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Introduction 
The objectives of the NR-U WI [1] include specifying the following for physical layer procedures:
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
The agreements and conclusions from the SI phase are captured in [4]. In this contribution, we present our views on some of the remaining aspects of HARQ operation. 
Previous Agreements
The agreements thus far related to scheduling and HARQ operation are summarized below:
RAN1#93
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
RAN1#94
Agreement: 
· NR-U should support both:
· 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

RAN1#94b
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
RAN1#95
Agreement:
Introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.
Agreement:
It is beneficial to be able to support transmissions (e.g. CSI reporting or SRS, or other PUSCH, or CSI-RS, or other PDSCH) in the time between one DL data transmission for a UE and the corresponding UL transmission of DL HARQ feedback for the same UE within a shared COT.
· Potential enhancements for such type of operation, e.g. by possibly pre-configured or pre-determined uplink transmissions for reducing signaling overhead for these transmissions, may be beneficial.
Agreement:
Capture the table below in the TR for describing the potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback.
	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
	Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)

Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
	UE autonomously reports UCI with additional information about HARQ processes - e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUSCH [or PUCCH] along with the HARQ-ACK feedback.

	Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
	The UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy), even if the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT.
	Not a solution if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
	Possible if this is combined with Alt1 or Alt2 or Alt3
	Possible for indicating multiple candidate PUCCH or PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	The UE will attempt reporting at the preconfigured/pre-indicated times and resources (e.g. in a UE-initiated channel occupancy)
	Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields

Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI


Agreement:
The previous agreement on multi-TTI scheduling implies that NR-U should at least support scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant
Agreement:
In case of CBG-based HARQ and LBT category 4, enhancements for defining how to adjust the contention window size (CWS) based on TB-level HARQ-ACK and CBG-level HARQ-ACK would be beneficial.
Agreement:
Capture the following in the TR:
· [bookmark: _Hlk530139794]A possible enhancement for dynamic HARQ codebook is to support a larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions, which is more likely to occur on unlicensed spectrum
· Enhancements are necessary for aligning the dynamic HARQ codebook between UE and gNB
· Alt. 1 allows triggering/requesting a report for missed or unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback pending from earlier COT(s)
· Alt. 2 allows reporting unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of HARQ-ACK feedback pending from earlier COT(s)

RAN1#AH-1901
Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result

Conclusion:
· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR38.889 section 7.2.1.3.3)
· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case
· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT
· If additional values are introduced these can also be used for requesting feedback outside the COT
· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested

Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
[bookmark: _GoBack]Agreement:
Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.
HARQ ACK Feedback
NR supports fairly flexible HARQ operation. In both DCI Format 1-0 and DCI Format 1-1 the HARQ ACK delay field (PDSCH-to-HARQ feedback timing indicator which can be up to 3 bits long) 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}. This flexibility enables adapting the HARQ ACK feedback to dynamic frame structures. The fast HARQ-ACK feedback helps control the number of HARQ processes that are needed and to adapt to changing interference conditions. NR-U HARQ ACK design should follow similar design but some enhancements are needed due to the nature of unlicensed operation. Some of those enhancements are described in the following sections. 
Multiple A/N opportunities
In NR, the ACKs that are included in a PUCCH/PUSCH are determined based on the configured delay in the DCI for the PDSCH. 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 1, 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 1: HARQ ACK Timeline options leveraging the PDSCH to ACK delay field
In RAN1#93, it was agreed that 
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified
· 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
· 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

We feel multiple opportunities in frequency domain should be supported. UE can be given a list of HARQ ACK feedback resources on different subbands. UE can do independent LBT on each of these subbands and transmit the HARQ-ACK feedback on one of them that passes LBT. Rules on which subband to pick if multiple subbands pass LBT can also be specified (e.g. based on a pre-determined priority order, information in DCI etc) or left to UE implementation.

