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Introduction
This paper summarizes proposals on HARQ enhancement for NR-U submitted at the RAN1#98 meeting. 
· The aspects on HARQ feedback mechanism are discussed in Section 2
· The aspects on scheduling are discussed in Section 3
· The aspects related to enhancements for CA are discussed in Section 4.
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.
In addition, guidance was provided by RAN#84 on essential components of NR-U HARQ enhancements that need to be completed in Rel-16 [RP-191581]:
Essential
· Details for group based HARQ ACK retransmission for dynamic codebook
· Details for DCI support for multi-TTI grant
· One-shot HARQ ACK retransmission
· Details to handle non-numerical value for K1
Optimizations
· Group based HARQ ACK retransmission for semi-static codebook
· Larger K1 values
· Multiple freq domain opportunities for HARQ ACK in UL CA case and/or wideband CC case
· Larger K2 values
· 2-stage UL grant

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. 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
2 HARQ A/N feedback enhancements
Agreements made in the study phase are captured in TR38.889.

Agreement (RAN1 AH1901)
· 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)

Agreement (RAN1#96bis)
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.

Agreement (RAN1#96bis)
Restrict further discussion on HARQ codebook to the following:
· For 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
· 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 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: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one 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 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
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (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
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion

The agreement above mean that there will be no further discussion based on the alternatives from TR38.889, instead the options above are used as baseline for further discussion. This also means Alt2 and Alt4 from TR38.889 HARQ enhancements are now out of the scope of NR-U for Rel-16, while Alt3 requires no further discussion to be supported.

Agreement (RAN1#97)
For operation with dynamic HARQ codebook (type-2 codebook):
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· For any PDSCH scheduled with numerical or non-numerical value of K1
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH 
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH
· C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
· T-DAI is included only for the scheduled group
· T-DAI is included for each group
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH)
· A UE can signal support of this feature as part of capability signaling


PDSCH-to-HARQ-timing-indicator
Aspects specifically related to handling of non-numerical K1 value are further discussed in section 2.1.5.

Companies’ views at RAN1#98:

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 (RAN1#97), Ericsson, Spreadtrum, ZTE, sanechips, Intel, Fujitsu, MediaTek, LG, Lenovo, Motorola Mobility
· Larger than 15 by reusing PRI field to indicate timing: Qualcomm (when PDSCH-to-HARQ-timing-indicator indicates a reserved value)

Proposed conclusion:
· In Rel-16 the PDSCH-to-HARQ-timing-indicator field cannot indicate larger values of K1 compared to Rel-15.

Companies’ views at RAN1#98 are summarized below:

	Companies
	Views

	ZTE, sanechips
	Proposal 5: For Rel-16 NR-U, extending the maximum value of dl-DataToUL-ACK from 15 is not supported for HARQ-ACK transmission for corresponding data in the same shared COT, and the size of PDSCH-to-HARQ feedback timing indicator field is the same as in Rel-15

	Huawei, HiSilicon
	

	vivo
	

	NTT DoCoMo
	

	Panasonic
	

	Lenovo, Motorola Mobility
	

	Spreadtrum
	Proposal 1: The non-numerical value of PDSCH-to-HARQ-timing-indicator can be used to dynamically extend the set of K1 for self-COT HARQ-ACK feedback. No need to extend the largest value of dl-DataToUL-ACK defined in Rel-15.

	NEC
	

	Fujitsu
	Proposal 4: The number of bits for PDSCH-to-HARQ-timing-indicator field can be configured as 4 for NR-U. dl-DataToUL-ACK field can be extended to 4 bits to directly cover all of 15 values in DCI.

	OPPO
	

	MediaTek
	

	Nokia, Nokia Shanghai Bell
	

	LGE
	

	InterDigital
	

	Intel
	Proposal 2: No larger value of K1 is introduced and keep 3-bit field for PDSCH-to-HARQ-timing-indicator in DCI.
Proposal 3: The non-numerical value of K1 is to indicate to the UE that the timing and resource for the HARQ-ACK feedback for the corresponding PDSCH is provided by another DCI.
· The DCI with non-numerical value of K1 can be either later or earlier than the other DCI with numerical value of K1
Proposal 4: UE attempts reporting of the HARQ-ACK at the indicated time if it is outside of the COT. If the COT is again acquired by the gNB, UE may also transmit the HARQ-ACK if the COT is shared by the gNB.

	Sony
	

	Samsung
	

	Apple
	

	CAICT
	

	Sharp
	

	Qualcomm
	Proposal 13: The timing for HARQ-Ack transmission of a PDSCH scheduled by a first DCI with non-numeric K1 value is determined based on the earliest detected DCI (after the first DCI) scheduling another PDSCH with a numeric K1 value if the PRI values of the two DCIs are the same.
Proposal 14: When a PDSCH for a given HARQ process ID is scheduled with non-numeric K1 value, a second PDSCH with the same HARQ process ID can be received if the DCI requesting/triggering feedback is not detected by the end of a fixed duration.
Proposal 15: Allow for indication of extended HARQ-Ack feedback delay values through PRI field when a reserved value is indicated by PDSCH-to-HARQ-timing-indicator field. The PUCCH resource will be provided by a later DL grant pointing to the same HARQ-Ack transmission time.

	ITRI
	PDSCH group index and the non-numerical/numerical K1 values can be used for solving the potential issue that existing K1 value cannot be satisfied if SCS is larger than 15kHz.

	Ericsson
	[bookmark: _Toc1133775][bookmark: _Toc16916379][bookmark: _Toc16918857]No need to support RRC parameter dl-DataToUL-ACK value larger than Rel-15 NR





[bookmark: _Ref5705214]Dynamic HARQ codebook operation (type-2 codebook)

Agreement (RAN1#97)
For operation with dynamic HARQ codebook (type-2 codebook):
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· For any PDSCH scheduled with numerical or non-numerical value of K1
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH 
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH
· C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
· T-DAI is included only for the scheduled group
· T-DAI is included for each group
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH)
· A UE can signal support of this feature as part of capability signaling

Summary of companies’ views on T-DAI and number of PDSCH groups.
Options for T-DAI signaling: 
· T-DAI is included only for the scheduled group (14)
· Supported by: Ericsson, Huawei, HiSilicon, ZTE, Sanechips, NTT Docomo, Lenovo, Motorola Mobility, MediaTek, Nokia, Nokia Shanghai Bell, Intel, Samsung, Sharp
· T-DAI is included for each group (8)
· Supported by: Qualcomm, LGE, Panasonic, Spreadtrum, NEC, Fujitsu (configurable), InterDigital, Apple

Number of PDSCH groups:
· 1: Ericsson (configurable)
· 2: Ericsson (configurable), Qualcomm, Huawei, HiSilicon, ZTE, Sanechips, NTT Docomo, MediaTek, Nokia, Nokia Shanghai Bell, LGE, CAICT, ITRI, Sharp
· 4:  Spreadtrum, Fujitsu, OPPO, Intel

Proposed offline agreement
For enhanced dynamic HARQ-ACK codebook:
· Confirm that the maximum number of PDSCH groups is 2 for operation with enhanced dynamic HARQ codebook (type-2 codebook)
· The maximum number of groups for which feedback can be requested in the same PUCCH is 2.

Proposed offline agreement
· When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a capable UE is expected to handle 2 PDSCH groups, and all related fields are present in the DL DCI.
· The number of PDSCH groups that the UE is expected to handle is not RRC configurable
· T-DAI is included only for the scheduled group

Proposed offline agreement
For enhanced dynamic HARQ-ACK codebook:
· When more than one PDSCH group exists in a HARQ-ACK reporting feedback, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index.

[MediaTek] FFS: definition of the first PDSCH group and the second PDSCH group

For discussion
Possible states of the Request indicator field(s), assuming maximum 2 PDSCH groups reported in one PUCCH:
· Only for the scheduled group: allowed
· Both for the scheduled group and the non-scheduled group: allowed
· Only for the non-scheduled group: allowed or not allowed?
· Not allowed: MediaTek

[MediaTek] In this proposal, do we assume the DCI requesting one or two PDSCH groups in one PUCCH carries a DL assignment? I think the answer is yes since we have to differentiate “scheduled” group and “non-scheduled” group according to the scheduling DCI. If the requesting DCI is transmitted for other purpose (e.g., UL grant), we don't have to differentiate them. Then, the PUCCH provided by the requesting DCI should always be a HARQ-ACK opportunity for corresponding PDSCH and other PDSCHs belonging to the scheduled group. It makes no sense to transmit only the non-scheduled group on a PUCCH provided by a DCI scheduling a PDSCH belonging to the scheduled group. If we do so, the HARQ-ACKs of the scheduled group will be pended. Why?

Proposed offline agreement
For enhanced dynamic HARQ-ACK codebook:
· A DL DCI [scheduling a PDSCH] cannot request feedback only for the non-scheduled PDSCH group

For discussion
· Support enhanced dynamic codebook with PDSCH groups in fallback DCI?
· Supported by Intel, Samsung, MediaTek

For further discussion until RAN1#99: details of DCI fields according to agreements on dynamic codebook, for DL DCI and UL DCI.

Companies’ views at RAN1#98 are summarized below:

	Companies
	Views

	ZTE, sanechips
	Proposal 1: It is recommended that T-DAI is included in the DCI only for the scheduled PDSCH group.
Proposal 2: The maximum number of PDSCH groups and the maximum number of groups for which feedback is requested in the same PUCCH should be 2.
Proposal 4: The timing for the HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted PDSCH that belongs to the same group, wherein, PDSCH-to-HARQ-timing-indicator for first subsequently transmitted PDSCH should not be non-numerical.

	Huawei, HiSilicon
	Proposal 1: For group based dynamic HARQ-ACK codebook, option 1(T-DAI is included only for the scheduled group) should be supported.

	vivo
	Proposal 1: For dynamic HARQ codebook to request HARQ-ACK feedbacks for more than one PDSCH group, current group index and a group level bitmap are indicated in a downlink scheduling DCI.

