure influence on HARQ-ACK transmission. Especially, HARQ-ACK transmission on unlicensed bands should be supported for NR DC and standalone operation. Further enhancement for HARQ-ACK transmission should be considered due to LBT impact. In the last meeting it has reached the agreement that a gap of up to 16 us should be allowed between the end of the DL transmission and the immediate transmission of feedback, so there can be no LBT for HARQ-ACK transmission. Or higher-priority channel access category for UCI transmission, such as cat2 LBT scheme can be allowed.
Proposal 3: It is better to apply higher-priority channel access category for UCI transmission, or no need to perform LBT if the gap between DL and the HARQ-ACK transmission is less than 16us. 
Besides, multiple opportunities for HARQ-ACK transmission could also be supported in NR-U. For example:
· Multiple candidate carriers/BWPs can be configured for HARQ A/N transmission.
· Multiple candidate slots can be configured for HARQ A/N transmission.
Proposal 4: Multiple opportunities for HARQ-ACK transmission can be supported in NR-U, such as multiple carriers/BWPs/slots.
And in the #93 meeting, it has reached the agreement that NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes, therefore HARQ-ACK codebook can be used for the HARQ-ACK feedback design. To implement multiple slots of transmission opportunities for HARQ-ACK, the following methods can be considered. 
· Method1: the DCI scheduling PDSCH can include multiple candidate slots for corresponding HARQ-ACK transmission. 
· Method2: a slide window can be defined for HARQ-ACK transmission, and UE can feedback all the HARQ-ACK bits for this DL window with one LBT success.
· Method3: once the UE performs LBT successfully, the HARQ-ACK bits should include ACK/NACK bits that are for the previous unsuccessful feedback due to LBT failure. 
· Method4: the DCI trigger the HARQ-ACK feedback for the HARQ processes that has not been successful feedback due to LBT failure earlier.
Proposal 5: both explicit request/trigger and implicit method can be considered for HARQ-ACK transmission.
HARQ-ACK codebook
For NR both semi-static and dynamic HARQ-ACK codebook are supported which can achieve multiple TBs, TTIs, carriers, and CBGs HARQ-ACK transmission in a HARQ-ACK codebook at the same time. For NR-U semi-static HARQ-ACK codebook, due to potential supplementary transmission of HARQ-ACK as discussed in section 2.2, the HARQ-ACK codebook size could be very large which is a huge burden for UL control channel. However, it will not lead misunderstanding. By contrast, dynamic HARQ codebook has a benefit of significant overhead reduction because only the actual scheduled PDSCHs need to be acknowledged. And the DAI mechanism can help to indicate UE the total number of bits of HARQ-ACK. However, the existing DAI is only 2bits.If PDSCH cannot be transmitted due to LBT failures for accumulated over 4 times, then the ambiguity between UE and gNB could occur. Therefore, enhanced DAI mechanisms should be considered to indicate HARQ feedback of PDSCH(s) including the accumulated unacknowledged PDSCH(s) due to LBT failures. 
Proposal 6: Both semi-static and dynamic HARQ-ACK codebook can be supported, and some further enhancement should be considered. 
[bookmark: _GoBack]Conclusion 
In this contribution, we discuss scheduling and HARQ aspects for NR operation in unlicensed spectrum, and have the following proposals:
Proposal 1: Flexible scheduling scheme in NR can be inherited in unlicensed bands with some enhancements to improve the frequency utilization efficiency and to reduce channel access delay due to LBT.
Proposal 2: Scheduling multiple TTIs for PUSCH using a single UL grant or multiple UL grant both can be considered.
Proposal 3: It is better to apply higher-priority channel access category for UCI transmission, or no need to perform LBT if the gap between DL and the HARQ-ACK transmission is less than 16us. 
Proposal 4: Multiple opportunities for HARQ-ACK transmission can be supported in NR-U, such as multiple carriers/BWPs/slots.
Proposal 5: both explicit request/trigger and implicit method can be considered for HARQ-ACK transmission.
Proposal 6: Both semi-static and dynamic HARQ-ACK codebook can be supported, and some further enhancement should be considered. 
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