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Introduction
This paper summarizes proposals on HARQ enhancement for NR-U submitted at the RAN1#96bis meeting. 
· The aspects on HARQ feedback mechanism are discussed in Section 2
· The aspects on scheduling are discussed in Section 3
The corresponding WI objectives are:
[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 SI agreements on potential HARQ enhancements are documented in TR38.889. The proposals generated by the feature lead are appended at the end of each subsection.
The two aspect below related to HARQ are primarily discussed in other agenda items, so no proposals are made in this summary on those aspects although the related contributions submitted to RAN1#96 are summarized in sections 2.15 and 2.1.6. Companies are encouraged to submit the corresponding proposals to the relevant agendas for:
· LBT category for UE transmission of HARQ A/N feedback, and possible signalling of the LBT category
· Adaptation of contention window size in case of configuration of CBG HARQ

Discussion
HARQ A/N feedback enhancements
In addition to the study phase agreements that are captured in TR38.889, further agreements were achieved at the RAN1 AH1901 meeting:
· 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
· 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
· 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)

PDSCH-to-HARQ-timing-indicator
Companies’ views at RAN1#96 are summarized below:

Largest value of K1 configurable by RRC (parameter dl-DataToUL-ACK) for NR-U in DCI format 1-1 and 1-0:
· 15 (as in Rel-15): NTT Docomo, Ericsson, Qualcomm (when PDSCH-to-HARQ-timing-indicator indicates a non-reserved value), Spreadtrum, ZTE
· [bookmark: OLE_LINK9]Larger than 15: Huawei, HiSilicon, MediaTek (>= 40), Fujitsu (more than 10 candidates)
· Larger than 15 by reusing PRI field to indicate timing: Qualcomm (when PDSCH-to-HARQ-timing-indicator indicates a reserved value)
· Depending on support of multiple DL/UL switching points, undefined K1 value inside a COT, and 60 kHz SCS: Intel
· Further study of the pros and cons is needed: ITRI

Size of the PDSCH-to-HARQ-timing-indicator:
· 3 bits (as in Rel-15): NTT Docomo, Ericsson, Qualcomm, Spreadtrum, ZTE
· More than 3 bits: MediaTek, Fujitsu

Detailed discussion points:
· Docomo: gNB can use multiple DL/UL switching points within a COT, it is not necessarily to have all the HARQ feedback at the end of the COT.
· Ericsson: the gNB can skip on providing any timing for the transmission of HARQ A/N feedback at the time of the data transmission and provide it later to feedback in the same COT, when the delay between the PDCCH and the PUCCH is larger than 15. Increasing the largest value of K1 would require increasing the number of bits for the PDSCH-to-HARQ-timing-indicator. It is not clear how adding a single or few new values of dl-DataToUL-ACK is possible without extending the number of bits of PDSCH-to-HARQ-timing-indicator when the gNB still needs to semi-statically down select only 8 values that fall between (0 and 15/31/63). A better approach is to increase the number of switching points to accommodate earlier transmission of HARQ-ACK feedback.
· MediaTek: Considering the largest SCS for control and data channels supported in NR-U (60 kHz) and the longest COT allowed by regulations (10 ms), the largest slot offsets between the first and the last slots would be 39. Creating more DL/UL gaps increases the risk of losing the channel due to LBT failure. To reduce number of switching points within a COT, a large set of PDSCHs or all PDSCHs in a channel occupancy could be acknowledged in a same HARQ-ACK feedback. In this case, a larger set of slot offsets would be necessary to support the maximum number of slots with DL scheduling that can be acknowledged in a HARQ-ACK feedback for a UE.
· Fujitsu: In case of SCS of 30 kHz or 60 kHz, more than 10 full/partial slots can be included in the DL burst. To maintain the scheduling flexibility of the gNB, it is desirable to allow dynamic indication of a K1 value from more than 10 candidates.
· Intel: It is beneficial to introduce additional flexibility in the timing at which the feedback for a corresponding PDSCH is scheduled inside the COT as much as possible. For that reason, K1 values should be increase to support values of up at least 40.
· Huawei: For a COT with 10 ms length there will be at least 40 slots in each COT with 60 kHz subcarrier spacing (or more with some gaps of at least 100 us). Values larger than 15 by RRC signaling should be allowed in order to use the longest COT with a structure such as many DL slots following by a few UL symbols used for carrying the HARQ feedback of most the PDSCHs scheduled within this COT (with the possible exception of the very last ones). This avoids having to rely on multiple DL/UL switching points (risk of losing the channel) or without having to delay most of the HARQ feedback to a later COT (larger latency, fewer usable HARQ processes).

OPPO is proposing that one DCI can override an earlier K1 indication to delay the previously scheduled PUCCH resources (that has not yet been transmitted) to a later slot.

Conclusion from FL:
· The largest value supported by RRC parameter dl-DataToUL-ACK is FFS

Ericsson proposed to define additional behaviour for deferred HARQ-ACK feedback if the network does not provide sufficient time for UE processing (according to the UE capability): A UE is expected to postpone transmission of HARQ-ACK information corresponding to PDSCH(s) in a PUCCH for K1 values that result in a time T, being the time between the last symbol of the PDSCH(s) and the starting symbol of the PUCCH, that is less than the required processing time for PUCCH transmission. Note that this proposal, if introduced, is proposed to also apply to licensed band operation from Rel-16.

Proposed agreement: 
· A UE is expected to postpone transmission of HARQ-ACK information corresponding to PDSCH(s) in a PUCCH for K1 values that result in a time T, being the time between the last symbol of the PDSCH(s) and the starting symbol of the PUCCH, that is less than the required processing time for PUCCH transmission.

Proposed conclusion (offline consensus)
· The new state of PDSCH-to-HARQ-timing-indicator that indicates postponing the HARQ-ACK does not correspond to a numerical value.

Updated Proposed conclusion
· A non-numerical value of the PDSCH-to-HARQ-timing-indicator is used to tell the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.

From TR38.889: “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.”

[bookmark: OLE_LINK1]Multiple opportunities for HARQ A/N transmission

The candidate alternatives documented in the NR-U TR38.889 are listed in the table below.

