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Introduction

This paper summarizes potential issues on NR-U HARQ enhancement in RAN1#95. 
· The issues with HARQ feedback mechanism are discussed in Section 2
· The issues with scheduling are discussed in Section 3
The proposals generated by the feature lead are appended at the end of each subsection.  

[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665][bookmark: _Ref129681832]HARQ A/N feedback

Past Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial
· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required
· Mechanisms to support this need to be identified
· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted
· Mechanisms to support this need to be identified
Past Agreement:
· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial
· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities

Past Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified
· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes
Past agreement: 
· NR-U should support both:
· HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy
· It is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations, one or more of the following would be needed:
· Allow values larger than 15 by RRC signaling (FFS the largest value needed)
· Note: in some cases this may point outside of the COT
· Allow more bits for the PDSCH-to-HARQ-timing-indicator
· HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. These possible candidate solutions can be considered:
· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
· Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Note: the alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH
· Study the impact of the above candidate solutions on the HARQ codebook

Past agreement: 
A gap of up to 16 us should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time

[bookmark: _Ref529738295]Self-contained COT HARQ A/N feedback and handling of end-of-COT PDSCH
Description:
Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial. HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy.

For a PDSCH scheduled towards the end of a COT:
· Issue #1: the UE would not have sufficient processing time for reporting HARQ feedback before the end of the COT (based on a certain assumption on UE processing capability #1 or #2)
· Issue #2: the processing time creates a gap during which the channel may be grabbed by another device and cannot be filled by other PDSCH (due to issue #1)

From the contributions submitted at RAN1#95, companies’ views are summarized below:

	Company(s)
	View/position

	Qualcomm
	Allow a mechanism to disable ACK transmissions corresponding to a DL grant at the slot specified by the PDSCH to HARQ ACK delay field
a. Explicit bit in the DCI that indicates UE to skip ACK transmission 
b. Reserve one of the delay values in the PDSCH to HARQ ACK delay field to indicate that ACK transmission has to be skipped

	Huawei
	Including a special value in PDSCH-to-HARQ-timing-indicator could be used to indicate the HARQ A/N feedback is not in the current COT

	Mediatek
	In principle, we are fine with Proposal 1. However, since multiple preconfigured/pre-indicated opportunities in time/frequency domain might be supported, we made some modifications in red on Proposal 1 as follows:

Proposal 1:
· Introduce a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that allows signaling that the timing(s) and resource(s) for HARQ-ACK feedback for the corresponding PDSCH will be determined later.

	Lenovo, Motorola Mobility
	One HARQ-ACK feedback timing value is configured in K1 set to indicate UE to suspend HARQ-ACK feedback

	InterDigital
	NR-U HARQ procedure should be updated such that indication are provided to UE to not transmit HARQ feedback for specific PDSCH resources. 

	Nokia
	Introduce a value indicating that HARQ feedback is transmitted on next COT, the actual transmission time is determined by the value indicated in the next COT.
Allow filling in the UE processing time gap with additional UL transmissions on PUSCH preceding the HARQ ACK transmission associated to the DL assignment. The additional UL transmissions could be pre-configured, e.g. for CSI reporting or SRS, and triggered by the DL assignment.

	Ericsson
	It is easier to achieve Self-contained COT using capability #2 UE. The gNB can accommodate for the PDSCH processing delay, by scheduling signals that do not require HARQ feedback between the last PDSCH reception and the scheduled feedback within the same COT, such as PUSCH, SRS, DMRS system information or other broadcast information.

	Panasonic
	In the same shared COT, it should be supported to fill the gap between the last DL transmission and the following first UL HARQ feedback. The gap can be filled by CSI-RS, the other PDSCH, CSI reporting, SRS, and the other PUSCH transmissions.

	Intel
	One method would be to fill the gap with DL signals, such as PDCCH/PDSCH for other UEs, or with pre-configured UL signals, such as CSI reporting or SRS.

	LG
	Apply smaller K1 values, LBT without back-off, and single TX starting symbol for the HARQ-ACK transmission

	Vivo
	Fast A/N feedback with self-contained operation using shared COT should be supported in NR-U. Aggressive DL processing timeline should be supported.

	Fujitsu
	Either a new DCI field or a specific value of PDSCH-to-HARQ-timing-indicator can be used to notify the UE that the feedback timing is not determined by current DCI




Offline agreement:
· Introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.