	NTT DoCoMo
	Proposal 1: For group based HARQ ACK retransmission for dynamic HARQ codebook, even when the DCI does not schedule PDSCH for the PDSCH group, T-DAI of the PDSCH group is included in the DCI if the DCI triggers HARQ feedback for the PDSCH group.
Proposal 2: For group based HARQ ACK retransmission for dynamic HARQ codebook, maximum number of PDSCH groups is two, and maximum number of groups for which feedback is requested in the same PUCCH is two.

	Panasonic
	Proposal 1: Dynamic HARQ codebook size determination only should be supported. 
Proposal 2: To avoid ambiguity on understanding of the number of triggered HARQ-ACK between gNB and UE, an indication of the number of HARQ-ACK (e.g. total DAI) for each PDSCH group should be sent as a DCI to trigger additional HARQ-ACK in the later COT(s).
Proposal 3: To trigger additional HARQ-ACK feedback opportunities by DCI not scheduling PDSCH/PUSCH should be supported.

	Lenovo, Motorola Mobility
	Proposal 1: For dynamic HARQ-ACK codebook, T-DAI is only included in DCI for scheduled group.

	Spreadtrum
	Proposal 2: For dynamic HARQ-ACK codebook, T-DAI is included in the DCI for each group. Maximum number of groups should be 4. Maximum number of groups for which feedback is requested in the same PUCCH is 2. For each requested group, the group index should be contained in the DCI.

	NEC
	Proposal 1: As more PDSCH groups in the same PUCCH are supported which implies more C-DAI/T-DAI in one dynamic HARQ codebook, how to generate dynamic HARQ codebook regarding more C-DAI/T-DAI should be studied.
Observation 1: T-DAI can assist for miss detection of last PDCCH within a group, however there is no T-DAI for single cell.
Observation 2: RM encoder cannot distinguish the miss of the last PDCCH or the NACK of the last PDSCH, i.e. the encoder bits are the same between UE miss detected the last PDCCH and the incorrect decoding of the last PDSCH. Hence, for Rel-15 NR, miss detection of the last PDCCH for single cell is not serious due to the nature of RM encoder.
Observation 3: Shifted HARQ-ACK bits may happen when more PDSCH groups in the same PUCCH with single cell operation.
Proposal 2: Avoidance of shifted HARQ-ACK bits when generating dynamic HARQ codebook should be studied.
Proposal 3: For more PDSCH groups in one PUCCH meanwhile PUSCH is transmitted for HARQ-ACK feedback, more DAI field in uplink grant corresponding to each PDSCH group can be adopted.

	Fujitsu
	Proposal 1: T-DAI for the group other than the scheduled group can be included in the DCI by RRC configuration.
Observation 1: Increasing the number of PDSCH groups from 2 to 4 can not only provide more flexibility and agility for gNB scheduling but also help to mitigate the problem of consecutive miss detection of PDCCHs.
Proposal 2: Maximum number of the PDSCH groups for dynamic HARQ codebook is 4.

	OPPO
	Proposal 2: Up to 4 PDSCH groups should be supported.
· The maximum number of PDSCHs in one PDSCH group is constant.
· T-DAI is not needed.

	MediaTek
	Proposals 1, 2, and 3: Group-based HARQ-ACK feedback for operation with dynamic HARQ-ACK codebook:
· Maximum # of PDSCH groups: 2 (1 bit for group index)
· Maximum # of PDSCH groups for which HARQ-ACK feedbacks can be requested in the same PUCCH: 2
· A request bit is indicated in a DCI scheduling a PDSCH belonging to a scheduled  PDSCH group:
· Set to “0”: only the HARQ-ACK feedback of the scheduled PDSCH group is requested in the PUCCH provided by the DCI.
· Set to “1”: the HARQ-ACK feedbacks for both PDSCH groups having different GI values are requested in the PUCCH provided by the DCI.
· If more than one PDSCH groups are requested to be acknowledged in the same PUCCH, UE concatenates the multiple codebooks individually generated for the multiple PDSCH groups by increasing/decreasing order of corresponding group index values.
· T-DAI is included in a scheduling DCI only for the scheduled PDSCH group
· New ACK-Feedback Group Indicator is indicated in a scheduling DCI only for the scheduled PDSCH group
· If a non-scheduled PDSCH group (a PDSCH group having the other GI value) is requested to be acknowledged in the same PUCCH, UE should always transmit HARQ-ACK feedback for the “newest” non-scheduled PDSCH group in the PUCCH.

	Nokia, Nokia Shanghai Bell
	Proposal 5: T-DAI is included only for the scheduled group
Proposal 6: Maximum number of PDSCH groups is 2

	LGE
	Proposal #7: Support the following Type-2 HARQ-ACK codebook for NR-U
· DCI indicates a requested slot (PDSCH) group ID (on top of indicating the current slot (PDSCH) group ID in which the scheduled slot (PDSCH) belongs to) then UE reports HARQ-ACK feedback for the slots (PDSCHs) corresponding to the requested group ID (in addition to slots (PDSCHs) corresponding to the current group ID). 
· Note: This Type-2 codebook is already agreed to introduce for NR-U.
Proposal #8: 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 #9: Consider the following HARQ-ACK related information to be signalled in DL/UL grant DCI for the agreed dynamic HARQ-ACK codebook.
· DL grant DCI indication
·   Current slot (PDSCH) group ID (e.g. 1-bit)
·   Counter-DAI for the current group ID (e.g. 2-bit)
·   Total-DAI for the current group ID (e.g. 2-bit)
·   NFI for the current group ID (e.g. 1-bit)
·   Addition slot (PDSCH) group ID (e.g. 1-bit)
·   Total-DAI for the additional group ID (e.g. 2-bit)
·   NFI for the current group ID (e.g. 1-bit)
·   FFS
· Switching with Type-3 codebook (e.g. 1-bit)
· UL grant DCI indication
·   Total-DAI for the first slot (PDSCH) group ID (e.g. 2-bit)
·   Total-DAI for the second slot (PDSCH) group ID (e.g. 2-bit)
·   FFS
· Current group ID (e.g. 1-bit)
· Additional group ID (e.g. 1-bit)
· NFI for the first group ID (e.g. 1-bit)
· NFI for the second group ID (e.g. 1-bit)
· Switching with Type-3 codebook (e.g. 1-bit)


	InterDigital
	Proposal 1: For PDSCH grouping, T-DAI is included for each PDSCH group in the DCI.

	Intel
	Proposal 5: Maximum 4 PDSCH groups are supported for dynamic HARQ-ACK codebook in NR-U. 
Proposal 6: T-DAI is only indicated for the current PDSCH group for dynamic HARQ-ACK codebook in NR-U. 
Proposal 7: Reduced information controlling dynamic HARQ-ACK transmission are included in fallback DCI 1_0,
· For DCI 1_1: 2 bits for current group index, 3 bits for the other group indication with full flexibility and 4 bits for NFI (9 bits in Total)
· For DCI 1_0: 2 bits for current group index, 0 bit for the other group indication and 1 bit for NFI (3 bits in Total)
Proposal 8: Keep existing size, i.e. 2 bits for C-DAI/T-DAI.

	Sony
	

	Samsung
	Proposal 1: T-DAI is included only for the scheduled group. 
Proposal 2: Only C-DAI is included in fallback DCI, or C-DAI and one bit ACK-Feedback group indicator is included in fallback DCI. The PDSCH scheduled by fallback DCI belongs to the default PDSCH group and only this PDSCH group can be triggered for HARQ-ACK feedback. 
Proposal 3: PDSCH group index is utilized as one MSB bit of C-DAI. Within the same group, C-DAI values are accumulated regardless of the previous HARQ-ACK transmission results.

	Apple
	Proposal 4: T-DAI is included for each PDSCH group to address the misalignment problem of HARQ-ACK codebook.

	CAICT
	Proposal 1：For operation with dynamic HARQ codebook, the maximum number of PDSCH groups should be 2.

	Sharp
	Observation 1: The RPG field in DCI formats with the non-numerical K1 value can be ignored by the UE.
Observation 2: Within a PDSCH group, the C-DAI can be continuously incremented if the gNB has not detected HARQ-ACK information for the previous PDSCHs in the PDSCH group.
Proposal 1: When the gNB detected HARQ-ACK information corresponding to a scheduled PDSCH group, with respect to the setting at the gNB and handling at the UE of NFI and C-DAI for the PDSCH corresponding to the non-numerical K1 value, we propose the follows:
· The gNB toggles the NFI bit and continuously increments the C-DAI.
· At the UE end, if the received NFI is toggled compared to the most recent NFI for the PDSCH corresponding to the non-numerical K1 value, the UE shall set the C-DAI for the PDSCH to the default value (e.g., 1).
A single T-DAI indicating the total size of both groups

	Qualcomm
	Proposal 2: The maximum number of PDSCH groups is 2.
Proposal 3: The following DCI fields in DCI format 1_1 related to group-based dynamic HARQ-Ack feedback should be added:
· Group index (1 bit).
· New ACK-Feedback Group Indicator for the group indicated by G in the DCI (1 bit). 
· Request field for the other group (1 bit).
· New ACK-Feedback Group Indicator for the other group (1 bit). 
· T-DAI for the other group (2 bits).
Proposal 4: DAI for a PDSCH group should not be reset within a given HARQ-Ack opportunity. Whether the DAI is reset or not compared to the previous HARQ-Ack opportunity is determined by the value of the NFI for the PDSCH group in the latest DCI corresponding to the current HARQ-Ack opportunity.
Proposal 5: Whether the feedback for the other group is included or not is determined by the value of the request field in the latest DCI corresponding to the current HARQ-Ack opportunity.
Proposal 6: When more than one PDSCH group exists in a HARQ-Ack reporting feedback, the feedback for the second PDSCH group is appended to the feedback for the first PDSCH group.
Proposal 7: When UE is configured with group-based dynamic HARQ-Ack feedback and a DCI format 1_0 is detected:
· If all the DCIs in a given HARQ-Ack opportunity have format 1_0, regular dynamic codebook (Rel. 15) is used.
· Otherwise, the PDSCH group scheduled by the DCI format 1_0 is assumed to be the first PDSCH group, NFI of the first PDSCH group is not changed by the DCI, and the DCI does not request feedback for the other PDSCH group.