	
	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

	[bookmark: OLE_LINK6]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



Summary of companies’ views based on proposals submitted to RAN1 AH1901, RAN1#96 meetings and updated at RAN1#96bis meeting:

· Alt1
· With dynamic codebook and explicit PDSCH grouping, where DCI scheduling PDSCH associates the PDSCH with a group, and group index is signaled in DCI requesting feedback
(names used in contributions for grouping PDSCHs: PDSCH group, PDSCH set, ACK-Feedback-Group, HARQ feedback codebook, HARQ codebook, HARQ-ACK group, HARQ-ACK codebook process, HARQ process group, HARQ-ACK sub-codebook, window ID, slot group). See section 2.1.3 for details about the related dynamic codebook enhancements.
· Supported by (21): MediaTek, Intel, Qualcomm, Nokia, Nokia Shanghai Bell, Huawei, HiSilicon, Panasonic, Fujitsu, Sony, Lenovo, Motorola Mobility, Interdigital, CAICT, Spreadtrum, AT&T, LG, ZTE, Samsung, AT&T, OPPO
· With dynamic codebook and implicit PDSCH grouping in DCI explicitly requesting feedback
· Supported by: Docomo, Ericsson (toggle bit NFI, where the the NFI bit acts as an explicit indication to trigger feedback retransmission within the next feedback occasion)
· One-shot feedback for all HARQ processes with explicit triggering and explicit timing
· Supported by: Qualcomm, Nokia, Nokia Shanghai Bell, Huawei, HiSilicon, Vivo, MediaTek
· QC: If the trigger is included in the DL/UL grants, support including NDI bits in the one-shot group HARQ-ACK feedback. If the trigger is a separate DCI, support including NDI bits in the DCI. Introduce compression scheme to reduce the HARQ-ACK feedback overhead for CBG based one-shot group HARQ-ACK feedback
· MediaTek: The request/trigger is carried in a UE-specific DCI carrying a PUSCH grant or a PDSCH assignment
· Alt2
· VIVO
· When HARQ-ACK feedbacks are piggybacked on PUSCH, to decode these HARQ-ACK feedbacks correctly by gNB, 1 bit in UCI can be used to indicate whether there are HARQ-ACK feedbacks corresponding to all configured HARQ processes
· When HARQ-ACK feedbacks are multiplexed on PUCCH, gNB can blindly decode between two cases, i.e., UE transmits only HARQ-ACK feedbacks scheduled in the slot, or also including HARQ-ACK feedbacks corresponding to all configured HARQ processes
· ZTE: Alt2 and Alt1 can be complementary, such as a timer can be configured, if UE has not receive the gNB trigger information before the timer expire, it can use Alt2. If Alt 2 is supported, HARQ process ID or HARQ process ID group should be included in the UCI.
· Charter: Alt2 should be discussed in the context of configured-grant enhancements
· Not supported by: MediaTek, Nokia, Nokia Shanghai Bell, Samsung, Huawei, HiSilicon, Intel, DOCOMO, Qualcomm, Ericsson
· Alt3
· Feasible without specific enhancements, only remaining details on how to indicate the LBT type (depending on whether the later COT is initiated by gNB or by UE)
· ITRI mentioned confirming whether Alt3 is supported using evaluations
· Charter: gNB can request feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH. Cat-4 LBT is assumed to be the COT-initiation channel access mechanism for UE transmission of HARQ A/N feedback in this case
· Alt4
· [bookmark: OLE_LINK5]Broadly supported by: MediaTek, Qualcomm, Huawei, HiSilicon, ZTE, Nokia, Nokia Shanghai Bell, Sony, Samsung, ITRI, LG, Docomo, CAICT
· For the CA case, some companies suggested allowing PUCCH on carriers (SCells) other than PCell or PSCell or PUCCH-SCell: Ericsson, Huawei, HiSilicon, Samsung, Docomo, CAICT
· For the wideband carrier case, Ericsson mentioned that details of wideband operation need to be agreed first by RAN4
· Details
· Samsung proposed to allow piggybacking the PUCCH over PUSCH if the LBT subband of the PUCCH fails CCA, while considering UE processing time for PUSCH in the solution
· OPPO suggested that UE chooses one of the multiple configured PUCCH resources based on the LBT results
· Docomo: For the case of HARQ-ACK on PUCCH, multiple PUCCH resources (in case of single wideband operation) and/or multiple PUCCH cells (in case of CA operation) is/are configured. For the case of HARQ-ACK on PUSCH, UCI including HARQ-ACK is piggybacked on every PUSCH in different CC in case of CA operation
· Nokia observed that there is not sufficient need for PUCCH resource allocation on multiple cells justifying the required standardization efforts.
· Not supported (for wideband carrier operation): Intel, Ericsson, Spreadtrum
· Alt5
· Broadly supported by: MediaTek, Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, OPPO, Sony, Lenovo, Motorola Mobility, Samsung, Xiaomi, LG, ZTE, ITRI
· Alt5a with multiple timings indicated by PDSCH-to-HARQ-timing-indicator field
· Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, Samsung
· Alt5a with multiple timings indicated by PUCCH Resource Indicator field (TDM)
· LG
· Alt5a with multiple timings indicated by new additional field to indicate the slot offset(s) between first transmission opportunity and additional transmission opportunity(s)
· MediaTek
· Alt5b: within a sliding window
· Sony, Lenovo, Motorola Mobility, CAICT
· Needs further investigations: Ericsson, InterDigital, DOCOMO
· Not supported: Qualcomm, Intel, Spreadtrum

While the views above are related to the enhancements for providing multiple opportunities for HARQ A/N transmissions with dynamic HARQ codebook, one company (Sharp) proposed to define a method of creating multiple HARQ-ACK feedback opportunities in time domain by enhancing the semi-static HARQ-ACK codebook.

Details of Alt1

Companies proposed requirements for Alt1a with dynamic HARQ codebook determination and DCI signalling, which are summarized below:
· Allow requesting ACK feedback from an earlier slot that didn’t indicate a HARQ feedback timing
· Allow requesting the same ACK feedback multiple times from the UE in case of LBT failure, PUCCH/PUSCH detection failure at the gNB, or PDCCH detection failure at the UE
· Maximum vs. unlimited number of retransmissions of a HARQ-ACK group
· Robustness in cases where UE misses all PDCCHs corresponding to the same HARQ-ACK group
· Robustness to missing up to 3 consecutive PDCCHs (same capability in missing PDCCHs as LTE and NR)
· HARQ feedback remains correct (in terms of size as well as A/N bit location in the codebook) even if UE misses a whole HARQ feedback window
· HARQ feedback transmission for the last PDSCH of the previous COT in a current COT should not cause unnecessary re-transmission of HARQ feedback for other PDSCHs in the previous COT
· For dynamic codebook, avoid HARQ-ACK ambiguity when previous HARQ-ACK feedback appears in the middle of DL slot set associated with current HARQ-ACK codebook
· Number of additional bits in DCI
· Considering gNB/UE processing time (Intel): for a HARQ-ACK group, at most one HARQ-ACK retransmission is supported or no HARQ-ACK retransmission is supported at all

