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Introduction 
In RAN#76 a new SI [1] for NR based access to unlicensed spectrum was introduced. The objectives of the SI included the following
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· 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 in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
In RAN1 meeting #92b, an agreement was reached to study possible enhancements to HARQ operation. In this contribution, we present our views on the same. 
PDSCH/PUSCH Scheduling
In unlicensed operation it is quite likely that there is a long string of DL slots followed by a long string of UL slots. Such a TxOP structure avoids frequent switches between DL and UL which in some cases involves LBT gaps and can lead to potential loss of the medium. This includes switching from DL to UL for HARQ ACK feedback. Furthermore, with use of min-slots and slots with larger SCS, such as 60KHz for sub 7 GHz and as much as 960KHz for 60GHz mmwave the number of required HARQ processes can get quite large. The number of HARQ processes will have to be designed to consider such long streak of DL only or UL only slots. An example of this is shown in Figure 1 where with a 5ms DL portion in a TxOP, we need at least 5 HARQ processes for 15Khz SCS but with 60KHz SCS the number of required HARQ processes to fill in the 5ms TxOP increases to 20. Note that the larger SCS is also desirable as it provides more start opportunities for the TxOP and hence improves the medium access probability and reduces LBT pass and slot boundary mis-alignment related overhead. 


[bookmark: _Ref513489512][bookmark: _Ref513489499]Figure 1: Number of HARQ processes for NR-U with larger SCS
In general, increasing the number of HARQ processes per cell has difficult software and hardware implementation implications. It will be preferred if an alternative approach can be used that takes advantage of the existing UE NR capability.
One way to mitigate the increase in the number of HARQ processes is to allow a single grant to schedule a single TB over multiple slots. In Figure 1, for example, with multi-slot grants that span 2 slots, the number of required HARQ processes reduces by a factor of two. The TB size with the multi-slot grant should scale proportionally with the number of slots and the TB should be rate-matched over multiple slots (rather than rate-matched for one slot and repeated over multiple slots which may have link-level performance losses). Such multi-slot grants will help control and DL overhead for PDCCH as well as UL overhead for HARQ ACK feedback. These of course apply to both PDSCH and PUSCH scheduling.
Proposal 1: Introduce multi-slot grants with the TB(s) rate matched jointly across the multiple allocated slots
NR provides flexibility in the UL grant to specify a delay between the PDCCH and PUSCH as part of the time domain resource assignment which is a key requirement for enabling efficient unlicensed operation. One may consider enhancing the number of bits for the delay field to have more scheduling flexibility. Additionally, it is desirable to introduce multi-TTI UL grant. In unlicensed operation, to avoid frequent DL to UL switches (which may need LBT gap each time) the gNB may just schedule the same set of UE on multiple back to back slots. Having a multi-TTI UL grant enables this to be done in an efficient manner as it reduces the number of UL grants and the number of slots for just scheduling PUSCH.
To enable more LBT opportunities for the UE, it may also be desirable for the multi-TTI grant to support mini-slot type grant at the beginning which switches to full slot grant at slot boundaries. Some examples of how the multi-TTI grant would operate with LBT and with mix of mini-slots and full slots is shown in Figure 2.


[bookmark: _Ref513638859][bookmark: _Ref513638854]Figure 2: Examples of operation with Multi-TTI grant
The multi-TTI grant should also support CBG based retransmission. To avoid significantly increasing the DCI payload size with multi-TTI grant, compression schemes for the CBG based retransmission indication should be considered. 
Proposal 2: Number of bits in the UL PUSCH time domain resource assignment field are increased
Proposal 3: Multi TTI grants are introduced for PUSCH. 
Proposal 4: The multi-TTI grants should include support for transmitting mini-slots in the initial portion of the transmission followed by switching to full slot at slot boundaries.
Proposal 5: The multi-TTI grants should also support CBG based retransmissions
HARQ ACK Feedback
NR supports fairly flexible HARQ operation. In both DCI Format 1-0 and DCI Format 1-1 there is a 3 bit HARQ ACK delay field (PDSCH-to-HARQ_feedback timing indicator) that can be used to control the location of the ACK. In DCI Format 1-1 the delay values come from a higher layer configured set while for DCI Format 1-0 the delay is from the set {1, 2, .., 8}.
NR supports two modes for determining the ACK codebook size – semi-static mode and dynamic mode. 
· In semi-static mode the ACK codebook size is determined based on the maximum number of TBs across cells and PDCCH monitoring occasions in time that can be configured to have ACK on the same slot. This mode is more robust to missed and false DCI detections than dynamic mode but comes at the expense of more bits for ACK feedback.
· In dynamic mode the ACK codebook size is determined based on the number of actually received DCIs pointing to the same ACK slot. To make this robust to missed and false DCI detections, a counter DAI and total DAI field is introduced in the DCI.
These modes enable adapting the HARQ ACK feedback to dynamic frame structures and are thus desirable to support for NR-U operation as well. The fast HARQ-ACK feedback helps control the number of HARQ processes that are needed. Additionally, depending on the time between the DL and UL switches, the feedback and following DL transmissions may not need any LBT gaps. We hence propose that the NR based HARQ-ACK procedures and timelines also be supported for NR-U.
Proposal 6: HARQ-ACK feedback timelines and procedures including self-contained slots supported in NR are also supported in NR-U
Proposal 7: Switches between DL and UL for exchange of control information during data transmission should be supported. The switching should not require any LBT when the gap is within the regulatory requirements. This includes
· UCI transmission such as for HARQ ACK between DL slots carrying PDCCH/PDSCH
· DCI transmission such as for UL grants between UL slots carrying PUCCH/PUSCH
In both these modes, the ACKs that are included in a PUCCH/PUSCH are determined based on the configured delay. Hence the ACK for any particular HARQ process has only one opportunity of being sent. Having a single opportunity for ACK feedback may result in not transmitting ACK in many cases due to LBT failures. For example, in Figure 2, if the LBT fails in the first LBT gap, the HARQ ACK feedback for the first two HARQ processes are never sent. To make the system more robust to LBT related failures, it is desirable to have multiple opportunities to send the HARQ ACK feedback. 