	ITRI
	Proposal: The maximum PDSCH group is 2

	Ericsson
	Proposal 1: DCIs for scheduling PDSCH should support larger DAI field as compared to Rel-15 NR DCI 
[bookmark: _Toc16916380][bookmark: _Toc16918858]Proposal 3: DCI carries T-DAI only for the scheduled group
Proposal 4: The number of groups is RRC configured to either 1 or 2 groups
a. If only one group is configured, DCI includes: 
i. New ACK-Feedback Group Indicator: 1 bit 
b. If two groups are configured, DCI includes: 
i. Group index: 1 bit (0 indicates Group 1, 1 indicates Group 2)
ii. New ACK-Feedback Group Indicator: 2 bits each corresponding to a group. 
iii. Request indicator: 1 bit (0 indicates only scheduled group, 1 indicates both groups.)




Semi-static HARQ codebook operation (type-1 codebook)

Aspects specifically related to handling of non-numerical K1 value with semi-static codebook are further discussed in section 2.1.5.

Summary of companies views on semi-static codebook enhancements:
· No semi-static codebook enhancements (other than introducing one-shot group HARQ-ACK feedback)
· (10) NTT Docomo, Ericsson, Vivo, Mediatek, Sony, Huawei, HiSilicon, Vivo, MediaTek, Sony
· Semi-static codebook enhancements (11)
· With a sliding window
· ZTE
· Indicate a bundling window via DCI
· LGE
· With dynamic extension of K1 with a new field in DCI that controls the max delay
· Samsung, Qualcomm
· Exclude those slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook
· Lenovo, Motorola Mobility
· 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.
· Spreadtrum
· Additional bit or bits are reserved and appended to the semi-static codebook for the postponed HARQ A/N(s) of the PDSCH(s) scheduled with non-numerical K1
· Nokia, Nokia Shanghai Bell, Intel 
· Include a bit corresponding to the PDSCH of which HARQ-ACK information is stored, the bit carries the actual HARQ-ACK information for the PDSCH instead of filling with “NACK”
· Sharp
· HARQ-ACK for PDSCH scheduled with non-numerical K1 value is reported in a PUCCH/PUSCH if the PDSCH is within candidate PDSCH occasions, or HARQ-ACK for this PDSCH can be added at the end of semi-static codebook for candidate PDSCH occasions if the PDSCH is earlier than candidate PDSCH occasions.
· Samsung
· Actual HARQ-ACK value is reported if there is sufficient processing time otherwise NACK is reported.
· Samsung
· New field in the DL grant that indicates the carriers to consider for codebook size determination
· Qualcomm


Summary of companies’ views of enhanced semi-static codebook and one-short HARQ-ACK feedback:
· No semi-static codebook enhancements (other than introducing one-shot HARQ-ACK feedback): 10
· Support semi-static codebook enhancements: 11
· Support of introducing one-shot HARQ-ACK feedback for NR-U: 13~15
· Does not support introducing one-shot HARQ-ACK feedback for NR-U: 4

Proposed agreement
· No enhancement in Rel-16 for type-1 (semi-static) HARQ-ACK codebook for NR-U
· For a UE configured with type-1 (semi-static) HARQ-ACK codebook operation, support configuring the UE with an additional HARQ-ACK feedback method using one-shot HARQ-ACK codebook triggered by a request field in DCI (FFS which DCI(s))
· A UE configured with type-1 HARQ-ACK codebook operation is expected to report HARQ-ACK feedback for a PDSCH scheduled with a non-numerical value of K1 only when the UE is requested to report one-shot HARQ-ACK codebook.
· FFS details of one-shot HARQ-ACK codebook

Companies’ views at RAN1#98 are summarized below:

	Companies
	Views

	ZTE, sanechips
	Proposal 3: A sliding window can be considered for UE to reduce the semi-static HARQ-ACK codebook size and the PDSCH in this window can be one group.

	Huawei, HiSilicon
	Observation 2: Besides the one-shot group HARQ-ACK feedback, no further enhancement for semi-static HARQ-ACK codebook is needed.

	vivo
	Proposal 2: Semi-static codebook in NR Rel-15 is reused in NR-U with no enhancements. One-shot group HARQ-ACK feedback for all configured HARQ processes is performed whenever needed.

	NTT DoCoMo
	Proposal 3: For semi-static HARQ codebook, following enhancements are supported.
· One-shot group HARQ ACK feedback can be triggered by using dedicated DCI and scheduling DCI
· Feedback reception acknowledgement in DCI requesting/triggering HARQ ACK feedback indicates whether previous HARQ ACK feedback was successfully received by gNB or not

	Panasonic
	

	Lenovo, Motorola Mobility
	Proposal 2: Semi-static HARQ-ACK codebook is supported for NR-U.
Proposal 3: Exclude those slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook.

	Spreadtrum
	Proposal 4: 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 Rel-15 semi-static HARQ-ACK codebook.

	NEC
	

	Fujitsu
	

	OPPO
	

	MediaTek
	Proposal 4: For semi-static HARQ-ACK mode, the gNB can request/trigger one-shot group HARQ-ACK feedback for all configured HARQ processes.
· The request/trigger can be carried in DCI carrying PUSCH grant or PDSCH assignment
· CBG-level HARQ-ACK feedback should be supported in one-shot group HARQ-ACK feedback
· FFS: compression scheme to reduce payload size due to CBG-level HARQ-ACK feedback

	Nokia, Nokia Shanghai Bell
	Proposal 7: Additional bit or bits are reserved and appended to the semi-static codebook for the postponed HARQ A/N(s) of the PDSCH(s) scheduled with non-numerical K1.

	LGE
	Proposal #7: Support the following Type-1 HARQ-ACK codebook for NR-U
· Alt 1: DCI indicates a reference HARQ-ACK timing (on top of actual HARQ-ACK TX timing) then UE reports HARQ-ACK feedback for a bundling window corresponding to the reference HARQ-ACK timing (in addition to the bundling window corresponding to the actual HARQ-ACK TX timing).
· Alt 2: DCI indicates a slot offset then UE reports HARQ-ACK feedback for a bundling window corresponding to the updated K1 values by applying the indicated offset commonly to the initially-configured K1 values (in addition to the bundling window corresponding to the initially-configured K1 values).

	InterDigital
	

	Intel
	Proposal 11: For semi-static HARQ-ACK codebook, 
· Use NR Rel-15 type 1 HARQ-ACK codebook with extension of fixed number of reserved bits for PDSCHs scheduled with non-numerical K1
· HARQ retransmission is realized by one-shot HARQ-ACK transmission. FFS whether/how NFI is indicated

	Sony
	Proposal 1: On top of dynamic HARQ codebook, semi-static HARQ codebook should be supported in NR-U.
Observation 1: For semi-static HARQ codebook, no further enhancement is necessary if one-shot group HARQ-ACK feedback triggering is introduced.

	Samsung
	Proposal 4: Legacy semi-static codebook with dynamic extension of K1 is supported for HARQ-ACK retransmission.

	Apple
	

	CAICT
	

	Sharp
	Proposal 2: If the UE is configured for operation with type-1 semi-static codebook, for reporting HARQ-ACK feedback including the feedback that was postponed by PDSCH-to-HARQ-timing-indicator at the time of scheduling the PDSCH, and if the semi-static HARQ codebook includes a bit corresponding to the PDSCH of which HARQ-ACK information is stored, the bit carries the actual HARQ-ACK information for the PDSCH instead of filling with “NACK”.

	Qualcomm
	Proposal 16: Introduce a new field in the DL grant that controls the max delay considered in semi-static HARQ ACK codebook size determination. 
Proposal 17: Introduce a new field in the DL grant that indicates the carriers to consider for codebook size determination. 

	ITRI
	

	Ericsson
	No semi-static codebook specific enhancements are considered for NR-U. Few companies proposed to dynamically change the size of the semi-static codebook, which contradicts to its original purpose of this proposal, again introduces ambiguity in the codebook size due to possible missed downlink assignment.




One-shot HARQ-ACK feedback

Agreement (RAN1#96bis)
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (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

No further progress was made at RAN1#97.

Aspects specifically related to handling of non-numerical K1 value with one-shot HARQ-ACK feedback are further discussed in section 2.1.5.