[bookmark: p1]Proposal 1: NR-U should support configuring UE with multiple HARQ-ACK feedback resources in frequency in different LBT subbands 
· UE can pick the resource for HARQ-ACK feedback from the configured resources based on the LBT outcome 
Multiple opportunities in time domain should also be supported. The following was agreed in RAN1-AH-1901:
· For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
Among the remaining alternatives identified during the SI phase, we feel the following should not be supported:
· Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt5: preconfigured/pre-indicated multiple opportunities in time domain
For alternative 2, one of the specific solutions proposed was for ACK feedback to be done autonomously at UE at the next ACK opportunity on LBT failure at the first ACK opportunity. Implementing such a solution would then need blind decoding of ACK at gNB with different codebook sizes as gNB cannot distinguish an ACK not being sent by UE due to LBT failure with an ACK being sent but not detected at gNB. There are also other robustness issues associated such as with UE not detecting PDCCHs – for example UE may not identify the next opportunity correctly if it did not detect any PDCCH for the next ACK opportunity. 
For alternative 5, we do not see too much benefit in configuring back to back ACK resources for same ACK feedback as it leads to higher resource reservation overhead at gNB even when there are no LBT related issues and since we don’t expect much improvement in the chances of LBT passing in such back to back resources when it fails on the first resource. Furthermore, the agreed trigger based mechanism solves the LBT related problems adequately making this additional alternative unnecessary.
[bookmark: p2]Proposal 2: Alt 2 and Alt 5 identified for multiple opportunities for HARQ A/N transmission are not supported
In the following sub-sections we provide more details for supporting triggered HARQ-ACK feedback. 
One-shot Group HARQ ACK feedback
In NR-U operation, in some cases, the gNB needs to create LBT gaps for switches from DL to UL which increases 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). This however doesn’t meet the objective of providing multiple opportunities to transmit the ACK.
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 configured HARQ processes, i.e., have a one-shot group HARQ-ACK feedback. This is shown in Figure 2. 


[bookmark: _Ref513497345]Figure 2: HARQ ACK Timeline with one-shot 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 proposal:
[bookmark: p3]Proposal 3: Introduce the following mechanisms to trigger one-shot group HARQ ACK feedback that contains or potentially contain HARQ-ACK feedback for all configured HARQ processes
· A trigger included in the DL PDSCH grant
· A trigger included in a PUSCH grant
· A separate DCI 
A separate DCI could be common DCI triggering feedback for multiple UEs or a UE-specific DCI. Mechanisms to control which HARQ IDs are included in the feedback could be based on a window size included in the DCI (as described in subsequent sections) or a bitmap which indicates which HARQ IDs to include in the feedback.
One of the challenges with the one-shot group HARQ ACK feedback is that gNB and UE may not be in sync on feedback for a particular HARQ ID if UE misses the corresponding PDCCH as is shown in the figure below. 