[bookmark: _Ref513497040]Figure 3: HARQ ACK Timeline options leveraging the PDSCH to ACK delay field
In addition, in NR-U operation, in some cases, the gNB needs to create LBT gaps for switches from DL to UL which increase overhead and results in potential loss of access to the medium. To avoid these issues gNB may choose a frame structure that has just one switch from DL to UL. LTE eLAA adopted such a design for example. In this case we may want a larger set of delay values that are supported. For example, DCI Format 1-0 currently supports only delay of 1 to 8 which means that with a SCS of 60KHz, the maximum contiguous DL portion can be at most of the order of 2ms (8 * 0.25ms). 
An alternate way to solve this problem is to not include an explicit ACK delay field in the DCI. Instead have an ACK trigger that causes the UE to transmit the HARQ-ACK bits for all HARQ processes, ie..have a group HARQ-ACK feedback. This is shown in Figure 3. LTE-eLAA uses such an approach. 


[bookmark: _Ref513497345]Figure 4: HARQ ACK Timeline with group HARQ-ACK feedback

It is desirable to support both kind of solutions in NR – one that leverages the NR PDSCH to HARQ ACK delay field as well as one that uses the one-shot group HARQ ACK feedback. Hence, we have the following proposals:
Proposal 8: Support configurable bitwidth for PDSCH-to-HARQ_feedback timing indicator from 0 to N bits 
· 0 bit to handle triggered group HARQ ACK feedback 
· N>3 bits to support more flexible feedback timing
Proposal 9: Introduce group HARQ ACK feedback and mechanisms to trigger group HARQ ACK feedback
Proposal 10: Introduce mechanisms to support retransmission of HARQ ACK bits 
HARQ ACK codebook size determination enhancements
In the current NR design for HARQ ACK codebook size determination, if the supported delays are from {1,2,..,8} the ACK codebook size would be 8 x #ACK bits for one TB. Now if we increase the number of supported delay’s the ACK codebook size would increase significantly. It may not be efficient to always mandate transmission of the larger sized ACK codebook. 


[bookmark: _Ref513498825]Figure 5: Dynamic adaptation of max delay for ACK codebook size determination
To avoid increasing the number of ACK bits in every feedback a new field in the DCI can indicate the max delay to consider for the ACK feedback. As an example, in Figure 4, we show a case where the DCI can indicate the max delay to be either 4 or 8. When things function normally the delay can be set to 4 so HARQ ACK feedback for 4 HARQ processes is included in each UL ACK feedback. However, if an LBT failure occurs the gNB can set the delay to 8 HARQ processes thereby giving a second opportunity for feedback of the HARQ ACK of the first 4 processes.
Proposal 11: Introduce a new field in the DCI that controls the max delay considered in HARQ ACK codebook size determination
Enhancements to interpretation of HARQ ACK delay field
Currently in NR, an ACK is transmitted corresponding to each received DCI in the slot determined based on the HARQ-ACK delay field. In NR-U however, in some scenarios we may not want an ACK to be triggered for some DL grants. For example, if the grant leads to the HARQ-ACK feedback outside the TxOP, we may want the ACK feedback to be skipped. We could add an explicit trigger or reserve a delay value in the HARQ-ACK delay field to indicate whether ACK needs to be transmitted or skipped corresponding to the current PDSCH.
Proposal 12: Introduce mechanisms to disable ACK transmissions corresponding to a DL grant
Conclusion
The proposals made in this contribution are summarized below.
Proposal 1: Introduce multi-slot grants with the TB(s) rate matched jointly across the multiple allocated slots
Proposal 2: Number of bits in the UL PUSCH time domain resource assignment field are increased
Proposal 3: Multi TTI grants are introduced for PUSCH. 
Proposal 4: The multi-TTI grants should include support for transmitting mini-slots in the initial portion of the transmission followed by switching to full slot at slot boundaries.
Proposal 5: The multi-TTI grants should also support CBG based retransmissions
Proposal 6: HARQ-ACK feedback timelines and procedures including self-contained slots supported in NR are also supported in NR-U
Proposal 7: Switches between DL and UL for exchange of control information during data transmission should be supported. The switching should not require any LBT when the gap is within the regulatory requirements. This includes
· UCI transmission such as for HARQ ACK between DL slots carrying PDCCH/PDSCH
· DCI transmission such as for UL grants between UL slots carrying PUCCH/PUSCH
Proposal 8: Support configurable bitwidth for PDSCH-to-HARQ_feedback timing indicator from 0 to N bits 
· 0 bit to handle triggered group HARQ ACK feedback 
· N>3 bits to support more flexible feedback timing
Proposal 9: Introduce group HARQ ACK feedback and mechanisms to trigger group HARQ ACK feedback
Proposal 10: Introduce mechanisms to support retransmission of HARQ ACK bits 
Proposal 11: Introduce a new field in the DCI that controls the max delay considered in HARQ ACK codebook size determination
Proposal 12: Introduce mechanisms to disable ACK transmissions corresponding to a DL grant
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