Summary of companies’ views on introducing one-shot HARQ-ACK feedback for NR-U: 
· Support (18)
· Qualcomm, Ericsson, Vivo, Fujitsu (for up to 4 PDSCH groups), OPPO, Nokia, Nokia Shanghai Bell, LGE, Intel, Sony, Sharp, ZTE, Sanechips
· Only when configured with semi-static codebook: Huawei, HiSilicon, NTT Docomo, MediaTek
· Only for dynamic HARQ-ACK codebook with PDSCH group: Panasonic
· Does not support (4)
· Spreadtrum, Samsung, Lenovo/Motorola Mobility (not for semi-static codebook)

Summary of companies’ views of enhanced semi-static codebook and one-shot HARQ-ACK feedback:
· No semi-static codebook enhancements (other than introducing one-shot HARQ-ACK feedback): 10
· Support semi-static codebook enhancements (however no convergence on specific enhancements): 11
· Support of introducing one-shot HARQ-ACK feedback for NR-U: 16
· Does not support introducing one-shot HARQ-ACK feedback for NR-U: 4


Proposed offline agreement
Rel-16 supports one-shot HARQ-ACK feedback for NR-U
· One-shot HARQ-ACK feedback is configurable for a UE
· One-shot HARQ-ACK feedback can be configured in addition to type-1 (semi-static) HARQ-ACK codebook or type-2 (dynamic) HARQ-ACK codebook
· Details of one-shot HARQ-ACK codebook
· One-shot HARQ-ACK codebook contains all HARQ processes configured for a UE
· The last PDSCH for which A/N decoding result is reported is determined as the last PDSCH within the UE N1 processing time capability
· UE reports the latest NDI value corresponding to the latest received PDSCH for each HARQ process along with the corresponding HARQ-ACK for the received PDSCH. In the case of no prior NDI value for a given HARQ process, the UE should report NDI=0
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported
· Alt1: the A/N result of the previous PDSCH with that HARQ IDs is reported, even if it had already been reported
· Alt2: Each HARQ A/N is transmitted only once, after which the HARQ A/N value is set to the default value of NACK
· When the request for one-shot HARQ feedback is sent, HARQ-ACK feedback for all the earlier PDSCHs that are scheduled with a non-numeric K1 value is also transmitted, if it is within the UE N1 processing time capability
· FFS: applicable with CBG-based HARQ
· Note: naming of “one-shot HARQ-ACK codebook” may be different in the specifications (e.g. type-3 HARQ-ACK codebook)


Summary of companies’ views on DCI supporting the request of one-shot HARQ-ACK feedback
· UE-specific DCI carrying a PDSCH assignment (12)
· NTT Docomo, Nokia, Nokia Shanghai Bell, Sony, Qualcomm, Ericsson, Mediatek, Samsung (if supported), vivo (implicitly when the number of HARQ-ACK bits is larger than a threshold) , Sharp, ZTE, Sanechips
· UE-specific DCI carrying a PUSCH grant (11)
· Nokia, Nokia Shanghai Bell, Sony, Ericsson, Mediatek, OPPO, Sharp, Lenovo, Motorola Mobility, ZTE, Sanechips
· UE-specific DCI not scheduling PDSCH nor PUSCH (8)
· Huawei, HiSilicon, Intel, vivo, Fujitsu (up to 4 PDSCH groups), Sharp
· DL DCI not scheduling PDSCH : OPPO
· UL DCI without UL-SCH : Ericsson (even if aperiodic CSI is not requested for this PUSCH)
· UE-common DCI (3)
· Sony, vivo, Panasonic

Proposed offline agreement
To be discussed in the offline session

Companies’ views at RAN1#98 are summarized below:

	Companies
	Views

	ZTE, sanechips
	One-shot HARQ ACK retransmission for all configured HARQ processes can be triggered by DCI carrying PUSCH grant or PDSCH assignment.

	Huawei, HiSilicon
	Proposal 2: If trigger based one-shot group HARQ-ACK feedback is supported in NR-U:
· The trigger is only valid for UE which is configured with semi-static HARQ-ACK codebook. 
· The trigger should be carried in a UE-specific DCI not scheduling PDSCH nor PUSCH.
· One-shot group HARQ-ACK feedback for CBG based transmission is not supported in R16.

	vivo
	Proposal 2: Semi-static codebook in NR Rel-15 is reused in NR-U with no enhancements. One-shot group HARQ-ACK feedback for all configured HARQ processes is performed whenever needed.
Proposal 3: When designing or enhancing DCI format to trigger/request reports for missed or unreported HARQ-ACK feedbacks, the new DCI can be group-common, and the limitation for the number of BD/CE at UE side should be considered.
Proposal 4: Scheduling DCI can be used to only request/trigger HARQ-ACK feedbacks by setting the resource assignment fields as reserved values to indicate empty/invalid resource.
Proposal 5: When the number of PDSCH groups, or the number of HARQ-ACK bits to report is more than a configurable threshold, one-shot group HARQ-ACK feedback for all configured HARQ processes may be performed actually.

	NTT DoCoMo
	Proposal 3: For semi-static HARQ codebook, following enhancements are supported.
· One-shot group HARQ ACK feedback can be triggered by using dedicated DCI and scheduling DCI
· Feedback reception acknowledgement in DCI requesting/triggering HARQ ACK feedback indicates whether previous HARQ ACK feedback was successfully received by gNB or not

	Panasonic
	Proposal 3: To trigger additional HARQ-ACK feedback opportunities by DCI not scheduling PDSCH/PUSCH should be supported. This trigger should be only for dynamic HARQ codebook with PDSCH group.

	Lenovo, Motorola Mobility
	Proposal 4: Overhead reduction is required if latest received NDI bits is reported together with the HARQ-ACK feedback for all DL HARQ processes. 
Proposal 5: One-shot HARQ-ACK feedback is not adopted for semi-static HARQ-ACK codebook.

	Spreadtrum
	Proposal 3: Requesting/triggering for one-shot group HARQ ACK feedback for all configured HARQ processes should not be supported.

	NEC
	

	Fujitsu
	Proposal 3: In addition to the DCI scheduling a PDSCH, a new UE-specific DCI scheduling neither PDSCH nor PUSCH is defined for requesting HARQ feedback. The new DCI may request HARQ feedback for up to 4 PDSCH groups.

	OPPO
	Proposal 1: One-shot HARQ-ACK feedback for all configured HARQ processes should be supported.
Proposal 3: Group-based HARQ-ACK can be requested by a UL grant with scheduling PUSCH or a DL grant w/o scheduling PDSCH.
Proposal 4: The slot indicated for transmitting PUCCH can be updated by a later DCI triggering HARQ-ACK feedback for the same PDSCH group(s).

	MediaTek
	Proposal 4: For semi-static HARQ-ACK mode, the gNB can request/trigger one-shot group HARQ-ACK feedback for all configured HARQ processes.
· The request/trigger can be carried in DCI carrying PUSCH grant or PDSCH assignment
· CBG-level HARQ-ACK feedback should be supported in one-shot group HARQ-ACK feedback
FFS: compression scheme to reduce payload size due to CBG-level HARQ-ACK feedback
Proposal 5: For operation with dynamic HARQ-ACK codebook, triggering one-shot HARQ-ACK feedback for all configured HARQ processes is NOT supported.

	Nokia, Nokia Shanghai Bell
	Proposal 8: For group HARQ feedback of all configured HARQ processes, each HARQ A/N is transmitted only once, after which the HARQ A/N value is set to the default value of NACK.
Proposal 9: One-shot HARQ ACK retransmission for all configured HARQ processes can be triggered with PUSCH grant or with PDSCH assignment.

	LGE
	Proposal #7: Support the following Type-3 HARQ-ACK codebook for NR-U
· DCI triggers one-shot HARQ-ACK feedback for (all or) one among multiple groups of DL HARQ process IDs (which are preconfigured by RRC) then UE reports HARQ-ACK feedback corresponding to (all or) the indicated group of HARQ process IDs.
· DCI based dynamic switching between this Type-3 codebook and Type-1 or Type-2 codebook (where UE is configured with one of them by RRC) is supported for NR-U.

	InterDigital
	

	Intel
	Proposal 9: One-shot HARQ-ACK feedback could be triggered only by UE-specific DCI not scheduling PDSCH nor PUSCH
Proposal 10: A dedicated DCI triggering one-shot HARQ-ACK transmission includes following information fields,
· A numerical K1
· PRI
· TPC
· NFI for each PDSCH group
Observation: It is not justified for triggering fallback one-shot HARQ-ACK feedback by  
· UE-specific DCI carrying a PUSCH grant
· UE-specific DCI carrying a PDSCH assignment

	Sony
	Proposal 2: One-shot group HARQ-ACK feedback should be introduced in NR-U.
Proposal 3: The following candidate schemes should all be supported.
· 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-common DCI

	Samsung
	Proposal 5: HARQ process group-based HARQ-ACK feedback is not supported.
Proposal 6: If one-shot HARQ-ACK retransmission is to be supported (only as fallback solution), it is triggered by DL assignment.
Proposal 7: To determine HARQ-ACK feedback for PDSCH with non-numerical value for K1,
· For dynamic codebook, HARQ-ACK timing for this PDSCH is derived by another DCI with the same PDSCH group index, or by another DCI triggering PDSCH group(s) including the PDSCH group of this PDSCH. 
· For semi-static codebook, HARQ-ACK for this PDSCH is reported in a PUCCH/PUSCH if the PDSCH is within candidate PDSCH occasions, or HARQ-ACK for this PDSCH can be added at the end of semi-static codebook for candidate PDSCH occasions if the PDSCH is earlier than candidate PDSCH occasions. Actual HARQ-ACK value is reported if there is sufficient processing time otherwise NACK is reported.

	Apple
	

	CAICT
	

	Sharp
	

	Qualcomm
	Proposal 8: The DCI requesting a one-shot HARQ-Ack feedback is the DCI format 1_1 carrying a PDSCH assignment. A 1-bit field is added to the DCI if the UE is configured with one-shot feedback.
Proposal 9: Support including NDI bits in the one-shot group HARQ-ACK feedback.
· In the case of no prior NDI value for a given HARQ process, the UE should report NDI=0.
Proposal 10: In one-shot feedback, the last PDSCH for which A/N decoding result is reported is determined as
· Alt1: The last PDSCH within the UE N1 capability.
· Alt2: The PDSCH that is scheduled by the last DCI among all the DCIs in which one-shot feedback is requested and points to the same slot for HARQ-Ack transmission.
· Also in R1-1909247: for any HARQ ID that is scheduled after the last determined PDSCH, the A/N result of the previous instant of PDSCHs with that HARQ IDs is reported
Proposal 11: The one-shot group HARQ-ACK feedback should also support CBG level HARQ-ACK feedback.
Proposal 12: Introduce compression schemes to reduce the HARQ-ACK feedback overhead for CBG based one-shot group HARQ-ACK feedback.
Also mention in R1-1909247: when the request for one-shot feedback is sent, HARQ-Ack feedback for all the earlier PDSCHs that are scheduled with a non-numeric K1 value is also transmitted.