Figure 3: ACK feedback mis-alignment between gNB and UE for one-shot group HARQ-ACK feedback on PDCCH misdetection
As is seen in the figure, including the HARQ feedback of previous instance of that HARQ-ID in case of PDCCH misdetections leads to mismatch in gNB and UE on the HARQ ACK feedback. One solution for this problem is for UE to report NACK for a HARQ-ID for which it has already reported ACK feedback. However, such a solution doesn’t lend itself to requesting ACK feedback multiple times from the UE in case of HARQ-ACK feedback detection issues at gNB. Including the NDI bits of the HARQ process as part of the HARQ-ACK feedback by the UE solves this problem while also allowing re-request of same HARQ-ACK feedback to address detection issues at gNB. Similarly including the NDI bits in the one-shot group HARQ-ACK request trigger also solves the problem. However, doing this may not be feasible in all cases such as when the trigger in included in the DL/UL grants due to the overhead in the DCI. We thus make the following proposal:
[bookmark: p4]Proposal 4: Support including NDI bits in the one-shot group HARQ-ACK feedback
CBG level HARQ-ACK feedback was introduced in NR. In NR-U much more variations in the time domain interference are expected and hence this feature is expected to be even more helpful. However, due to the larger payload size one could consider compression schemes to reduce the payload size. 
[bookmark: p5]Proposal 5: The one-shot group HARQ-ACK feedback should also support CBG level HARQ-ACK feedback
[bookmark: p6]Proposal 6:  Introduce compression schemes to reduce the HARQ-ACK feedback overhead for CBG based one-shot group HARQ-ACK feedback
HARQ ACK codebook size determination enhancements
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 PDSCH 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.
We continue to see benefits to support both these modes and propose that both be supported.
Enhancement applicable for “semi-static” codebook size
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 in the order of 8 x #ACK bits for one TB x max number of TB per slot x Number of configured carriers. Now if we increase the number of supported delays, 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 4: 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. Note that in such a solution UE may be expected to transmit ACK on a slot different from the one indicated by the ACK delay field in the DL grant. The new field may also control such behaviour. For example, it may indicate whether the feedback should include ACK feedback for all detected DL grants that are in the window or only include the detected DL grants that point to this slot. Such a solution thus helps control the ACK overhead while at the same time enables providing multiple opportunities to transmit the ACK.
[bookmark: p7]Proposal 7: Introduce a new field in the DL grant that controls the max delay considered in semi-static HARQ ACK codebook size determination. 
In multi-carrier case where LBT is done independently on each carrier, the NR-U gNB may be able to obtain the medium only on a subset of carriers. Indicating the carriers available for use by the gNB in the DL DCI would help reduce the ACK overhead significantly. We hence make the following proposal:
[bookmark: p8]Proposal 8: Introduce a new field in the DL grant that indicates the carriers to consider for codebook size determination. 
Enhancement applicable for both “semi-static” and dynamic codebook size
We define all ACKs that correspond to the same PUCCH resource by virtue of the PDSCH-to-ACK delay field pointing to that PUCCH resource to belong to a particular ACK-Feedback-Group. In order to provide multiple time domain opportunities for ACK feedback we propose introducing mechanisms for UE to derive the following fields from the DCI. 
· Current ACK-Feedback-Group index. 
· Indicator for additional ACK-Feedback-Group(s) to include along with the current ACK feedback (e.g. bitmap, index of another ACK-Feedback-Group)
· A New Ack-Feedback Group Indicator (NGI) bit for each ACK-Feedback-Group. 
The NGI bits have been proposed to make the system robust in cases where UE misses all PDCCHs corresponding to the same ACK-Feedback-Group and would operate in a manner similar to the NDI bits used for HARQ operation. UE will replace the ACK/NACK information corresponding to an ACK-Feedback-Group with new ACK/NACK information if it receives the PDCCH with same NGI for the current ACK-Feedback-Group. UE will report the ACK NACK feedback for the additional groups only if the NGI in the DCI matches the last received NGI for that group. If the NGI does not match, which will likely only occur if it misses all previous PDCCHs of that group, it will send all NACKs. 
The number of ACK-Feedback-Groups could be RRC configured. With 4 ACK-Feedback-Groups, for the bitmap based approach for indicating additional ACK-Feedback-Group, we would need 9 additional bits (2 current ack-feedback group index +3 bitmap+4 NGI) in DCI whereas indicating only one additional ACK-Feedback-Group would need 6 additional bits (2 current ack-feedback group index + 2 additional ack-feedback group index+2 NGI). We could also consider implicitly derived current ACK-Feedback-Group index (e.g. from the slot index/ARI of the corresponding ACK resource) to further reduce the DCI overhead at expense of reduced scheduling flexibility.
[bookmark: p9]Proposal 9: Introduce mechanism to convey the following information through DL grant
· Current ACK-Feedback-Group index 
· FFS implicit or explicit indication
· Indicator for additional ACK-Feedback-Group(s) whose ACK feedback is to be included along with the current ACK feedback (e.g. bitmap, index of another ACK-Feedback-Group)
· A New Ack-Feedback Group Indicator (NGI) bit for each ACK-Feedback-Group that operates like the NDI bit for HARQ operation
· Further details FFS
With introduction of the ACK-Feedback-Group, we also need to update the DAI in the existing grant to include the DAI of the additional groups. 
[bookmark: p10]Proposal 10: The DAI counter field in DL grants that request including of ACK feedback for additional ACK-Feedback-Group(s) should count the DAI of those additional ACK-Feedback-Group(s) as well
Handling feedback for end-of-CoT PDSCH
The ACK feedback for PDSCH’s whose ACK cannot be included in the current COT due to processing timeline reasons can be triggered in future COTs using the group HARQ-ACK feedback DCI or by including the HARQ-ACK-feedback group / NGI indication in the DCI that were described earlier.
PDSCH/PUSCH Scheduling
Time domain resource allocation
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. Similar enhancements to PDSCH to HARQ delay field were already agreed to be beneficial in RAN1#94.
[bookmark: p11]Proposal 11: Number of bits in the UL PUSCH time domain resource assignment field are increased
Multi-TTI scheduling
Multi-TTI grants for PUSCH were agreed to be introduced for NR-U. In the following sections we provide more details of design of the multi-TTI grant.
Mix of mini-slot and full slot grant

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 5.