Offline agreement:
· It is beneficial to be able to support transmissions (e.g. CSI reporting or SRS, or other PUSCH, or CSI-RS, or other PDSCH) in the time between one DL data transmission for a UE and the corresponding UL transmission of DL HARQ feedback for the same UE within a shared COT.
· Potential enhancements for such type of operation, e.g. by possibly pre-configured or pre-determined uplink transmissions for reducing signaling overhead for these transmissions, may be beneficial.


Potential enhancements for supporting cross-COT HARQ A/N feedback and multiple opportunities for HARQ A/N transmission
Description:
HARQ feedback corresponding to PDSCHs of a channel occupancy could be reported outside of that channel occupancy. Furthermore, due to LBT failure at UE or misdetection of PUCCH at gNB, HARQ A/N transmission cannot always be guaranteed, so providing multiple opportunities for HARQ A/N feedback is considered.

Past Agreement:
· HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. These possible candidate solutions can be considered:
· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
· [bookmark: OLE_LINK1]Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Note: the alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH
· Study the impact of the above candidate solutions on the HARQ codebook


Some solutions proposed for cross-COT HARQ A/N feedback could also provide multiple opportunities for HARQ A/N transmission. Therefore, a single categorization of solutions for cross-COT HARQ A/N feedback and multiple opportunities for HARQ A/N transmission is proposed in this summary, as shown in the table below. Alt1, Alt2 and Alt3 are consistent with the agreement above. Alt4 and Alt5 are additional solutions for providing multiple feedback opportunities, which could be combined with any of Alt1, Alt2 or Alt3.

	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s), where the exact HARQ feedback timing is provided to the UE in another DCI in another COT than the DCI scheduling the PDSCH
	Alt1a: request/trigger reporting of missed HARQ feedback or feedback for earlier COTs, either along with other HARQ feedback reports (i.e. for all or subset of the HARQ processes), or only for the missed HARQ feedback

Alt1b: request/trigger reporting for a set of HARQ processes that satisfy the processing time requirement, either for all configured HARQ process (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 PUCCH or PUSCH 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
	If the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT, the UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy)
	Not if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain
	Possible, this can be combined with Alt1 or Alt2 or Alt3
	Multiple candidate PUCCHs in different BWPs or LBT subbands or carriers. This could also be considered for PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	Possible, this can be combined with Alt1 or Alt2 or Alt3
	Alt5a: Multiple candidate slots by providing multiple timings in PDSCH-to-HARQ-timing-indicator

Alt5b: Multiple candidate slots in a sliding window (e.g. with size configured by RRC)



The following table summarizes companies’ views from contributions submitted at RAN1#95.

	Company(s)
	View/position

	Huawei, HiSilicon
	For Alt 1, new fields in DCI could be used to trigger the feedback for PDSCH(s) from earlier COT(s), and indicates the number of PDSCH set(s) for which the HARQ-ACK feedback should be reported (dynamic HARQ-ACK codebook).
For Alt 3, including a special value in PDSCH-to-HARQ-timing-indicator could be used to indicate the HARQ A/N feedback is not in the current COT.
For Alt 4, multiple PUCCH resources should be distributed across multiple 20 MHz chunks (a chunk could be e.g. a carrier or a BWP or a subband of a large BWP).
For Alt5a: one PDSCH-to-HARQ-timing-indicator can provide a set of slots in which the PUCCH can be transmitted (e.g. in the same COT)

	LG
	Consider both “immediate” HARQ-ACK feedback (e.g. semi-static codebook based on bundling window or dynamic codebook based on DAI signalling) and “trigger-based” HARQ-ACK feedback (e.g. codebook based on DCI triggering).
Alt 1: triggering by DCI could request the HARQ-ACK feedback corresponding to a group of DL HARQ process IDs or a set of DL slots.
Alt 3: apply larger K1 values, back-off based LBT, provide multiple candidate TX starting symbols/slots for the HARQ-ACK transmission.