Proposed agreement from RAN1#96
· For Alt1 with HARQ dynamic codebook, the gNB requests/triggers HARQ-A/N feedback for one or more groups of PDSCHs
· Groups are not semi-statically configured
· A DCI scheduling a PDSCH associates the PDSCH with one group index
· A DCI can request/trigger feedback for one or more groups of PDSCHs in the same PUCCH or PUSCH
· The request/trigger is supported at least in a DCI scheduling PDSCH including PDSCH-to-HARQ-timing-indicator and PUCCH resource indicator
· FFS: also supported in a UL grant or in a DCI not carrying a scheduling grant
· FFS: details of how to determine the dynamic HARQ codebook for one or more groups of PDSCHs in a requested/triggered HARQ-A/N feedback

Proposed agreement for RAN1#96bis (at the end of offline session)
· For Alt1 with dynamic HARQ codebook:
· [bookmark: _GoBack]dynamic PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: A group is defined to include only all the PDSCHs whose HARQ-ACKs are initially scheduled to be transmitted for the first time on the same PUCCH
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI requesting HARQ-ACK feedback signals one or more PDSCH group index
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· [bookmark: OLE_LINK2]The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: A group is defined to include all PDSCHs whose HARQ-ACK are transmitted or retransmitted on the same PUCCH, i.e. the group can be dynamically extended
· One PUCCH carries HARQ-ACK feedback for a single PDSCH group
· DCI requesting HARQ-ACK feedback signals a single PDSCH group index
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission


Proposed agreement (for online session)
· For Alt1 (to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback) with dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Two options are identified:
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The DL association set for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH carries HARQ-ACK feedback for a single PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The DL association set for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission


There were proposals to support gNB to request HARQ-ACK feedback for PDSCH groups in a DCI not scheduling a PDSCH. For example it was proposed to support a triggering DCI provided by the gNB which contains no data scheduling, for the case where there is pending HARQ-ACK feedback but no new data to schedule.
Further discussion will be needed on this proposal once progress has been made on Alt1 triggering with a DCI scheduling PDSCH.

One-shot HARQ ACK feedback

There were proposals to additionally support one-shot HARQ ACK feedback for all configured HARQ processes:
· Trigger can be in DL PDSCH assignment, in PUSCH grant, or in a DCI not carrying a scheduling grant
· In case of a DCI not carrying a scheduling grant, the DCI could be UE-specific or common
· A trigger could be sent in a DCI with invalid/empty resource allocation field, to save BD efforts
· One company proposed that UE includes NDI bits in the one-shot group HARQ-ACK feedback
· One company proposed to introduce compression schemes to reduce overhead for CBG based feedback

An observation from the feature lead is that this could be seen as complementary to a solution based on Alt1 if the trigger for one-shot group HARQ ACK feedback would be carried in a PUSCH grant or in a DCI not carrying a grant.

Proposed agreement
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced for NR-U (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook

Alt4
Regarding Alt4, considerations could be discussed separately for the different options for wideband operation with subband LBT. The discussion on the wideband carrier case could start once RAN1 (and RAN4) reaches a better understanding of the wideband operation options to be supported.

Proposed agreement
· For Alt4 in the CA case, allow PUCCH on carriers (SCells) other than PCell or PSCell or PUCCH-SCell

Regarding Alt5, further discussion is needed.

[bookmark: _Ref5705214]Dynamic HARQ codebook

With respect to proposals related to Alt1, a number of detailed proposals were provided on how to determine the dynamic HARQ codebook. Proposals related to dynamic HARQ codebook enhancements for Alt1 are in section 2.1.2.

	[bookmark: OLE_LINK10]Huawei
	DCI is used to trigger the feedback for PDSCH(s) from earlier COT(s). Feedback is triggered for one or more PDSCH sets. In order to indicate the accumulated unacknowledged PDSCH(s), both the counter DAI and total DAI should be extended. PDSCH set is defined as the PDSCH(s) for which the HARQ-ACK information is originally indicated to be carried in a same PUCCH. A PDSCH set ID S_ID is signalled in the DCI scheduling the PDSCH. The DCI also signals a value S (default 1) to indicate how many PDSCH sets should be reported at the time indicated by PDSCH-to-HARQ-timing-indicator. If S is larger than 1, then the latest S-1 PDSCH set(s) along with the HARQ-ACK feedbacks for the current PDSCH set. This would require e.g. 2 bits for S and 2 bits for S_ID with modulo operation.

	MediaTek
	For Alt1 with dynamic HARQ-A/N mode, the gNB requests/triggers HARQ-A/N feedback for a group of PDSCHs, where the group is not semi-statically configured
· Introduce group index (GI e.g. 2 bits) field in a DCI to associate PDSCH with a group or indicating which PDSCH group should be acknowledged in a requested/triggered HARQ-A/N feedback
· the values of GI in the DCIs scheduling the PDSCHs in a same group are kept constant, and alternated between different PDSCH groups
· A PDSCH group includes one or more PDSCHs whose corresponding HARQ-ACKs are pre-indicated to be reported in one or more HARQ-A/N codebooks
· The request/trigger (RQ e.g. 1 bit) is supported in a DCI scheduling PDSCH including PDSCH-to-HARQ-timing-indicator and PUCCH resource indicator, and also supported in a UL grant or in a DCI not carrying a scheduling grant
· Both C-DAI and T-DAI should be always accumulated for PDSCHs in a same group to determine a correct HARQ-ACK codebook whether group-based HARQ-ACK feedback is triggered or not

	Qualcomm
	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
Introduce mechanisms for UE to derive the following fields from the DCI. 
· Current ACK-Feedback-Group index (e.g. 2 bits if 4 HARQ feedback groups configured)
· 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) (e.g. 2 or 3 bits)
· A new Ack-Feedback Group Indicator (NGI) bit for each ACK-Feedback-Group that operates like the NDI bit for HARQ operation (e.g. 2 or 4 bits)
· 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 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.
Total: 9 or 6 additional bits (without counting changes to DAI) assuming 4 HARQ feedback groups.