	ITRI
	

	Ericsson
	Proposal 6: One-shot group HARQ ACK feedback request can be carried in:
· UE-specific DCI carrying a grant for PUSCH with/without UL-SCH
· UE-specific DCI carrying a PDSCH assignment
Proposal 7: In response to the trigger reception, for every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH.
Proposal 8: The UE includes the latest HARQ-ACK status for all received PDSCHs as long as the processing time requirements are met.
Proposal 9: After correctly receiving the feedback in response of one-shot trigger, 
a. gNB toggles the NFI for all groups
b. The DAI value for PDSCH groups with a received report for their corresponding HARQ process IDs, are reset to the corresponding initial value in addition to counting the PDSCH of that group that were not reported due to feedback timing that does not meet the required processing time.
Proposal 10: The timing for the pending HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted HARQ process that belongs to the same group and with valid (numerical) PDSCH-to-HARQ-timing-indicator.
Proposal 11: non-numerical K1 is not beneficial for the semi-static codebook.
Proposal 12: Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission 




[bookmark: _Ref17654669]HARQ-ACK feedback for PDSCH with non-numerical value for K1

Companies discussed how the UE derives the timing for HARQ-ACK feedback for PDSCH with non-numerical value for K1 for the cases of:
· Enhanced dynamic HARQ-ACK codebook
· Semi-static HARQ-ACK codebook
· One-shot HARQ-ACK feedback

Proposed offline agreement
For enhanced dynamic codebook operation
· HARQ-ACK timing for a PDSCH scheduled with non-numerical value for K1 is derived by another DCI with the same PDSCH group index, or by another DCI triggering PDSCH group(s) including the PDSCH group of this PDSCH


For semi-static codebook or one-shot HARQ-ACK feedback
Summary of companies’ views on handling of HARQ-ACK feedback for a PDSCH scheduled with a non-numerical K1 value in case of semi-static codebook or one-shot HARQ-ACK feedback:
· Non-numerical K1 cannot be signalled for a UE configured with semi-static codebook
· Ericsson
· Additional bit or bits are reserved and appended to the semi-static codebook for the postponed HARQ A/N(s) of the PDSCH(s) scheduled with non-numerical K1
· Nokia, Samsung
· When the request for one-shot feedback is sent, HARQ-ACK feedback for all the earlier PDSCHs that are scheduled with a non-numeric K1 value is also transmitted
· Qualcomm, Samsung
· The postponed HARQ-ACK of the PDSCH scheduled with non-numerical K1 is mapped to the bit of which the position is derived by the PDSCH position within the MA c occasions.
· Sharp
· For the case configured with semi-static codebook, HARQ-ACK feedback corresponding to non-numerical K1 value is transmitted by triggering one-shot codebook
· LG

Companies’ views at RAN1#98 are summarized below:

	Companies
	Views

	ZTE, sanechips
	Proposal 4: The timing for the HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted PDSCH that belongs to the same group, wherein, PDSCH-to-HARQ-timing-indicator for first subsequently transmitted PDSCH should not be non-numerical.

	Huawei, HiSilicon
	

	vivo
	

	NTT DoCoMo
	

	Panasonic
	

	Lenovo, Motorola Mobility
	

	Spreadtrum
	Proposal 1: The non-numerical value of PDSCH-to-HARQ-timing-indicator can be used to dynamically extend the set of K1 for self-COT HARQ-ACK feedback. No need to extend the largest value of dl-DataToUL-ACK defined in Rel-15.

	NEC
	

	Fujitsu
	

	OPPO
	

	MediaTek
	

	Nokia, Nokia Shanghai Bell
	Proposal 7: Additional bit or bits are reserved and appended to the semi-static codebook for the postponed HARQ A/N(s) of the PDSCH(s) scheduled with non-numerical K1.
Proposal 8: For group HARQ feedback of all configured HARQ processes, each HARQ A/N is transmitted only once, after which the HARQ A/N value is set to the default value of NACK.

	LGE
	

	InterDigital
	

	Intel
	Proposal 3: The non-numerical value of K1 is to indicate to the UE that the timing and resource for the HARQ-ACK feedback for the corresponding PDSCH is provided by another DCI.
· The DCI with non-numerical value of K1 can be either later or earlier than the other DCI with numerical value of K1

	Sony
	

	Samsung
	Proposal 7: To determine HARQ-ACK feedback for PDSCH with non-numerical value for K1,
· For dynamic codebook, HARQ-ACK timing for this PDSCH is derived by another DCI with the same PDSCH group index, or by another DCI triggering PDSCH group(s) including the PDSCH group of this PDSCH. 
· For semi-static codebook, HARQ-ACK for this PDSCH is reported in a PUCCH/PUSCH if the PDSCH is within candidate PDSCH occasions, or HARQ-ACK for this PDSCH can be added at the end of semi-static codebook for candidate PDSCH occasions if the PDSCH is earlier than candidate PDSCH occasions. Actual HARQ-ACK value is reported if there is sufficient processing time otherwise NACK is reported.

	Apple
	

	CAICT
	

	Sharp
	Proposal 2: If the UE is configured for operation with type-1 semi-static codebook, for reporting HARQ-ACK feedback including the feedback that was postponed by PDSCH-to-HARQ-timing-indicator at the time of scheduling the PDSCH, and if the semi-static HARQ codebook includes a bit corresponding to the PDSCH of which HARQ-ACK information is stored, the bit carries the actual HARQ-ACK information for the PDSCH instead of filling with “NACK”.

	Qualcomm
	When the request for one-shot feedback is sent, HARQ-Ack feedback for all the earlier PDSCHs that are scheduled with a non-numeric K1 value is also transmitted.
Proposal 13: The timing for HARQ-Ack transmission of a PDSCH scheduled by a first DCI with non-numeric K1 value is determined based on the earliest detected DCI (after the first DCI) scheduling another PDSCH with a numeric K1 value if the PRI values of the two DCIs are the same.
Proposal 14: When a PDSCH for a given HARQ process ID is scheduled with non-numeric K1 value, a second PDSCH with the same HARQ process ID can be received if the DCI requesting/triggering feedback is not detected by the end of a fixed duration.

	ITRI
	

	Ericsson
	Proposal 7: In response to the trigger reception, for every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH.
Proposal 8: The UE includes the latest HARQ-ACK status for all received PDSCHs as long as the processing time requirements are met.
Proposal 10: The timing for the pending HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted HARQ process that belongs to the same group and with valid (numerical) PDSCH-to-HARQ-timing-indicator.
Proposal 11: non-numerical K1 is not beneficial for the semi-static codebook.



[bookmark: OLE_LINK1]PUCCH Resource Indication for HARQ-ACK transmission
Multiple frequency-domain opportunities for HARQ-ACK transmission has been proposed by several companies. Some companies are also proposing enhancements for time-domain opportunities, but those enhancements are considered covered by previous agreements that narrowed-down the options for time-domain opportunities.

Summary of companies’ views on multiple frequency-domain opportunities for HARQ-ACK transmission:
· Supported by (10): ZTE, sanechips, Huawei, HiSilicon, NTT DoCoMo, Samsung, CAICT, Mediatek
· Only within a wideband carrier: Nokia, Nokia Shanghai Bell
· Not supported by (5): Intel, Qualcomm (RAN1#97), Spreadtrum (RAN1#97), Fujitsu, Sharp

Proposed agreement
· One PUCCH resource can be confined within a single LBT sub-band
· For multiple HARQ-ACK opportunities in frequency domain:
· 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) can be 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
· Maximize commonalities of the design for the CA case and wideband carrier case

Companies’ views at RAN1#98 are summarized below:

	Companies
	Views

	ZTE, sanechips
	Proposal 6: Multiple opportunities in frequency domain in different LBT sub-bands should be supported to provide multiple frequency domain opportunities for HARQ-ACK feedback, such as multiple carriers/sub-bands.
Proposal 7: Multiple opportunities in time domain should be supported to provide multiple time domain opportunities for HARQ-ACK feedback, such as a HARQ-ACK feedback window or allowed delayed slots.

	Huawei, HiSilicon
	Proposal 3: Multiple opportunities for HARQ-ACK feedback in frequency domain should be supported in NR-U:
· When UE is configured with carrier aggregation (CA), gNB could indicate to the UE multiple concurrent PUCCH resources across multiple activated carriers including SCells.
· When the UE is configured with a wideband BWP, the associated PUCCH Resource Sets should be distributed across multiple LBT subbands of the wideband BWP.

	vivo
	

	NTT DoCoMo
	Proposal 6: For multiple HARQ-ACK opportunities in frequency domain, following mechanisms are further considered.
· 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

	Panasonic
	

	Lenovo, Motorola Mobility
	

	Spreadtrum
	

	NEC
	

	Fujitsu
	Proposal 5: When a PUCCH overlaps with a PUSCH which starts at a different symbol, the UE can transmit the PUCCH if the LBT for PUCCH succeeds.
Multiple opportunities can be achieved by scheduling a PUSCH which overlaps with the PUCCH in a different LBT subband

	OPPO
	

	MediaTek
	Proposal 6: Allocation of more than one frequency domain candidate resources distributed in different 20MHz LBT subbands for a PUCCH transmission should be supported in NR-U.
Proposal 7: Due to larger specification and implementation efforts, no need to consider PUCCH resource configurations on SCells other than PCell/PSCell/PUCCH-SCell if no significant gain is identified.

	Nokia, Nokia Shanghai Bell
	Proposal 10: NR-U supports PUCCH resource configuration, where multiple frequency resources can be configured for each PUCCH resource indicator value to ensure the sufficient number of PUCCH resources on each BWP sub-band given the DL LBT outcome.
Proposal 11: Dynamic PUCCH resource allocation over multiple cells, requiring significant standardization efforts, is not supported for Rel-16 NR-U.

	LGE
	Proposal 10: Consider to support multiple candidate PUCCH resources in time domain for a single HARQ-ACK transmission based on the following approach. 
· Multiple PUCCH resource sets each of which consists of one or multiple (TDMed) candidate PUCCH resources are preconfigured by RRC then one of the PUCCH resource sets is indicated by PRI (PUCCH Resource Indicator) field in DCI.
· Different number of candidate resources can be configured between PUCCH resource sets.