	ZTE
	Alt 2: once the UE performs LBT successfully, the untransmitted HARQ-ACK bits should be included
Alt 4, Alt5

	Vivo
	Alt 1: study scheme A (per COT feedback, which COT will be indicated) and scheme B (indicate HARQ ID (group) in each COT, and which COT will be indicated)
Alt 2: UE autonomously piggyback information for reporting HARQ-ACK feedback for PDSCH from earlier COT(s). The information includes, e.g., presence/absence of the UCI transmission from earlier COT(s) and etc.
Study mechanisms for multiple transmission opportunities for Msg 4 HARQ-ACK

	MediaTek
	· Support Alt 1a. It would be beneficial to adopt the same trigger-based mechanism to provide supplemental transmission opportunities for the unreported and missed HARQ feedbacks.
· Not support Alt 2. We have concerns on possible ambiguities of codebook size and resource selection between UE and gNB.
· Support Alt 3, which includes:
· If a HARQ-ACK feedback is pointed outside of the COT, it should still be considered as a valid UCI transmission that needs to follow the appropriate channel access mechanism.
· Introduce a default value providing for the PDSCH-to-HARQ-timing-indicator to indicate that HARQ-ACK feedback for the corresponding PDSCH(s) is pended.
· Support Alt 4. PUCCH transmission window in frequency domain allowing to share multiple candidate PUCCH resources across multiple unlicensed channels with multiple UEs by managing the transmission starting positions.
· Support Alt 5a. Introduce a new DCI field to indicate the slot timings for the transmission opportunities additional to the one indicated by the PDSCH-to-HARQ-timing-indicator.

Based on above proposals, we made some modifications in red on Proposal 3 as follows:

Proposal 3: Capture the table below in the TR for describing the potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback.


	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s), where the exact HARQ feedback timing(s) and resource(s) is provided to the UE in another DCI in another COT than the DCI scheduling the PDSCH
	Alt1a: request/trigger reporting of missed HARQ feedback(s) or feedback for earlier COT(s), either along with other HARQ feedback reports (i.e. for all or subset of the HARQ processes), or only for the missed/unreported HARQ feedback

Alt1b: request/trigger reporting for a set of HARQ processes that satisfy the processing time requirement, 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 PUCCH or PUSCH 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
	If the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT, the UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy)
	Not if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain
	Possible, this can be combined with Alt1 or Alt2 or Alt3
	Multiple candidate PUCCHs resources in different BWPs or LBT subbands or carriers for a PUCCH transmission. This could also be considered for PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	Possible, this can be combined with Alt1 or Alt2 or Alt3
	Alt5a: Multiple candidate slots opportunities provided by
o	Multiple slot timings in PDSCH-to-HARQ-timing-indicator
o	A new DCI field to indicate the slot timings for the transmission opportunities additional to the one indicated by the PDSCH-to-HARQ-timing-indicator.

Alt5b: Multiple candidate slots in a sliding window (e.g. with size configured by RRC)





	Lenovo, Motorola Mobility
	Both Alt 1a and Alt 3, and Alt 5b
For Alt3, one HARQ-ACK feedback timing value is configured in K1 set to indicate UE to suspend HARQ-ACK feedback

	Nokia 
	Alt 1: for explicitly pulled HARQ feedback, support HARQ-ACK codebook covering all HARQ processes as well as a codebook covering a portion of HARQ processes. HARQ feedback grouping by group ID in PDSCH scheduling DCI.
[bookmark: OLE_LINK3]Alt 3: HARQ feedback timing indication is enhanced to support dynamic codebook determination across COTs, e.g. by introducing a value indicating that HARQ feedback is transmitted on next COT, the actual transmission time is determined by the value indicated in the next COT.
In addition, a mechanism of early retransmission without waiting for HARQ feedback transmission on the separate COT shall be studied

	Sony
	Alt2: Opportunistic PUCCH transmission in multiple PUCCH resources in time domain
Alt4: Opportunistic PUCCH transmission in multiple PUCCH resources in frequency domain

	AT&T
	Alt 4 and Alt 5 where additional HARQ A/N resources can be multiplexed in the time as well as frequency domain.
DTX is only declared if the gNB does not receive HARQ A/N on any of the configured resources.