	Ericsson
	Enlarge DAI field (to be able to count more missed DCIs)
Support the following enhancements for dynamic codebook HARQ: 
· If the gNB failed to receive the scheduled feedback, the gNB adds on the pending feedback of unacknowledged HARQ processes to the ongoing DAI value.  
· A DCI corresponding to the first PDSCH that is expected to be acknowledged in a PUCCH transmission, can include DAI value larger than the number of corresponding HARQ-ACK bits. The additional value corresponds to the acknowledgements of the previous HARQ processes.
· [bookmark: OLE_LINK12]Introduce a toggle bit (NFI) in a DCI to indicate whether the expected HARQ-ACK feedback(s) from the UE was correctly received by the gNB or not.
· Not toggled: the HARQ-ACK occasion(s) since the bit was last toggled was not received. The UE will automatically include the none received HARQ-ACK bits in the next reporting occasion
· Toggled: the HARQ-ACK occasion(s) since the bit was last toggled was received by the gNB

	Nokia
	gNB triggers the pending HARQ feedback from earlier COT(s) with the incremented DAI in the DL assignment on the following COT (in Alt 1a of TR38.889)

HARQ feedback mechanism (Alt1) should be able to trigger an additional transmission multiple times for a codebook.

In explicitly triggered HARQ feedback mechanism:
· HARQ feedback codebook (or HARQ feedback window) is assigned with a codebook ID in PDSCH scheduling DCI
· A separate field in PDSCH scheduling DCI can control HARQ feedback transmission for earlier COTs
· Total DAI can indicate a larger number of PDSCHs than scheduled up to the current PDCCH monitoring occasion. A minimum size for a reported codebook can be determined
· Codebook ID assignment to HARQ feedback codebooks can operate as a codebook counter DAI

The codebook ID in the PDSCH scheduling DCI is kept constant over the HARQ feedback window (or HARQ feedback codebook) and incremented between the HARQ feedback windows. With this, the codebook ID can be used as a group DAI ensuring correct feedback size even when a HARQ feedback window is missed. If the codebook ID operates as a counter DAI for codebooks, it can help to detect a missing HARQ feedback window/codebook and can maintain correct feedback if a minimum codebook size is defined. Two (a smaller and a larger) minimum codebook sizes can be predetermined, and a 1-bit flag in the DCI triggering the HARQ feedback indicates (based on PDSCH scheduling) which minimum codebook size will be assumed for the triggered HARQ feedback.

Nokia observed that dynamic codebook determination mechanisms relying on continuous accumulation of DAI cannot operate properly when HARQ-ACK for the last PDSCH of a COT is reported in the next COT.

	Intel
	Further study is needed whether increasing size of C-DAI/T-DAI is beneficial.
Implicit retransmission of HARQ-ACKs by UE is not supported.
Grouping PDSCHs:
· Option 1: A group is defined to include all PDSCHs whose HARQ-ACKs are INITIALLY transmitted on the same PUCCH. Both current group index and information on previous group(s) are needed to form HARQ-ACK CB.
· Option 1-1: current group index and number of groups are indicated in a DCI
· Option 1-2: current group index and one additional previous group index are indicated in a DCI
· Option 2: A group is defined to include all PDSCHs whose HARQ-ACK are transmitted or retransmitted on the same PUCCH. 1-bit HARQ-ACK reset indicator is used to form HARQ-ACK CB.

For dynamic HARQ codebook, introduce signalling in DCI according to option 2:
· Group index of PDSCHs
· 1-bit HARQ-ACK reset indicator: if it is not toggled, the UE has to transmit both old HARQ-ACKs and new HARQ-ACK in the new PUCCH resource.
· C-DAI/T-DAI counts all PDSCHs in a group if HARQ-ACK reset indicator is not toggled

	Samsung
	For Alt1a: new bit fields for HARQ-ACK codebook index and HARQ-ACK codebook set to report should be added in DCI, and C-DAI/T-DAI should be modified to count accumulative PDCCHs within the HARQ-ACK codebook set, if a UE is configured with dynamic codebook.
For dynamic codebook, avoid HARQ-ACK ambiguity when previous HARQ-ACK feedback appears in the middle of DL slot set associated with current HARQ-ACK codebook.
For preconfigured/pre-indicated multiple opportunities in time domain (Alt 5), one common HARQ-ACK codebook or always aggregated HARQ-ACK codebook within UL slot set for multiple opportunities in time domain can be considered to avoid HARQ-ACK codebook ambiguity.

	VIVO
	For Alt2: When reporting HARQ feedbacks in PUSCH with implicit request/trigger, 1 bit can be piggybacked to indicate the carried HARQ-ACK codebook type on PUSCH to avoid misunderstanding about the HARQ-ACK information between UE and gNB
For NR-U, besides semi-static and dynamic HARQ-ACK codebooks which are defined in Rel-15, HARQ-ACK codebook size based on the number of configured HARQ processes is also supported.
HARQ-ACK codebook based on the number of configured HARQ processes can be used when there is a need to combine multiple HARQ-ACK codebooks or HARQ-ACK feedbacks for multiple PDSCH groups, or there may be ambiguity between gNB and UE once legacy HARQ-ACK codebook would be used.

	[bookmark: OLE_LINK11]ZTE
	HARQ process ID or HARQ process ID group should be contained in the trigger earlier COT HARQ feedback DCI: one DCI or a DL grant/UL grant give which PDSCH HARQ process or process ID group HARQ-ACK is needed to feedback, and another DCI give the exact HARQ feedback timing or the time resource.

	OPPO
	When the value of the PDSCH-to-HARQ-timing-indicator in DL grant indicates the timing for HARQ-ACK feedback is determined later, the PUCCH-resource-indicator in the DL grant can be used to indicate PDSCH group or COT.
· PDSCH groups or COTs are explicitly indicated in the trigger signaling for HARQ-ACK transmission.
· HARQ codebook should be dynamically determined based on the trigger signaling.
· DAI is counted per PDSCH group

	Fujitsu
	To support cross-COT HARQ feedback, a window ID is used to indicate which group the scheduled PDSCH belongs to in terms of HARQ feedback timing. 
· HARQ feedback for PDSCHs in a same window is included in a same codebook by default. 
· HARQ feedback for PDSCHs from earlier COTs is triggered by explicit indication of the window in the DCI.
The window ID of the triggered feedback for earlier COT(s) and the window ID of the scheduled PDSCH need to be indicated explicitly in the DCI.
In addition to the DCI scheduling a PDSCH, a new UE-specific DCI not scheduling PDSCH nor PUSCH is defined for requesting HARQ feedback. The new DCI contains window ID, PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator.

	Lenovo, Motorola Mobility
	Alt 1 where the triggering DCI includes HARQ-ACK codebook index (HCI), where HCI is necessarily included in each DL grant.
From RAN1#96: the dynamic HARQ codebook is determined also using counter DAI and total DAI.

	Sony
	Indication of HARQ-ACK feedback triggering should be carried in DCI used for scheduling of PDSCH/PUSCH and DCI not used for scheduling of PDSCH/PUSCH, if introduced.
· For DCI used for scheduling of PDSCH/PUSCH, HARQ-ACK group level indication is supported.
· For DCI not used for scheduling of PDSCH/PUSCH, HARQ-ACK level indication could be supported per-HARQ process ID.