	InterDigital
	

	Intel
	Proposal 12: Multiple opportunities for PUCCH in frequency domain is not supported in NR-U. 
Proposal 13: The LBT bandwidth for PUCCH transmission of a UE is derived from the LBT bandwidths where LBT are successful at gNB

	Sony
	.

	Samsung
	Proposal 8: Multiple transmission opportunity in frequency domain by indicating multiple PUCCH/PUSCH carrying HARQ-ACK for multiple sub-bands/CCs should be supported.

	Apple
	

	CAICT
	Proposal 2: A bitmap could be used to indicate one HARQ-ACK feedback in multi carrier/sub-band.
Proposal 3: Access priorities should be allocated to different PUCCH resources carrying the same HARQ-ACK.
Proposal 4: Alt5b is proposed (Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI)

	Sharp
	

	Qualcomm
	

	ITRI
	

	Ericsson
	



3 Scheduling enhancements

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

Agreement (RAN1#97)
For multiple PUSCHs scheduled by a single DCI
· The following fields in the DCI are signalled per PUSCH
· NDI
· RV (FFS: compression scheme for RV)
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)
· Time domain resource assignment mechanism is enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs, and their starting and ending symbols
· At least continuous time domain resource assignment is supported 
· FFS: whether multiple mapping Type B PUSCHs is allowed within the first slot
· FFS: whether multiple starting positions is allowed for UE-initiated COT (discussed as part of agenda 7.2.2.1.3) 
· FFS: configuration/signalling details
· CSI request field in the DCI applies to a single PUSCH
· FFS: relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback, and how to determine which PUSCH carries the CSI feedback
· FFS: Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs
· FFS: Potential impact on MCS signalling for re-transmission
· Note: Indication of the LBT type and priority class should be possible with the DCI
· Note: SRS request field in the DCI applies to a single slot with the applicable slot signalled as in Rel-15
· Note: The number of DAI fields is not increased as compared to the single PUSCH scheduling DCI in Rel-16. Applicability of the DAI field is the same as multi-slot PUSCH scheduling in Rel-15.

Agreement (RAN1 AH1901)
· Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.

One company (Panasonic) proposed that Multi-PDSCH scheduling by a single DCI should be supported.

Multi-TTI PUSCH scheduling
A number of proposals (e.g. for TDRA) depend on whether multiple starting positions for PUSCH will be specified for allowing multiple LBT attempts, which is discussed in the agenda on uplink channels and signals. One possibility could be to decouple the discussion on multiple LBT opportunities within one slot, and multiple LBT opportunities across slots since multi-TTI scheduling inherently provides multiple LBT opportunities (with different TBs).

Summary of companies’ views on multiple starting positions with multi-TTI scheduling
· Allow multiple mapping Type B PUSCHs can be allowed within the first slot
· Supported: ZTE, vivo, Lenovo, Motorola Mobility, CAICT, Qualcomm
· Not supported: Samsung, Sharp, MediaTek
· Multiple starting positions for each PUSCH can be configured/indicated according to UE capability
· NTT Docomo

Proposed offline agreement:
· At least for multi-TTI scheduling with one PUSCH per slot, Rel-16 will not support multiple starting positions for PUSCH within one slot.
· FFS for single-TTI scheduling (to be discussed in channel access mechanism agenda).

Proposed offline agreement:
For signaling the number of scheduled PUSCHs and TDRA
· The maximum number of scheduled PUSCHs in multi-TTI DCI is RRC configured 
· Choose one alternative among Alt1 and Alt2 below
· Alt1: new field in DCI + a single SLIV
· The number of scheduled PUSCHs is signalled by a new DCI field
· The signaled slot offset and starting symbol relate to the first scheduled PUSCH; single Type B PUSCH is allowed within the first slot
· The indicated PUSCH duration indicates the duration for the last scheduled PUSCH
· Alt-a: mapping type for the last scheduled PUSCH is signalled to the UE
· Alt-b: mapping type for the last scheduled PUSCH is limited to type A or type B
· Alt2: implicitly indicated by TDRA table
· The TDRA table is extended such that each row indicates multiple slots
· The number of scheduled PUSCHs is signalled by the row of the TDRA table signalled in DCI
· If a PUSCH is not to be scheduled, the corresponding (K2, S, L, mapping type) is set to non-valid/empty values in the corresponding row of the TDRA table configured by RRC


RAN1#97 agreement:
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs

Summary of companies’ views on CBG-based re-transmissions with multi-PUSCH scheduling with a single DCI
· Option 0: no CBGTI field in a DCI scheduling multiple PUSCHs
· Spreadtrum, Huawei, HiSilicon, Ericsson
· Option 1: CBGTI provided per re-transmitted PUSCH
· ZTE
· Option 2: CBGTI provided for each PUSCH
· 
· Option 3-1: CBGTI provided for the first M re-transmitted PUSCHs
· Qualcomm: limit the maximum number of retransmissions, reuse the unused NDI and RV fields for CBGTI
· Nokia: limit the maximum number of retransmissions with CBG, reuse the unused NDI and RV fields for CBGTI
· Option 3-2: CBGTI provided for a limited number of PUSCHs
· MediaTek: introduce a separate field in a multi-TTI grant to inform UE which PUSCHs are scheduled with CBG-based retransmissions
· Apple: configured by RRC signalling, and HARQ-ACK processes associated with CBG-based transmission is explicitly indicated by separate field in scheduling DCI format
· Ericsson: CBGTI only present if a single PUSCH is scheduled. Otherwise those bits are re-purposed into RV and NDI bits for multiple PUSCHs.
· Lenovo, Motorola Mobility: only for the first transmitted PUSCH
· Option 3-4: CBG based (re)transmission if supported applies to TTI(s) with least number of symbols
· Intel

Proposed offline agreement:
To be discussed in the offline session


Companies’ views at RAN1#98 are summarized below:

	Companies
	Views

	ZTE, sanechips
	Proposal 8: The CBGTI field in the multiple TTIs scheduling should be per re-transmitted PUSCH.
Proposal 9: Multiple mapping Type B PUSCHs can be allowed within the first slot.
Proposal 10: For DCI formats and CSI request field apply to which PUSCH, the same design as in LAA can be considered.

	Huawei, HiSilicon
	Support multi-PUSCH indication in DCI format 0_0A and 0_1A.

	vivo
	Proposal 6: When new DCI format for scheduling multiple TTIs using a single UL grant is required, DCI formats 0B/4B in eLAA as well as DCI formats 0_0/0_1 in NR Rel-15 can be considered as a starting point.
Proposal 7: Multiple starting points or mini-slots can be considered when scheduling multiple consecutive TTIs using a single UL grant.
Proposal 8: Transmitting repetitions of a TB by scheduling multiple TTIs using a single UL grant is supported.
Proposal 9: A PUSCH set table, a row of which indicates detailed time domain resource assignment for multiple scheduled PUSCHs, is used for uplink multi-TTI scheduling.
Proposal 10: Frequency domain resource assignment mechanism should be enhanced to deal with diverse resource requirements for each scheduled PUSCH such as TB size.
Proposal 11: The last scheduled PUSCH that can accommodate the payload of CSI feedback and fulfill the requirement of CSI processing time is chosen to carry the CSI feedback.

	NTT DoCoMo
	Proposal 4: For multi-TTI UL grant, maximum number of scheduled PUSCHs by the DCI is configurable by higher layer and is up to [16].
Proposal 5: For multi-TTI UL grant, multiple starting positions for each PUSCH can be configured/indicated according to UE capability.

	Panasonic
	Proposal 4: To avoid DCI overhead, RRC configured TDRA table could be enhanced to indicate the time domain resources for multiple PUSCH transmissions with possibly multiple SLIVs instead of just one SLIV and use the existing DCI code-point for signalling the index of the TDRA table.

	Lenovo, Motorola Mobility
	Proposal 6: For multi-TTI scheduling, support the following:
· Only time contiguous transmission is supported (i.e. no transmission gaps between slots / mini-slots);
· CBG-based re-transmission is supported only for the first transmitted PUSCH.
· Multiple contiguous mapping Type B PUSCHs are allowed to be scheduled within the first slot.
· At least NDI, 2-bit RV, M-bit CBGTI are present in the single UL grant for each of the up to N scheduled PUSCHs; BWP indicator, frequency domain resource assignment, MCS, TPC can be one value applicable to all of the scheduled PUSCHs;
· Time domain resource assignment in the UL grant indicates one of RRC configured time domain resource allocation patterns for UL multi-TTI scheduling.

	Spreadtrum
	Proposal 5: For multiple PUSCHs scheduled by a single DCI, two RV fields can be contained in the scheduling DCI indicating the RV of initial transmissions and retransmissions, respectively. 
Proposal 6: For multiple PUSCHs scheduled by a single DCI, no need to support CBG-based re-transmission.

	NEC
	

	Fujitsu
	

	OPPO
	

	MediaTek
	Proposal 8: When UE is scheduled to transmit one or more TBs and no CSI report, or UE is scheduled to transmit one or more TBs and a CSI report on one or more PUSCHs by a multi-TTI grant, TDFA field value m of the multi-TTI grant provides a row index m +1 to an allocated table. The indexed row defines the parameters K2, S, and L as in NR Rel-15 but with different interpretations.
Proposal 9: Introduce a separate field to indicate the number of scheduled PUSCHs in a multi-TTI grant.
Proposal 10: If multiple starting positions within a scheduled PUSCH transmission is allowed in NR-U, multiple mini-slot PUSCHs scheduling using a multi-TTI grant is not necessary.
Proposal 11: Introduce following schemes to reduce CBGTI field size in a multi-TTI grant
· CBGTI is only indicated for a fixed number of PUSCHs, where the maximum number is limited
· Introduce a separate field in a multi-TTI grant to inform UE which PUSCHs are scheduled with CBG-based retransmissions
Proposal 12: If UE receives a multi-TTI grant that requests a CSI report without data, only one PUSCH is determined as in NR Rel-15 to transmit the CSI report.
Proposal 13: If UE receives a multi-TTI grant that requests a CSI report with data, the CSI report should be transmitted on the last scheduled PUSCH.