	Intel
	Alt 1, where the HARQ feedback is in the same COT with the transmission of the HARQ-ACK triggering
Alt 4, with configuring secondary PUCCH resource in frequency and/or time

	Samsung
	Alt 1 and Alt5b are not mutually exclusive
Alt 5a, where more than one PUSCHs can be chosen to carry HARQ-ACK, or the single PUSCH with higher transmission opportunity can be chosen

	OPPO
	Preconfigured/pre-indicated multiple opportunities where UCI should be transmitted on multiple time-domain transmission occasions after LBT is passed. UCI should be transmitted on one frequency occasion if multiple frequency occasions are available for the same time. No need to configure multiple UCI transmission occasions for no-LBT case. The indication of HARQ timing in later DL grant can override the previous indication

	Spreadtrum
	Alt 3: introduce a coarse HARQ-ACK feedback timing indication for PDSCHs to be fed back in a separate COT, e.g. COT-level HARQ-ACK feedback timing indication 
For Alt1, DCI signaling triggering feedback for PDSCHs from earlier COT(s) should be further studied.

	Sharp
	Alt 1: Support triggering based HARQ feedback for a fixed or explicitly signaled set of HARQ processes with a fixed or signaled HARQ-ACK codebook size.
Support triggered-grant for like eLAA PUSCH scheduling, in order to improve HARQ-ACK multiplexing among UEs reporting HARQ-ACK feedback of PDSCHs from an earlier COT.

	InterDigital
	Alt 1: gNB could indicate the possibility of PUCCH resource in the next COT
Alt 3: Indication can be provided to UE to not transmit HARQ feedback for specific PDSCH resources, and gNB could indicate the possibility of PUCCH resource in the next COT
Preconfigured/pre-indicated multiple opportunities needs to be evaluated considering efficiency and effectiveness
Support on-demand reporting of HARQ-ACK status for a set of HARQ processes

	Qualcomm
	Alt 4: UE can be given a list of HARQ ACK feedback resources on different LBT subbands, where UE can do independent LBT on each of these subbands. Rules on which subband to pick if multiple subbands pass LBT can also be specified or left to UE implementation.

Alt 1b: group HARQ ACK feedback triggering with 3 types of DCI, where HARQ process IDs are determined based on a window or a bitmap:
· In DL PDCCH grant
· In UL grant
· In separate DCI, either UE-specific DCI or common DCI

NRU also supports indicating the ACK delay field in a DL PDCCH grant.

	Ericsson
	Alt3, which includes both:  
· PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB initiated COT, which is not different from the existing NR behavior. 
· Possibly consider, indicating a reserved value for PDSCH-to-HARQ-timing-indicator. The actual transmission time of the HARQ feedback is determined by first subsequent DL scheduling DCI with a valid value for PDSCH-to-HARQ-timing-indicator. 

Alt 1a: Defer PUCCH transmission to next indicated occasion, with dynamic HARQ codebook, using NFI field in DCI to indicate whether the expected HARQ-ACK feedback(s) from the UE was correctly received by the gNB or not. A toggled NFI field indicates that the HARQ-ACK occasion(s) was received by the gNB, otherwise (NFI field not toggled) the UE will include the previous HARQ-ACK bits in the next HARQ-ACK reporting occasion.

Alt 1b (only as a possible fallback scheme): triggering the feedback for all configured HARQ process ((e.g. when the eNB fails to receive any feedback for some time).

	Charter 
	Alt 1, 2, 3

	NTT Docomo
	Alt 1, 4

	Xiaomi
	Multiple HARQ transmission opportunities in time and frequency domain should be supported

	CAICT
	Alt 3, Alt1
Alt 5b based on PDSCH-to-HARQ-timing-indicator enhancements
Alternatively, enhance HARQ feedback by including HARQ process ID or other assistant bits in ACK/NACK feedback

	KT
	Support preconfigured/pre-indicated multiple opportunities and triggering additional opportunities

	Fujitsu
	Alt 1: Either a new DCI field or a specific value of PDSCH-to-HARQ-timing-indicator can be used to notify the UE that the feedback timing is not determined by current DCI. The HARQ A/N from earlier COT(s) can be transmitted by either independent HARQ A/N codebook or joint HARQ A/N codebook with that from current COT.

	Panasonic
	Alt 1: the request/trigger should be contained within the requested/triggered COT. Study DCI overhead and HARQ codebook determination.



[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Several companies who proposed Alt 1 also proposed to at least support a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that allows indicating that HARQ-ACK feedback for the corresponding PDSCH is not scheduled to be reported within the same COT as the PDSCH, and the exact timing will be indicated to the UE at a later time. A corresponding proposal is made in section 2.1.