	Panasonic
	To avoid ambiguity on understanding of the number of triggered HARQ-ACK between gNB and UE, an indication of the number of HARQ-ACK like total DAI should be sent as a DCI to trigger additional HARQ-ACK in the later COT(s)
To group depending on that whether the PDSCH is scheduled within current COT or not (i.e. scheduled within previous COT) could be a reasonable option to determine PDSCH group.

	InterDigital
	Use HARQ-ACK codebook processes, where the UE maintains multiple HARQ codebooks on its buffer and associates an A/N of TB based on the gNB indication. Such HARQ codebook process can be requested for transmission by the gNB using a DCI that gives a PUCCH resource as well as HARQ timing indication. Dynamic HARQ codebook should be enhanced to support aggregation of multiple HARQ-ACK feedbacks in NR-U. Consider a UE buffering multiple HARQ-ACK codebook processes.

	NTT DOCOMO
	For dynamic PDSCH HARQ-ACK codebook in NR-U, following potential enhancements are further studied.
· Support of a larger DAI field to accommodate for possibly missing equal to or more than 4 PDSCH transmissions
· In case that DCI triggers/requests reporting of HARQ feedback for earlier COT(s), dynamic HARQ-ACK codebook determination without explicit HARQ process ID or ID group indication in the DCI
· Introducing toggle bit in DCI to indicate whether previous HARQ feedback was correctly received by gNB or not


	Spreadtrum
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]HARQ-ACK group based triggering should be supported and the group index should be contained in the triggering DCI at least for dynamic HARQ-ACK codebook. gNB can assign a group ID for each PDSCH and a triggering DCI can trigger the PDSCHs with the same group ID. NR-U dynamic HARQ-ACK codebook should be based on both DAI and HARQ-ACK group based triggering mechanisms.

	LG
	Proposal 4: Support HARQ-ACK mechanism/codebook based on the DCI triggering for NR-U operation based on the following approaches:
· Approach 1: A reference HARQ-ACK timing (on top of actual HARQ-ACK TX timing) is indicated by the triggering DCI then UE reports HARQ-ACK feedback for a bundling window corresponding to the reference HARQ-ACK timing (through actual HARQ-ACK TX timing).
· Approach 2: A slot group ID is indicated by the triggering DCI then UE reports HARQ-ACK feedback for the DL slots corresponding to the indicated slot group ID, and in this case, each DL grant DCI indicates the current slot group ID in which the scheduled DL slot belongs to.
· Approach 3: One of multiple sets of HARQ process IDs (which are preconfigured by RRC) is indicated by the triggering DCI then UE reports HARQ-ACK feedback corresponding to the indicated set of HARQ process IDs.
Proposal 5: Consider NFI (New Feedback Indicator) signalling via DCI (by toggling manner) to indicate for UE whether to keep or reset the previous HARQ-ACK state (e.g. ACK or NACK) for a given HARQ process ID, in order to avoid potential HARQ-ACK error (involved with PDSCH retransmission latency) between UE and gNB. 
Proposal 6: Support dynamic switching between “immediate” HARQ-ACK feedback type (e.g. Type-1/2 codebook based on bundling window/DAI signalling) and “trigger-based” HARQ-ACK feedback type (e.g. Type-3 codebook based on DCI triggering), with consideration of dynamic COT and channel access procedure operation in NR-U.

	CAICT
	Alt 1a is proposed for triggered HARQ-ACK feedback.
Group ID indication should be introduced and the number of bits for C-DAI and T-DAI could increase for dynamic codebook design in NR-U.



Observation from the contributions: for triggering additional HARQ feedback of earlier PDSCHs, just relying only on DAI is insufficient for resolving dynamic HARQ codebook ambiguities between gNB and UE for the case where HARQ feedback for those PDSCHs was already transmitted by the UE but not received by the gNB, because the UE would think that it has missed a number of DCIs scheduling PDSCH in the meantime.

Semi-static HARQ codebook

Summary of proposals on semi-static HARQ codebook enhancements:

	Intel
	Option 1: Codebook size is based on PDSCH-to-HARQ-ACK timings, while additional reserved bits are added to the codebook for PDSCHs without valid PDSCH-to-HARQ-ACK timings.
Option 2: Codebook size is based on a configured subset of HARQ processes.
For semi-static HARQ-ACK codebook based on HARQ processes, 1-bit HARQ-ACK reset indicator is included in DCI. 	If the reset indicator is toggled, NACK/DTX is reported for a HARQ process without a new PDSCH. Otherwise, the UE reports the actual HARQ-ACK for a HARQ process.

	Qualcomm
	[bookmark: OLE_LINK8][bookmark: OLE_LINK7]Introduce a new field in the DL grant that controls the max delay (i.e. extension of K1) considered in semi-static HARQ ACK codebook size determination, as well as a new field in the DL grant that indicates the carriers to consider for codebook size determination.

	VIVO
	For NR-U, besides semi-static and dynamic HARQ-ACK codebooks which are defined in Rel-15, HARQ-ACK codebook size based on the number of configured HARQ processes is also supported.
HARQ-ACK codebook based on the number of configured HARQ processes can be used when there is a need to combine multiple HARQ-ACK codebooks or HARQ-ACK feedbacks for multiple PDSCH groups, or there may be ambiguity between gNB and UE once legacy HARQ-ACK codebook would be used.

	Nokia
	All HARQ processes

	OPPO
	To support non-trigger-based HARQ (e.g., HARQ-ACK transmitted in a shared COT), Rel-15 semi-static HARQ codebook can be reused, and the semi-static HARQ codebook size can further be restricted to the size of the COT (without DAI field).
To support trigger-based HARQ-ACK transmission, the size of semi-static HARQ codebook should be determined based on the number of HARQ processes.

	Samsung
	For gNB triggered HARQ-ACK report, dynamic extension of K1 can be introduced to support HARQ-ACK retransmission, if a UE is configured with legacy semi-static codebook
Use semi-static HARQ codebook in case of preconfigured/pre-indicated multiple opportunities

	Lenovo, Motorola Mobility
	Both semi-static and dynamic HARQ-ACK codebooks are supported for NR-U.
Exclude the slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook, with reliable design of COT structure signaling or initial signal or wideband DMRS.