	Nokia, Nokia Shanghai Bell
	Proposal 1: On the time domain resource assignment of multi-TTI DCI, the signaled slot offset and starting symbol relate to the first scheduled PUSCH; single Type B PUSCH is allowed within the first slot; and the indicated PUSCH duration indicates the duration for the last scheduled PUSCH. 
Proposal 2: For multi-TTI scheduling DCI: a field for the number of scheduled TTIs is introduced; UL-SCH indicator and frequency hopping flag are not included; and single MCS field is common for all PUSCHs.
Proposal 3: CBG-based re-transmission is supported for multi-TTI scheduling based on option 1-b: CBGTI is provided for a predefined number of re-transmitted PUSCHs. Unused NDI and RV fields are utilized for CBGTI signalling to maintain CBGTI overhead acceptable.
A field for the number of scheduled PUSCH TTIs is introduced.
CSI feedback is carried on the first PUSCH and Rel15 NR timing for the triggered CSI-RS is followed.
Observation 2: If multi-TTI DCI format would be a DCI format 0_1 configured with maximum number of schedulable TTIs and cross-carrier scheduling for the scheduled cell (CIF included), there seems to be no additional specification effort to support cross-carrier cross-numerology scheduling also for multi-TTI scheduling.
Proposal 4:  Multi-TTI PUSCH scheduling is configured in NR-U by configuring a maximum number of schedulable TTIs  for DCI format 0_1
· when  >1, an additional field “Number of scheduled TTIs” would be present in the format, which would indicate dynamically the number of scheduled TTIs , where .

	LGE
	Proposal #2: Consider the following options as the UL grant DCI signalling for multi-slot PUSCH scheduling.
· Option 1: DCI indicates 1) SLIV for the first short-duration PUSCH in the first slot, and 2) Number (R) of repetitions for the indicated SLIV.
· Option 2: DCI indicates 1) SLIV for the first short-duration PUSCH in the first slot, 2) Number (N) of allocated PUSCH resources, and 3) Ending symbol index (E) of PUSCH resource in the last slot.
Proposal #3: Consider the following options to determine the DMRS pattern/data mapping type for multi-slot PUSCH scheduling.
· Option 1: DMRS pattern/data mapping type for the first and/or last (partial) slot is indicated via the multi-TTI grant DCI while the information for other or middle (full) slots is pre-configured by RRC.
· Option 2: DMRS pattern/data mapping type for both PUSCH in the first and/or last slot and PUSCH in other or middle slots is jointly indicated via the multi-TTI grant DCI.
Proposal #4: Consider the following aspects for aperiodic CSI reporting on the PUSCH scheduled by multi-TTI grant DCI.
· Determination of a PUSCH resource used for the CSI reporting among multiple allocated PUSCH resources.
· Support of aperiodic CSI only PUSCH without UL-SCH by using UL-SCH indicator in the multi-TTI grant DCI.
Proposal #5: Consider aperiodic SRS transmission within the slots scheduled by multi-TTI grant DCI, by adjusting the preconfigured SRS slot offset.
Regarding HARQ-ACK piggyback on the PUSCH scheduled by multi-TTI grant DCI, it is necessary to consider how to apply HARQ-ACK related information (e.g. NFI) signalled in the DCI.
For CBG based retransmission over multiple PUSCHs allocated by multi-TTI grant DCI (if supported), it would be reasonable in terms of DCI overhead to include single common CBGTI field in the DCI which could be applied only for the retransmitted or indicated PUSCHs.
Proposal #6: Consider the following aspects for the channel access procedure based data transmission with multiple candidate TX starting symbols in NR-U.
· Data mapping rule
· Retransmission structure

	InterDigital
	

	Intel
	Proposal 14: Scheduling PUSCH over multiple slots/mini-slots by a single DCI does not support multiple PUSCHs which are discontinuous to each other in time. 
Proposal 15: For a nominal TTI divided into 2 TTIs, it is slightly preferred to transmit a same TB on the two TTIs. 
Proposal 16: CBG based (re)transmission if supported applies to TTI(s) with least number of symbols.  
Proposal 17: For a TTI for retransmission scheduled by multi-TTI DCI, TBS always follows initial transmission of the same TB and modulation order could follow the currently indicated MCS.  
Proposal 18: Define one new DCI format 0_1C to support dynamic switching between single-TTI scheduling and multi-TTI scheduling 
· If single TTI is scheduled by DCI format 0_1C, it includes 1-bit NDI, 2-bit RV and CBGTI. 
· If more than one TTI are scheduled by DCI format 0_1C, it includes 1-bit NDI and 1-bit RV per TB

	Sony
	

	Samsung
	Proposal 9: CBG-based retransmission is supported for multi-PUSCH scheduling with configurable CBGTI bit field for re-transmitted PUSCH.
Proposal 10: Multiple type-B PUSCHs in first slot is not supported. 
Proposal 11: UL grant indicates the number of scheduled slots. The existing TDRA table is reused with a single SLIV indicating the starting symbol S in first slot and the ending symbol L in last slot, a single PUSCH mapping type indicating the mapping type for all slots except first slot where PUSCH mapping type B is used.
Proposal 12: A-CSI is reported in penult slot. The timing relation between A-CSI-RS and UL grant is same as Rel-15 NR. 
Proposal 13: If CBG-based transmission is configured, MCS indicated by UL grant applies to PUSCH with TB-based transmission, and previous MCS applies to PUSCH with partial CBG-based transmission. 
Proposal 14: Define separate DCI format for single and multi-PUSCH scheduling respectively.
Proposal 15: Non-continuous multi-PUSCH scheduling is not supported.

	Apple
	Proposal 1:  Consider support time domain resource allocation for multi-TTI scheduling with each TDRA IE in scheduling DCI to indicate a set of concatenated Rel-15 TDRA values. 
Proposal 2: Support 1-bit RV field per PUSCH transmission for multi-TTI scheduling. 
Proposal 3: Support CBG-based HARQ retransmission for NR
· The maximum number of HARQ processes with CBG-based retransmission is configured by RRC signaling. 
· HARQ-ACK processes associated with CBG-based transmission in a multi-TTI transmission is explicitly indicated by separate field in scheduling DCI format.

	CAICT
	Proposal 5: Multiple mapping Type B PUSCHs is allowed within the first slot for multi-TTI grant. 

	Sharp
	Multiple Type B PUSCHs in a slot can be supported by using multiple DCIs as in Rel-15
Proposal 3: With respect to DCI format design for multi-TTI, we prefer the option of one DCI format 1_1A (or reusing DCI format 1_1 of Rel-15) for both single-TTI and multi-TTI, switching by a flag indicated by the DCI format 1_1A. This switching flag can either be implicitly indicated by the DCI field indicating the number of TTIs or be explicitly indicated by a dedicated DCI field.

Proposal 4: Focusing on the continuous time domain resource assignment for multi-TTI, a simple allocation scheme with concise indication could be:
· Mapping Type B for all the slots.
· The first slot: 	indication of S (L=14-S)
· The middle slot(s):	no explicit indication
· The last slot:	indication of L (S=0)
And, a more flexible allocation scheme could be:
· The first slot: 	mapping Type B, indication of S (L=14-S)
· The middle slot(s):	indication of mapping type
· The last slot:	indication of mapping type, indication of L (S=0)

	Qualcomm
	Proposal 18: Signal the actual number of scheduled PUSCHs (n) in the multi-TTI DCI.
· Maximum number of PUSCHs that can be scheduled by multi-TTI grant (N) is semi-statically configured. Support at least N=1, 2, 4, 8. FFS for N=16.
· Bit-width of n in the DCI is equal to log2(N).
· Bit-width of NDI field in the DCI is equal to N.
TDRA
Proposal 19: The multi-TTI grants should include support for transmitting mini-slots in the initial portion of the transmission which can be followed by switching to full slot at slot boundaries.
Proposal 20: Support a flexible TDRA table format in which a combinations of valid mini-slot PUSCHs (w/o crossing the slot boundary) and full-slot PUSCHs can be signalled through the row index of the table.
TBS determination and MCS signalling for retransmissions
Proposal 21: For multi-TTI DCI, introduce a bitmap of size N (maximum number of PUSCHs that can be scheduled) that determines that the TBS determination of which of the scheduled PUSCHs should not use the MCS indicated in the multi-TTI grant. 
· If a bit of the bitmap for a PUSCH is one, the previous DCI scheduling the same TB is used for TBS calculation.
· Optionally, introduce a common implicit MCS (2bits) that determines the modulation order of PUSCHs for which a value of one is indicated in the bitmap.
Proposal 22: The multi-TTI grants should also support CBG based retransmissions.
Proposal 23: Introduce the following scheme to reduce the DCI size of multi-TTI grant
· Limit the maximum number of retransmissions in a multi-TTI grant through an RRC parameter, which can be smaller than N (maximum number of PUSCHs).
· CBGTI and RV fields include the information only for HARQ process IDs corresponding to a retransmission as indicated by the bitmap. The length of the CBGTI and RV fields in the DCI is a function of the maximum number of retransmissions. 