[bookmark: _GoBack]Proposal 3: Capture the table below in the TR for describing the potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback.


	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

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

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

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

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

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

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

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





HARQ codebook size determination
Description: potential enhancements to semi-static and dynamic HARQ codebook for the cases where a UE reports HARQ-ACK feedback for missed HARQ-ACK feedback in case of LBT failure for HARQ-ACK feedback, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of aggregation of HARQ-ACK feedback corresponding to PDSCHs in multiple COTs.

Schemes:
· Semi-static HARQ ACK codebook
· Dynamic HARQ ACK codebook

The following table summarizes the alternatives that companies proposed to continue studying in their contributions.

	Company(s)
	View/position

	Huawei, HiSilicon
	[bookmark: OLE_LINK33]Semi-static codebook and dynamic codebook
For dynamic codebook, indicate the number of PDSCH sets to be reported with a new DCI field S

	LG
	Semi-static codebook and dynamic codebook, with dynamic switching between 3 types HARQ codebooks, including codebook based on DAI (with increased number of bits), codebook based on bundling window, and codebook based on DCI-triggered feedback. 

	ZTE
	Semi-static codebook and dynamic codebook
For dynamic codebook, enhanced DAI to indicate the accumulated unacknowledged PDSCH(s)

	Vivo
	For dynamic codebook: request/trigger HARQ-ACK feedback from earlier COT(s) based on the indicated HARQ processes ID encoded in HARQ process ID group for overhead reduction. HARQ-ACK codebook size based the number of configured HARQ processes.

	MediaTek 
	For the first bullet of Proposal 4, the case that HARQ-ACK feedback for earlier COT(s) should be also considered, some modifications are made. Moreover, we would like to add two possible enhancements in Proposal 4. The revised proposal is shown as follows (modifications are made in red):

Proposal 4:
· If NR-U allows the gNB to request/trigger HARQ-ACK feedback for PDSCH from earlier COTs with a DCI scheduling PDSCH, then DCI signaling enhancement is necessary for aligning the dynamic HARQ codebook between UE and gNB.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Such type of operation allows reporting missed/unreported HARQ-ACK feedback while aligning the dynamic codebook in case of LBT failure for HARQ-ACK feedback, or in case of HARQ-ACK feedback for earlier COT(s), or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE.
· If NR-U allows the UE to autonomously report HARQ-ACK feedback from earlier COTs, then additional information about HARQ processes (e.g. corresponding to PDSCH from earlier COTs that are reported in PUCCH or PUSCH along with the HARQ-ACK feedback) is necessary for aligning the dynamic HARQ codebook between UE and gNB
· Such type of operation allows reporting missed HARQ-ACK feedback while aligning the dynamic codebook in case of LBT failure for HARQ-ACK feedback.
· A possible enhancement for semi-static HARQ codebook is to define the semi-static HARQ codebook based on the configured HARQ processes.
· A possible enhancement for semi-static HARQ codebook is to define the semi-static codebook based on COT size in both time domain and frequency domain.
· A possible enhancement for dynamic HARQ codebook is to support larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions.

	Lenovo, Motorola Mobility
	Semi-static codebook and dynamic codebook

	Nokia
	Semi-static codebook and dynamic codebook 
For dynamic codebook: HARQ feedback grouping by group ID to reduce DCI overhead for pulled HARQ-ACK feedback design

	Intel
	Semi-static codebook and dynamic codebook

	Samsung
	Semi-static codebook and dynamic codebook, with enhancement to avoid HARQ-ACK codebook size ambiguity (for dynamic codebook) and HARQ-ACK value ambiguity caused by HARQ-ACK DTX or PDSCH DTX detection error (for semi-static codebook)

	OPPO
	Semi-static codebook based on COT size. The codebook can be further restricted by the number of HARQ processes.
Dynamic HARQ-ACK codebook where codebook is determined based on the minimum value between the size of COT(s) and HARQ processes.

	Spreadtrum 
	Enhanced semi-static codebook based on two sub-codebooks for two COTs. For the sub-codebook corresponding to former PDSCHs, the number of occasions for candidate PDSCH receptions or the number of slots for candidate PDSCH receptions can be configured by RRC signaling.

Consider enhancements for semi-static and dynamic codebooks

	InterDigital
	Dynamic codebook with modified attributes to accommodate LBT failure consequences. Semi-static codebook as in baseline NR should be supported.