	Sharp
	A method of creating multiple HARQ-ACK feedback opportunities in time domain by enhancing the semi-static HARQ-ACK codebook should be supported, where a HARQ-ACK for a given PDSCH can be mapped to multiple codebooks which are reported at different timings.
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	Spreadtrum
	In case when the HARQ-ACK information is transmitted in a subsequent COT, current NR R15 semi-static HARQ-ACK codebook cannot work in this scenario and needs to be enhanced.
NR-U semi-static HARQ-ACK codebook consists of 2 sub-codebooks, the first sub-codebook contains the HARQ-ACK information of the PDSCHs in the former COT while the second sub-codebook contains the HARQ-ACK information of the PDSCHs in the current COT.
· For the first sub-codebook, the number of occasions for candidate PDSCH receptions or the number of slots for candidate PDSCH receptions can be configured by RRC signalling.
· The second sub-codebook is the NR R15 semi-static HARQ-ACK codebook.


	LG
	Option 1: HARQ-ACK codebook based on the configured K1 values (as in Rel-15) with adjustment of the max delay.
Option 2: HARQ-ACK codebook based on the configured HARQ processes.

	ZTE
	Both semi-static and dynamic HARQ-ACK codebook can be supported. A sliding window can be considered for UE to reduce the semi-static HARQ-ACK codebook size or alleviate the ambiguity problem of dynamic HARQ-ACK codebook.

	Huawei
	Semi-static HARQ-ACK codebook for all configured HARQ processes should be supported in NRU and no further enhancement is needed.

	MediaTek
	For Alt1 with semi-static HARQ-A/N mode, the gNB requests/triggers one-shot group HARQ-A/N feedback for all configured HARQ processes
· The request/trigger is carried in a UE-specific DCI carrying a PUSCH grant or a PDSCH assignment
· Share the same request/trigger signalling between triggering one-shot group HARQ-A/N feedback in semi-static mode and triggering dynamic group HARQ-A/N feedback in dynamic mode
· CBG-level HARQ-A/N feedback should be supported in one-shot group HARQ-A/N feedback
· FFS: compression scheme to reduce payload size due to CBG-level HARQ-A/N feedback

	Docomo
	For semi-static PDSCH HARQ-ACK codebook in NR-U, DCI triggering/requesting the reporting of HARQ feedback includes a toggle bitmap of the feedback reception acknowledgement for every HARQ process.

	Panasonic
	Only dynamic HARQ codebook size determination should be supported because semi-static HARQ codebook size determination can be very complicated or very inefficient as some of slots are unavailable by LBT.



The candidate enhancements for semi-static HARQ codebook are summarized below:
· Codebook size is based on all configured HARQ processes
· Codebook size is based on a configured subset of HARQ processes
· Codebook size is based on PDSCH-to-HARQ-ACK timings, while additional reserved bits are added to the codebook for PDSCHs without valid PDSCH-to-HARQ-ACK timings (Intel)
· Codebook size is based on HARQ processes, 1-bit HARQ-ACK reset indicator is included in DCI. If the reset indicator is toggled, NACK/DTX is reported for a HARQ process without a new PDSCH. Otherwise, the UE reports the actual HARQ-ACK for a HARQ process (Intel)
· Codebook size is based on PDSCH-to-HARQ-ACK timings, and a field in the DL grant can control the max delay (i.e. extension of K1) considered in semi-static HARQ ACK codebook size determination
· Codebook size is restricted to the size of the COT (with some signalling in DCI)
· One sub-codebook is the Rel-15 semi-static HARQ codebook, another sub-codebook is configured by RRC
· A HARQ-ACK for a PDSCH can be mapped to multiple codebooks which are reported at different timings
· Use semi-static HARQ codebook for preconfigured/pre-indicated multiple HARQ feedback opportunities
· DCI triggering/requesting the reporting of HARQ feedback includes a toggle bitmap of the feedback reception acknowledgement for every HARQ process

FL conclusion
· Continue discussion on the alternatives above


Scheduling enhancements

One agreement on scheduling was achieved at the RAN1 AH1901:
Agreement: Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.

PUSCH scheduling
A proposal related to handling the longest COT was made to extend the number of bits in the UL PUSCH time domain resource assignment field to allow scheduling PUSCH with the longest COT, especially to allow scheduling a PUSCH at the end of the longest COT where the scheduling PDCCH is received at the start of the COT:
· Increase the number of bits in the UL PUSCH time domain resource assignment field

Companies’ views on this proposal:
· Support: Qualcomm
· No support: NTT Docomo, Ericsson, Intel

ZTE proposed that multiple opportunities for PUSCH transmission can be configured to UE.

Multi-TTI PUSCH scheduling

TR38.889: 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, i.e., scheduling multiple TBs with different HARQ process IDs over multiple slots, using a single UL grant, is identified as beneficial and should be supported in NR-U. 

Agreement from RAN1#95: 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 from RAN1#96: Scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs
· Each TB is mapped to at most one slot or one mini-slot

A few companies proposed to additionally support scheduling multiple TTIs for PUSCH with common TBs:
· Repetitions of a TB over multiple TTIs using a single UL grant: Vivo
· Multiple PUSCHs with same TB across different slots: OPPO (30 kHz, 60 kHz SCS),Intel (as in Rel-15)
· CBG-based TB to avoid increase of number of HARQ processes needed for multi-TTI PUSCH: Qualcomm

Most companies mentioned that only time-contiguous transmissions of PUSCHs need to be supported when scheduling using a single UL grant. Two companies proposed to support non-time-contiguous allocations. Charter mentioned the possibility to combine the information from the multi-TTI UL grant and the COT structure information in a GC-PDCCH. Charter proposes that multi-TTI UL grants can indicate non-time-contiguous UL transmissions. Samsung observed that there is no clear gain of non-continuous multi-slot/mini-slot PUSCH.


For scheduling multiple consecutive PUSCHs with a single DCI with a different TB per PUSCH, further details were proposed by companies:
· Nokia and Qualcomm proposed that for multiple contiguous TTIs, Type B PUSCH mapping is needed at the beginning of transmission to support flexible PUSCH starting points within the first slot of the uplink transmission.
· Ericsson suggests to first focus on the maximum number of starting points, the maximum number of ending points, and fixed vs. floating HARQ process IDs over the scheduled multi-slot.
· ZTE proposed supporting single UL grants for scheduling PUSCHs with different TBs over multiple TTIs.
· Qualcomm proposed to support a compression schemes for the CBG indication in multi-TTI grant, e.g. to only support CBG based retransmission for a limited number of TBs, or to split the information into two smaller DCIs.
· Intel proposed to limit the number of DCI formats for UL grants in NR-U, e.g. option 1 (two DCI formats 0_1A and 0_1B which supports single-TTI scheduling and multi-TTI scheduling respectively) or option 2 (one new DCI format 0_1C which supports dynamic switching between single-TTI scheduling and multi-TTI scheduling).