	ITRI
	

	Ericsson
	DCI 0_1 should be extended to support scheduling one or more PUSCH slots.
Proposal 14: Scheduling multiple PUSCHs functionality is enabled/disabled via RRC. The RRC configuration includes: 
a. The maximum number PUSCH that can be scheduled using single DCI. 
b. PUSCH-MultiSlotTimeDomainResourceAllocation data structure to be used when the functionality is enabled.
Proposal 15: UE refers to the PUSCH-MultiSlotTimeDomainResourceAllocation when receiving a UE specific DCI 0_1 if PUSCH-MultiSlotTimeDomainResourceAllocation is provided as part of the RRC PUSCH-config.
Proposal 16: PUSCH-TimeDomainResourceAllocationSet-rxy is used to configure a time domain relation between PDCCH and multiple PUSCH. pusch-MultiSlotTimeDomainAllocationList-rxy contains one or more of such PUSCH-TimeDomainResourceAllocationSet-rxy. Each PUSCH-TimeDomainResourceAllocationSet-rxy contains PUSCH-TimeDomainResourceAllocation information (K2, S, L, mapping type) corresponding to each scheduled PUSCH.  
Proposal 17: The number of scheduled PUSCH is implicitly indicated by the TDRA table. If a PUSCH is not to be scheduled, the corresponding (K2, S, L, mapping type) is set to non-valid/empty values.
Proposal 18: Increasing the bit-width of time domain resources assignment field in the multi-slot DCI to maximum 5 bits instead of 4 bits can be considered.
Proposal 19: If both Codebook group feedback and multi-PUSCH scheduling are configured simultaneously, 
a. if  Nslots indicates 1 PUSCH, 
i. RV, NDI is indicated for one slot (i.e. RV is two bits, NDI is one bit)
ii. DCI indicates CBGTI information corresponding to the scheduled PUSCH
b. if Nslots indicates >1 PUSCH, 
i. CBGTI is not supported in case the DCI is scheduling multiple PUSCH. The field is not included in DCI.
ii. Each of the RV and NDI bit width is equal to the maximum number of scheduled slots in RRC configuration
c. Zero padding might be needed to align the DCI length for the two cases.



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 based on format 1_1:

	
	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
Vivo: enhanced to deal with diverse resource requirements for each scheduled PUSCH such as TB size

	Frequency hopping flag
	As in Rel-15
	Nokia: field not needed for multi-PUSCH scheduling

	Modulation and coding scheme
	As in Rel-15
Nokia, Huawei, HiSilicon, Lenovo, Motorola Mobility
	Samsung: If CBG-based transmission is configured, MCS indicated by UL grant applies to PUSCH with TB-based transmission, and previous MCS applies to PUSCH with partial CBG-based transmission
Qualcomm: indicate which of the scheduled PUSCHs should not use the MCS indicated in the multi-TTI grant.

	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
	Nokia: field not needed for multi-PUSCH scheduling
LG: Support of aperiodic CSI only PUSCH without UL-SCH by using UL-SCH indicator in the multi-TTI grant DCI

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

	SRS request
	As in Rel-15
As in LAA: ZTE
	Samsung, Ericsson, Huawei: for a single slot
Docomo: mini-slot/slot-specific
LG: Consider aperiodic SRS transmission within the slots scheduled by multi-TTI grant DCI, by adjusting the preconfigured SRS slot offset

	CSI request
	As in Rel-15
As in LAA: ZTE
	Samsung, Ericsson: for a single PUSCH
Vivo: The last scheduled PUSCH that can accommodate the payload of CSI feedback and fulfill the requirement of CSI processing time is chosen to carry the CSI feedback.
Mediatek: which PUSCH depends on whether requests for CSI report with or without data
Nokia: CSI feedback is carried on the first PUSCH and Rel15 NR timing for the triggered CSI-RS is followed
Samsung: A-CSI is reported in penultimate slot

	1st downlink assignment index
	As in Rel-15
	Ericsson: for a single PUSCH

	2nd downlink assignment index
	As in Rel-15
	Ericsson: for a single PUSCH

	Transmission mode
	Support different transmission mode, i.e. scheduled by gNB or multiple starting position depends on LBT outcome (cf UL signals and channels to support multiple starting points for PUSCH)

	New field: Number of scheduled PUSCHs
	Nokia, Huawei, HiSilicon, MediaTek, Qualcomm
Qualcomm: maximum is RRC configured (N=1, 2, 4, 8. FFS for N=16)

	New field: LBT type and priority class
	Common: Intel, Mediatek, Nokia

Huawei:
- LBT gap indication/offset from starting position in TDRA (0 or 25 us)
- Channel access type indication (Cat1, 2 or 4) for the first successful PUSCH
- Channel access priority (for Cat4 LBT)

	Time domain resource assignment for multiple PUSCHs
	Qualcomm, ZTE: signal the number of TTIs and the number of allowed mini/full slots

Lenovo, Motorola Mobility, Panasonic: indicate one of RRC configured time domain resource allocation patterns

LG: different DMRS pattern (symbol) for first/last slot and middle slots

Mediatek: If multiple starting positions within a scheduled PUSCH transmission is allowed in NR-U, multiple mini-slot PUSCHs scheduling using a multi-TTI grant is not necessary.

Nokia, Samsung: the signaled slot offset and starting symbol relate to the first scheduled PUSCH; single Type B PUSCH is allowed within the first slot; and the indicated PUSCH duration indicates the duration for the last scheduled PUSCH

Vivo: PUSCH set table

LG:
Option 1: DCI indicates 1) SLIV for the first short-duration PUSCH in the first slot, and 2) Number (R) of repetitions for the indicated SLIV.
Option 2: DCI indicates 1) SLIV for the first short-duration PUSCH in the first slot, 2) Number (N) of allocated PUSCH resources, and 3) Ending symbol index (E) of PUSCH resource in the last slot.

Sharp: mapping type B for all slots, or only for the first slot and indication of the mapping type for the other slots.

Qualcomm: flexible TDRA table format in which a combinations of valid mini-slot PUSCHs (w/o crossing the slot boundary) and full-slot PUSCHs can be signalled through the row index of the table

Ericsson: The number of scheduled PUSCH is implicitly indicated by the TDRA table. If a PUSCH is not to be scheduled, the corresponding (K2, S, L, mapping type) is set to non-valid/empty values.

	New data indicator (NDI)
	Qualcomm (for a limited number of process IDs, RRC-configured)
Mediatek (should be enhanced to avoid large payload size)

Per PUSCH: Huawei, HiSilicon, Intel, Samsung, Lenovo, Motorola Mobility, Docomo, Sharp, Panasonic, ZTE, sanechips

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

Per PUSCH: Huawei, HiSilicon, Intel, Samsung, Lenovo, Motorola Mobility, Docomo (not limited to two candidates), Sharp, ZTE, sanechips, Mediatek, Apple

Spreadtrum: For multiple PUSCHs scheduled by a single DCI, two RV fields can be contained in the scheduling DCI indicating the RV of initial transmissions and retransmissions, respectively

	HARQ process number (HARQ ID)
	Details agreed at RAN1#97

Huawei: 4 bits as R15, The 4-bit applies to the first scheduled PUSCH, and the HARQ process numbers for other scheduled PUSCHs are determined by mod (HARQ_ID+i, N_HARQ _process ), i=1,…,N-1, where N_HARQ _process is the number of configured HARQ process.

	CBG transmission information (CBGTI)
	See below




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.

Companies’ views on extending the number of bits in the UL PUSCH time domain resource assignment:
· Support: Qualcomm
· No support: Ericsson (RAN1#97), Intel (RAN1#96b), NTT Docomo (RAN1#96b)

Proposed conclusion:
· The number of bits in UL PUSCH time domain resource assignment is not extended in Rel-16 for NR-U

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.

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

Companies’ views on the support of 2-stage UL grant for NR-U:
· Supported by: Qualcomm, Nokia/Nokia Shanghai Bell (RAN1#97), Fujitsu, ZTE (RAN1#96b)
· Not supported by: NTT Docomo (RAN1#97), OPPO, Ericsson, Charter (RAN1#96b), LG

Proposed conclusion:
· There is no consensus to support a 2-stage uplink grant for NR-U in Rel-16.


Companies’ views at RAN1#98 are summarized below:
	Companies
	Views

	ZTE, sanechips
	

	Huawei, HiSilicon
	

	vivo
	

	NTT DoCoMo
	

	Panasonic
	

	Lenovo, Motorola Mobility
	

	Spreadtrum
	

	NEC
	

	Fujitsu
	Proposal 6: NR-U supports two-stage grant mechanism.

	OPPO
	Proposal 8: Unless clear benefits are provided, 2-satge UL grant for PUSCH without msg3 should not be supported

	MediaTek
	

	Nokia, Nokia Shanghai Bell
	

	LGE
	

	InterDigital
	

	Intel
	

	Sony
	

	Samsung
	

	Apple
	

	CAICT
	

	Sharp
	

	Qualcomm
	Proposal 25: 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.

	ITRI
	

	Ericsson
	Observation 1: It is not beneficial to support 2-stage grant in NR.



4 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.

	Companies
	Views

	Nokia, Nokia Shanghai Bell
	Observation 1: Cross-numerology cross-carrier scheduling is beneficial for NR-U PUSCH scheduling especially in the case of Scenario A (CA with NR cells) deployment.
Observation 2: If multi-TTI DCI format would be a DCI format 0_1 configured with maximum number of schedulable TTIs and cross-carrier scheduling for the scheduled cell (CIF included), there seems to be no additional specification effort to support cross-carrier cross-numerology scheduling also for multi-TTI scheduling.

	LGE
	Proposal 10: Support following Type 1/2/3 of scheduling configuration in NR LAA case and Type 1/3 in U-cell only case.
Type 1: self-CC (U-cell to U-cell) scheduling for both DL and UL
Type 2: cross-CC (L-cell to U-cell) scheduling for both DL and UL
Type 3: self-CC scheduling for DL and cross-CC scheduling for UL

	Ericsson
	Proposal 12: Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission 
Proposal 13: Support UL/DL Scheduling combination:
· Self-scheduling for DL
· Self- and/or cross-carrier scheduling for UL




Possible agreement:
· 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 between licensed band NR PCell and NR-U SCell) deployment, including the case of multi-slot PUSCH scheduling with a single UL grant.
· Support the following types of UL/DL scheduling for NR-U:
· self-CC scheduling for both DL and UL (NRU-cell to NRU-cell)
· cross-CC scheduling for both DL and UL (licensed-cell to NRU-cell)
· self-CC scheduling for DL and cross-CC scheduling for UL (scenario A and scenario C in WID)

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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