	Qualcomm
	Semi-static codebook: supported, enhanced by defining the semi-static codebook based on the configured HARQ processes
Dynamic codebook: a new field in the DCI can indicate the max delay for the ACK feedback, and additionally indicating whether the feedback should include ACK feedback for all detected DL grants that are in the window or only include the detected DL grants that point to this slot

	Ericsson
	Dynamic codebook: support larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions

	NTT Docomo
	Further study including new scheme. Dynamic codebook introduces many DAI errors due to successive PDCCH misdetection but semi-static codebook has large overhead due to more bits for the PDSCH-to-HARQ-timing-indicator.

	CAICT
	Dynamic codebook with enhancements

	Panasonic
	How to determine HARQ codebook size needs further discussion



Conclusion: no need to agree on the support of semi-static codebook since this is already supported in Rel-15.

Proposal 4:
· If NR-U allows the gNB to request/trigger HARQ-ACK feedback for PDSCH from earlier COTs with a DCI scheduling PDSCH, then DCI signaling enhancement is necessary for aligning the dynamic HARQ codebook between UE and gNB.
· Such type of operation allows reporting missed or unreported HARQ-ACK feedback while aligning the dynamic codebook in case of LBT failure for HARQ-ACK feedback, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback for earlier COT(s).
· If NR-U allows the UE to autonomously report HARQ-ACK feedback from earlier COTs, then additional information about HARQ processes (e.g. corresponding to PDSCH from earlier COTs that are reported in PUCCH or PUSCH along with the HARQ-ACK feedback) is necessary for aligning the dynamic HARQ codebook between UE and gNB
· Such type of operation allows reporting missed HARQ-ACK feedback while aligning the dynamic codebook in case of LBT failure for HARQ-ACK feedback.
· A possible enhancement for semi-static HARQ codebook is to define the semi-static HARQ codebook based on the configured HARQ processes.

[bookmark: OLE_LINK8]LBT related aspects for HARQ feedback
Description: 
Discussion on channel access procedure for HARQ-ACK feedback transmission over PUCCH or PUSCH, which type of LBT should be allowed under which conditions. This discussion also addresses the number of DL/UL switch points to be allowed within one shared COT.


Agreement (RAN1#94bis):
· A gap of up to 16 us should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time

Considered LBT categories:
· no LBT 
· Cat 2 LBT
· Cat 4 LBT

From the contributions submitted at RAN1#95, companies’ views are summarized below:

	Company(s)
	View/position

	ZTE
	Apply higher-priority channel access category for UCI transmission, or no need to perform LBT if the gap between DL and the HARQ-ACK transmission is less than 16us

	Vivo
	One shot LBT or no LBT is performed at the UE side before the UL transmission for the shared MCOT case

	Nokia
	Support all 3 LBT categories
No LBT and Cat2 LBT procedure are supported for HARQ feedback on PUCCH within shared COT.
Cat4 LBT procedure is supported for HARQ feedback on PUCCH outside shared COT.

	Sony 
	Support all 3 LBT categories
Within COT, no LBT should be applied if gap between DL and UL is less than or equal to 16 usec and UE supports such fast processing, otherwise LBT category 2 should be applied
Outside shared COT, LBT category 4 with channel access priority class 1 should be applied

	Sharp 
	Support all 3 LBT categories

	Samsung 
	Support all 3 LBT categories
25us LBT or no LBT can be supported within the MCOT, extending HARQ-ACK timing bit field in DCI together with larger value rage of K1, and at least channel access priority type 1 can be supported for HARQ-ACK only transmission in a separate COT for short and long PUCCH (of few symbols).

	OPPO
	The gap between DL burst and UCI transmission should be kept to less than 16us as much as possible

	Ericsson
	Support all 3 LBT categories.
A gap of 16 us should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time. In this case no LBT is needed 
Cat2 LBT procedure is supported for HARQ feedback on PUCCH within shared COT, if the gap is larger than 25us.
Otherwise, if the transmission is outside gNB initiated COT, CAT4 is used. 