There were various proposals for handling HARQ process IDs for multi-slot PUSCH scheduling with a single DCI:
· Spreadtrum: support discontinuous HARQ IDs for scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant
· InterDigital: the UE determines the HARQ Process ID(s) applicable to TB(s) transmitted part of a multi-TTI grant without requiring explicit indication of more than one HARQ process ID in the UL grant
· Nokia: A floating HARQ process block is introduced for multi-TTI PUSCH scheduling to support flexible starting points with acceptable number of HARQ processes
· ZTE:  at least the following information needs to be added to Rel-15 DCI to allow for multi-TTI PUSCH with a single DCI:
· Separate signaling of parameters specific to each slot/mini-slot (e.g. HARQ-related information such as NDI, RV, potentially HARQ process ID unless it is derived implicitly, CBGTI)


Alternatives for HARQ process numbering in the multi-PUSCH allocation by a single DCI:
· HARQ process number applies to the first PUSCH, then apply a rule for subsequent HARQ processes 
· Supported by: Qualcomm, Huawei, HiSilicon, Intel, InterDigital, ZTE
· A floating HARQ process block
· Supported by: Nokia
· Discontinuous HARQ IDs
· Supported by: Spreadtrum
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Figure 1 (Nokia R1-1904183). Operation of floating HARQ block in multi-TTI scheduling

Proposed agreement:
· A single DCI scheduling a continuous sequence of PUSCHs with different TBs can signal:
· Part 1 (if any, starting after slot boundary): one or multiple mini-slots until next slot boundary
· Part 2 (if any): one or multiple consecutive full slots
· FFS: Part 3 (if any) with one or multiple consecutive mini-slots (ending before next slot)
· Note: Part 1, Part 2 and Part 3 must come in that order even if some part is missing.
· For HARQ process mapping to the multiple PUSCHs scheduled by a single DCI
· HARQ process ID signalled in DCI applies to the first PUSCH, then increment by 1 for subsequent PUSCHs

MediaTek commented that if multiple starting positions can be allowed within a PUSCH transmission (i.e., transmission not restricted at slot boundary), scheduling multiple mini-slots using a single UL grant is not needed.

Contributions identified that at least the following information needs to be added to Rel-15 DCI to allow for multi-TTI PUSCH with a single DCI:
· Number of slots and mini-slots and their sequence and lengths
· Separate signaling of parameters specific to each slot/mini-slot (e.g. HARQ-related information such as NDI, RV, potentially HARQ process ID unless it is derived implicitly, CBGTI)

In LTE-LAA, information specific to each subframe is limited to NDI and RV (from only two candidates). 
Summary of current NRU UL DCI design proposals for multi-TTI PUSCH scheduling:

	
	Common to multiple PUSCHs
	Per PUSCH or per slot/mini-slot

	Identifier for DCI formats
	As in Rel-15
	

	Carrier indicator
	As in Rel-15
	

	Bandwidth part indicator
	As in Rel-15
	

	Frequency domain resource assignment
	As in Rel-15
	Sharp: could be PUSCH-specific or PUSCH-common

	Frequency hopping flag
	As in Rel-15
	

	Modulation and coding scheme
	As in Rel-15
	

	TPC command for scheduled PUSCH
	As in Rel-15
	

	Precoding information and number of layers
	As in Rel-15
	

	Antenna ports
	As in Rel-15
	

	PTRS-DMRS association
	As in Rel-15
	

	beta_offset indicator
	As in Rel-15
	

	DMRS sequence initialization
	As in Rel-15
	

	UL-SCH indicator
	As in Rel-15
	

	SRS resource indicator
	As in Rel-15
	Samsung: for a single slot

	SRS request
	As in Rel-15
	Samsung: for a single slot
Docomo: mini-slot/slot-specific

	CSI request
	As in Rel-15
	Samsung: for a single slot

	1st downlink assignment index
	As in Rel-15
	

	2nd downlink assignment index
	As in Rel-15
	

	LBT related parameters such as the LBT type and priority class
	Common (Intel)
	

	Time domain resource assignment, including
· start symbol for first PUSCH in first slot
· last symbol for last PUSCH in last slot
· number of slots/mini-slots/PUSCHs
	Qualcomm, Huawei, Samsung, Sharp, ZTE

Qualcomm, ZTE: signal the number of TTIs and the number of allowed mini/full slots

Lenovo: indicate one of RRC configured time domain resource allocation patterns

	New data indicator (NDI)
	
	Qualcomm (for a limited number of process IDs, RRC-configured)

Huawei, Intel, Samsung, Lenovo, Docomo, Sharp, Panasonic, ZTE

	Redundancy version (RV)
	
	Qualcomm (for a limited number of process IDs)

Huawei, Intel, Samsung, Lenovo, Docomo (not limited to two candidates), Sharp, ZTE

	HARQ process number (HARQ ID)
	E.g. starting HARQ process number with HARQ ID, subsequent PUSCHs incrementing by 1

Qualcomm, Huawei, Samsung, Intel, Docomo, Sharp, Panasonic, LG, ZTE

	CBG transmission information (CBGTI)
	
	Qualcomm (for a limited number of process IDs)

Samsung, Lenovo, Panasonic, ZTE




Number of DCI formats:
· Option 1: Define two DCI formats 0_1A and 0_1B which supports single-TTI scheduling and multi-TTI scheduling respectively. 
· Option 2: Define one new DCI format 0_1C which supports dynamic switching between single-TTI scheduling and multi-TTI scheduling. 

Definition of fallback DCI (0_0) for multi-TTI scheduling
· Not necessary: Intel, ZTE
· Supported: Huawei, HiSilicon, Vivo

2-stage UL grant

2-stage UL grant is supported in LTE eLAA. Several companies proposed defining a 2-stage UL grant for NR-U, to allow a UE to be ready to transmit the PUSCH right after receiving the second grant.

Proposal from contributions:
· 2-stage UL grant is supported for NR-U

Supported by: Qualcomm, Nokia, Nokia Shanghai Bell, Fujitsu, ZTE
Not supported by: Charter, NTT Docomo

Note that proposals on 2-stage UL grant are also provided in other agenda items, such as for the transmission of msg3.

Pre-configured UL transmission

Nokia proposes that in self-contained COT operation, DL assignment can trigger a pre-configured UL transmission (short PUSCH, CSI report, or SRS) preceding the HARQ ACK transmission associated to the DL assignment.
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Figure 2 (R1-1904183 Nokia). HARQ feedback in self-contained COT with UL transmission filling the PDSCH processing time gap.