[bookmark: _Ref513638859][bookmark: _Ref513638854]Figure 5: Examples of operation with Multi-TTI grant
[bookmark: p12]Proposal 12: 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
Gap in PUSCH allocation scheduled with multi-TTI grant
To enable adaptation to varying channel conditions we need to let UE send some PUSCH/UL transmissions, monitor those and then update the transmission parameters (e.g. MCS) for following PUSCH. Updating the PUSCH parameters requires gNB to send a new UL grant with the updated parameters. However, as there is a minimum gap between PDCCH to PUSCH for processing delay the PDCCH has to be sent slightly ahead of the PUSCH. To avoid having any unused resources we need to provide a gap between the previous PUSCH Tx to send the updated PDCCH as is shown in Figure 6.



[bookmark: _Ref1130998]Figure 6: Multi-TTI grant with gap in PUSCH allocation
[bookmark: p13]Proposal 13: The multi-TTI grants time domain resource allocation should support providing a gap for sending DL control information between the PUSCH slots scheduled by the multi-TTI grant

Multi TTI Grant: DCI design
With multi-TTI grant, we could have some configurations changing across the TTI’s while many others don’t change. We propose that at least the following fields are common or indicated only once for all TTIs in the multi-TTI grant and are indicated using the same signalling mechanisms as in NR:
· Identifier for DCI formats
· Carrier indicator
· Bandwidth part indicator
· Frequency domain resource assignment
· Frequency hopping flag
· Modulation and coding scheme
· TPC command for scheduled PUSCH
· Precoding information and number of layers
· Antenna ports
· PTRS-DMRS association
· beta_offset indicator
· DMRS sequence initialization
· UL-SCH indicator
· SRS resource indicator
· SRS request
· CSI request
· 1st downlink assignment index
· 2nd downlink assignment index
The following information may change across TTIs:
· Time domain resource assignment: This may now provide a start symbol for first slot and last symbol for last slot. This may also be enhanced to provide information on number of TTIs, information about any gaps in transmission (which may be useful due to timeline reasons for scheduling more PUSCHs for example). 
· New data indicator
· Redundancy version
· HARQ process number
· E.g. grant provides starting HARQ process number with HARQ ID of subsequent TTIs incrementing by 1
· CBG transmission information (CBGTI)
Furthermore, we propose that the following additional information be included in the DCI
· Number of TTIs (this may be included as part of enhanced time domain resource assignment)
· Information about number of allowed mini / full slots
NR support CBG based HARQ ACK feedback and CBG based retransmission. The benefits CBG based HARQ also apply to NR-U and hence should be supported for NR-U. However, indicating the CBG based transmission information for each of the TTIs scheduled by the multi-TTI grant in the same DCI can increase the DCI overhead significantly. For example, with 16 HARQ processes and 4 CBGs per HARQ process, the multi-TTI grant would need 64 bits just for the CBG based transmission information. Similarly, there are other fields that were mentioned above that can change every TTI. Hence, some solutions need to be considered in order to accommodate the increased DCI overhead. The following solutions can be considered for reducing the DCI size. 
· Splitting the information into two smaller DCIs
· Compression schemes for the CBG indication in multi-TTI grant. 
A simple compression scheme could be to only support CBG based retransmission for a limited number of TBs. For the example considered above, if we limit the CBG based allocation to 4 TBs, we would require log2 (16 choose 4) to indicate the 4 HARQ processes, and 4 bits for CBG allocation per HARQ process x 4 HARQ processes, i.e., 27 bits instead of 64 bits.
[bookmark: p14]Proposal 14: The multi-TTI grants should also support CBG based retransmissions
[bookmark: p15]Proposal 15: Introduce the following schemes to reduce the DCI size of multi-TTI grant with CBG based retransmissions
· Splitting the information into two smaller DCIs
· Compression schemes for the CBG indication in multi-TTI grant 
Two-Stage Grant