	NTT Docomo
	LBT mechanism for TDMed UL transmissions for same/different UEs within a COT should be studied, considering the issue of PDCCH misdetection for PUCCH/PUSCH transmission

· RAN1 should down-select from following options regarding TDMed UL transmissions:
· Option 1: Completely flexible TDMed UL transmissions
· Option 2: TDMed UL transmissions by one UE
· Option 3: No TDMed UL transmissions scheduled by multiple DCIs
· LBT mechanism for transmission following other transmission within a same COT should be concluded based on the above down-selection.
· No LBT with less than 16 μsec. time-gap can be baseline to keep TxOP.
· PDCCH misdetection for PUCCH/PUSCH transmission should be considered.


	Lenovo, Motorola Mobility
	Support all 3 LBT categories


	InterDigital
	Support all 3 LBT categories. 
NR-U should take advantage of the regulatory allowance for transmission with no-LBT for gaps shorter than 16µs and with LBT Cat-1 for gaps shorter than 25µs at least for transmission of PUCCH.

A UE should be allowed to transmit a PUCCH resource subject to LBT Cat-1 or Cat-2 as long as the downlink transmission before the PUCCH resource is up to 16µs and 25µs respectively.

For accumulated HARQ feedback, higher-priority LBT category should be allowed or to prioritize in CWS procedure.  

	Panasonic
	Supporting no LBT and cat-2 LBT could be sufficient for PUCCH. PUCCH is sent only gNB-initiated COT

	MediaTek
	Support all 3 LBT categories




Proposal 5:
· Allow LBT Cat1 and Cat2 as channel access procedures for HARQ-ACK feedback transmission over PUCCH or PUSCH within a shared COT. LBT Cat 1 only applies when the gap between the end of the DL transmissions from the gNB and the start of the UL transmission by the UE is not larger than 16 µs.
· Only allow LBT Cat4 as channel access procedure for HARQ-ACK feedback transmission over PUCCH or PUSCH for a UE-initiated COT. It is beneficial to allow a higher channel access priority for PUCCH carrying only HARQ-ACK feedback.

Cross carrier retransmission
From the contributions submitted at RAN1#95, companies’ views are summarized below:

	Company(s)
	View/position

	Huawei, HiSilicon
	Cross-carrier HARQ retransmissions should be supported in NR-U especially when the transmission spans the whole bandwidth of the component carrier

	Vivo
	Cross carrier HARQ can be considered in the standalone operation in the unlicensed spectrum

	Nokia
	Benefits from cross-carrier HARQ retransmissions should be carefully assessed against HARQ retransmissions on BWP covering multiple sub-bands of 20 MHz

	ITRI
	At least for the NR-U standalone scenario, cross-carrier HARQ could be considered, and the corresponding impact on the number of HARQ processes needed

	Qualcomm
	No need to support cross carrier HARQ re-transmissions (low probability event since HARQ feedback can often be provided within the shared COT, no clear benefits)

	DOCOMO
	Study on cross-carrier re-transmission is necessary for NR-U. RAN1 should conclude the necessity of cross-carrier re-transmission for NR-U

	KT
	Cross-carrier retransmission of data channel can be considered when CA including NR-U cells is configured.

	Lenovo, Motorola Mobility
	Share the view with Qualcomm.

	MediaTek
	No significant benefit from cross-carrier HARQ retransmissions is observed for NR-U operation, especially when a carrier already spans multiple 20MHz subbands

	Ericsson
	Share the view with Qualcomm

	Samsung
	The additional gain of cross-carrier re-transmission on top of re-transmission over different sub-bands/BWPs is not very clear. Furthermore, joint processing among multiple CCs for cross-carrier transmission requires tremendous standard work in both RAN1 and RAN2, and in turn complicates SW implementation at both UE and gNB side



Support for cross-carrier re-transmission: 4
Study cross-carrier re-transmission: 2
Against introducing cross-carrier re-transmission: 6


Proposal 6: 
· Develop a TP summarizing the potential benefits, drawbacks and specification impact of cross-carrier and cross-numerology retransmissions for the standalone case and for the LAA/CA case.


[bookmark: OLE_LINK2]Scheduling

Past Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U
Multiple TTIs scheduling

Here TTI means PUSCH or PDSCH duration.

The following schemes are summarized based on the contributions submitted at RAN1#95.