CA enhancements for HARQ and scheduling
Cross-carrier scheduling for PUSCH
Nokia observed that for NR CA, the licensed band scheduling carrier may use lower subcarrier spacing than the unlicensed band scheduled carrier, and proposed that support for this type of cross-carrier scheduling should be allowed for NR-U, once the solution is defined in the Rel-16 CA/DC enhancements work item. The proposal is to come back to this proposal once progress has been made in the CA/DC enhancements work item. Nokia also proposes that such cross-carrier cross-numerology scheduling supports multi-slot PUSCH scheduling with a single UL grant.

Possible conclusion:
· Cross-carrier scheduling for NR-U PUSCH from a licensed band NR carrier with the same or smaller subcarrier spacing is beneficial for NR-U in the case of Scenario A (CA with NR cells) deployment, including for the case of multi-slot PUSCH scheduling with a single UL grant.
· Details to be further discussed in coordination with the Rel-16 work item on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements

Ericsson proposes to support UL/DL scheduling combinations:
· Self-scheduling for DL
· Self- and/or cross-carrier scheduling for UL
· FFS: How to manage the number of blind decodes at the UE side.

PUCCH carrier on unlicensed band only
Docomo proposes that in case of CA between licensed NR PCell and unlicensed NR SCell, UCI regarding licensed NR carrier(s) is always sent on licensed NR carrier.
Docomo proposes that for PUSCH transmission on unlicensed NR SCell in the scenario, simultaneous transmission with PUCCH on licensed NR PCell is necessary.
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Appendix: Cases for multiple opportunities for HARQ-ACK transmission

R1-1904337 HARQ and scheduling enhancements for NR-U, Ericsson
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[bookmark: _Ref4787154]Figure 1 (Ericsson): mis-alignment between gNB and UE due to missed PDSCH(s)

Figure 2 shows how the problem in Figure 1 can be resolved by the introduction of NFI field in DCI. 
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[bookmark: _Ref4787171]Figure 2 (Ericsson): NFI resolved gNB and UE misalignment in case of missed PDSCH
Figure 3 are an example to highlight how the introduction of NFI bit helps the UE distinguish mis-detected PUCCH and mis-detected PDSCH so that the correct feedback is reported. 
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[bookmark: _Ref4787202]Figure 3 (Ericsson): NFI in case of PUCCH and/or PDSCH misdetection





R1-1905648 HARQ enhancement in NR unlicensed, Huawei, HiSilicon
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 (a)  Scheme a: Triggered HARQ-ACK feedback with PDSCH set number and set ID
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(b) Scheme b: Triggered HARQ-ACK feedback with PDSCH set level bitmap and set ID 
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(c) Scheme c: Triggered HARQ-ACK feedback with toggled bit
[bookmark: _Ref876937]Figure 1 (R1-1905648 Huawei). Potential solutions for Alt 1a.


R1-1904287 Enhancements to HARQ for NR-unlicensed, Intel Corporation

Option 1: A group is defined to include all PDSCHs whose HARQ-ACKs are INITIALLY transmitted on the same PUCCH. Both current group index and information on previous group(s) are needed to form HARQ-ACK CB.

Figure 3 (Intel): ‘group’ defined as all PDSCHs who’s HARQ-ACK are initially transmitted on the same PUCCH


Figure 5 (Intel ): Analysis on Option 1


Figure 6 (Intel): Error case analysis on Option 1-2


Option 2: A group is defined to include all PDSCHs whose HARQ-ACK are transmitted or retransmitted on the same PUCCH. 1-bit HARQ-ACK reset indicator is used to form HARQ-ACK CB. If HARQ-ACK reset indicator is not toggled, the UE has to transmit both old HARQ-ACKs and new HARQ-ACK in the new PUCCH resource. 


Figure 4 (Intel): ‘group’ defined as all PDSCHs who’s HARQ-ACK are (re)transmitted on the same PUCCH


Figure 7 (Intel): Multiple-group operation of Option 2 (compare to Figure 5)


R1-1904183 HARQ scheduling and feedback for NR-U, Nokia, Nokia Shanghai Bell

[image: ]
a)
[image: ]
b)
[image: ]c)
[bookmark: OLE_LINK18]Figure 4 (R1-1904183 Nokia). Considered scheduling examples. Colours indicate PDSCH sets and original HARQ feedback timing based on the PDSCH-to-HARQ-timing-indicators. 


[image: ]
Figure 5 (R1-1904183 Nokia). Baseline operation for additional HARQ feedback reporting with codebook ID noted as CB-ID, total DAI as T-DAI, and counter DAI as C-DAI.  
[image: ]
Figure 6 (R1-1904183 Nokia). HARQ feedback reporting in the case that UL LBT prevents PUCCH transmission multiple times.
[image: ]
Figure 7 (R1-1904183 Nokia). HARQ feedback reporting when UE misses a HARQ feedback window of 2 PDSCHs.
a) [image: ]
b)[image: ]
Figure 8 (R1-1904183 Nokia). HARQ feedback reporting when UE misses PDCCHs at the end of codebook, a) with Rel-15 total DAI b) with predictive total DAI

R1-1904484 Enhancements to HARQ for NR-U operation, MediaTek Inc.


[bookmark: OLE_LINK22]Figure 1 (R1-1904484 MediaTek). Example of triggering a HARQ-ACK feedback based on dynamic PDSCH grouping where each PDSCH group corresponds to only one codebook


[bookmark: OLE_LINK25][bookmark: OLE_LINK24]Figure 2 (R1-1904484 MediaTek). Example of triggering a HARQ-ACK feedback based on dynamic PDSCH grouping where each PDSCH group corresponds to one or multiple codebooks

  Figure 5 (R1-1904484 MediaTek). Example of accumulating both C-DAI and T-DAI for PDSCHs in a same PDSCH group


  Figure 6 (R1-1904484 MediaTek). C-DAI/T-DAI is accumulated only when the gNB triggers group-based HARQ-ACK feedback


  Figure 8 (R1-1904484 MediaTek). C-DAI/T-DAI is always accumulated whether the group-based HARQ-ACK feedback is triggered or not (a) group-based HARQ-ACK feedback for PDSCH group #1 is triggered (b) group-based HARQ-ACK feedback for PDSCH group #1 is NOT triggered



[bookmark: OLE_LINK32]R1-1904408 HARQ enhancement for NR-U, Samsung


Figure 2


Figure 3 (R1-1904408 Samsung)

 Figure 4 (a)

Figure 4 (b)

Figure 4 (c)

 Figure 4 (d)

R1-1904589 Scheduling/HARQ enhancements for NR-U, Fujitsu
[image: ]
Fig. 1 (R1-1904589  Fujitsu) HARQ Feedback for PDSCH from earlier COT(s)
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