[bookmark: _Ref521327881]Figure 7: Two-stage grant for scheduling PUSCH
As shown in Figure 7, due to the delay between the UL grant sent in PDCCH in DL and the PUSCH transmission in UL, a node winning the medium could still lose it prior to the UL transmission. The delay itself is necessary as the UE has to decode the PDCCH to detect a grant and then it has to prepare the packet for PUSCH transmission. In eLAA a two-stage grant was introduced for PUSCH scheduling to address this issue. As shown in Figure 7, the two-stage grant splits the PUSCH scheduling is two parts. A first grant provided the trigger to prepare the PUSCH. A second grant asks it to transmit the PUSCH. Since the UE already has the PUSCH packet prepared prior to the second grant, the delay from end of second grant to PUSCH transmission is thus reduced.
For NR PUSCH timing capability 1, the PDCCH to PUSCH delay is 10 symbols (~710us) for 15KHz SCS and 12 symbols (~430us) for 30KHz SCS. Although this gap is much smaller than what LAA had between the PDCCH and PUSCH, the delay is still very large compared to the duration needed for cat-4 LBT. For example, a node with contention window of 16, in absence of other interferers, would complete its cat-4 LBT in at most 205us which is much smaller than the PDCCH to PUSCH delay in NR. This can thus lead to consistent loss of medium to neighbouring nodes. Hence, we propose that two-stage grant should also be supported in NR-U.
[bookmark: p16]Proposal 16: Two-stage grant where a first grant gives the parameters necessary for PUSCH transmission preparation and a second grant that provides the trigger for PUSCH transmission should be supported for scheduling PUSCH
Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: NR-U should support configuring UE with multiple HARQ-ACK feedback resources in frequency in different LBT subbands 
· UE can pick the resource for HARQ-ACK feedback from the configured resources based on the LBT outcome
Proposal 2: Alt 2 and Alt 5 identified for multiple opportunities for HARQ A/N transmission are not supported
Proposal 3: Introduce the following mechanisms to trigger one-shot group HARQ ACK feedback that contains or potentially contain HARQ-ACK feedback for all configured HARQ processes
· A trigger included in the DL PDSCH grant
· A trigger included in a PUSCH grant
· A separate DCI 
Proposal 4: Support including NDI bits in the one-shot group HARQ-ACK feedback
Proposal 5: The one-shot group HARQ-ACK feedback should also support CBG level HARQ-ACK feedback
Proposal 6:  Introduce compression schemes to reduce the HARQ-ACK feedback overhead for CBG based one-shot group HARQ-ACK feedback
Proposal 7: Introduce a new field in the DL grant that controls the max delay considered in semi-static HARQ ACK codebook size determination.
Proposal 8: Introduce a new field in the DL grant that indicates the carriers to consider for codebook size determination. 
Proposal 9: Introduce mechanism to convey the following information through DL grant
· Current ACK-Feedback-Group index 
· FFS implicit or explicit indication
· Indicator for additional ACK-Feedback-Group(s) whose ACK feedback is to be included along with the current ACK feedback (e.g. bitmap, index of another ACK-Feedback-Group)
· A New Ack-Feedback Group Indicator (NGI) bit for each ACK-Feedback-Group that operates like the NDI bit for HARQ operation
· Further details FFS
Proposal 10: The DAI counter field in DL grants that request including of ACK feedback for additional ACK-Feedback-Group(s) should count the DAI of those additional ACK-Feedback-Group(s) as well
Proposal 11: Number of bits in the UL PUSCH time domain resource assignment field are increased
Proposal 12: 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 13: The multi-TTI grants time domain resource allocation should support providing a gap for sending DL control information between the PUSCH slots scheduled by the multi-TTI grant
Proposal 14: The multi-TTI grants should also support CBG based retransmissions
Proposal 15: Introduce the following schemes to reduce the DCI size of multi-TTI grant with CBG based retransmissions
· Splitting the information into two smaller DCIs
· Compression schemes for the CBG indication in multi-TTI grant
Proposal 16: Two-stage grant where a first grant gives the parameters necessary for PUSCH transmission preparation and a second grant that provides the trigger for PUSCH transmission should be supported for scheduling PUSCH
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