Alternatives:
· Scheme 1 (already agreed): for scheduling multiple TTIs for PUSCH using a single UL grant:
· Scheme 1a: same TB
· One TB rate-matched across all TTIs
· Same TB with different RV in different TTIs (as in Rel-15 NR)
· Scheme 1b: different TBs
· Scheme 2 (identified as beneficial): Scheduling multiple TTIs with different TBs for PUSCH using multiple UL grants in the same PDCCH monitoring occasion
· Scheme 3: for scheduling multiple TTIs for PDSCH using a single DL assignment
· Scheme 3a: same TB (supported in Rel-15)
· Scheme 3b: different TBs
Contributions did not directly propose a maximum value for the number of multiple scheduled TTIs with a single UL grant, including for the case where a single TB is mapped to the multiple TTIs.

From the contributions submitted at RAN1#95, companies’ views are summarized below:

	Company(s)
	View/position

	ZTE
	Consider both Scheme 1a and Scheme 2, with different TBs in different TTIs (as in LTE eLAA)

	LG
	Scheme 1: flexible starting/duration and various DMRS pattern (symbol) for PUSCH transmission in design of multi-TTI scheduling for PUSCH by using a single UL grant in NR-U

	Lenovo, Motorola Mobility
	Scheme 1b, only time-contiguous transmission is allowed for UL multi-TTI scheduling


	Intel
	Scheme 1, limited to scheduling multiple consecutive TTIs, and maximizing common DCI fields for the multiple TTIs

	Samsung
	Scheme 1b & Scheme 2: support both scheduling multiple slots for PUSCH using a single UL grant (multi-slot PUSCH with different TBs, e.g., to support separate NDI/RV indication and CBG indication) or using a separate UL grant in the same PDCCH monitoring occasion should be supported for NR-U
Keep 16 as the maximum number of HARQ processes

	Nokia
	Scheme 1b: multi-TTI PUSCH scheduling with a single UL grant with different TB(s) in each TTI supports Type B PUSCH mapping for flexible PUSCH starting points
Multiple transmission opportunities for PUSCH scheduled with a single UL grant are considered to improve channel access probability
To support flexible BWP operation and flexible starting points with acceptable number of HARQ processes, further enhancements shall be addressed for multi-TTI PUSCH scheduling
UL cross-carrier cross-numerology scheduling from a licensed-band NR cell with multi-TTI scheduling 

	OPPO
	Scheme 1a: single grant to schedule a single TB over multiple slots at least for larger SCSs, with the TB(s) rate matched jointly across the multiple allocated slots. The maximum length of multiple TTIs can be explicitly configured by gNB or implicitly determined based on the SCS.

Keep 16 as the maximum number of HARQ processes

	Ericsson
	Scheme 1b, with enhancements for indicating PUSCH time resources in case of multi-slot scheduling. Support multi-slot and multi-mini-slot scheduling (but only within one slot).
Scheduling one TB across different TTIs is not supported for NR-U.

	Qualcomm
	Scheme 1a and Scheme 3a: allow a single grant to schedule a single TB over multiple slots, with the TB size scaling proportionally with the number of slots and the TB should be rate-matched over multiple slots (rather than rate-matched for one slot and repeated over multiple slots which may have link-level performance losses). This can avoid the need to increase the number of HARQ processes. Multi-TTI UL grants should support mini-slots in the initial portion.

It is beneficial to increase the number of bits in the UL PUSCH time domain resource assignment field (is it about increasing the largest value of aggregationFactorUL?).

Is Qualcomm proposing to apply the same scheme for PDSCH, or to follow Rel-15 PDSCH mapping with repetitions and different RV in different TTIs?

Keep 16 as the maximum number of HARQ processes.

	Sharp
	Scheme 1b

	Xiaomi
	Scheme 1b
Multiple TTI scheduling for PDSCH can also be supported to save the control signaling overhead especially for the PDSCH transmission on the initial partial slot

	CAICT
	Scheme 1b: the design of the first slot in scheduling multiple TTIs for PUSCH using a single UL grant could be different from the following slot(s).

	DOCOMO
	Scheme 1b

	Panasonic
	Schemes 1a (Same TB with different RV in different TTIs as in Rel-15 NR) and 1b
For scheduling multiple TTIs for PUSCH using a single UL grant in NR-U, one TB allocation per TTI should be supported as well as one TB allocation across TTIs. FFS how to determine TB in case one TB allocation across TTIs



Proposal 7:
· Multi-TTI PUSCH scheduling is supported at least for multiple consecutive TTIs
· If NR-U allows scheduling single TB using a single UL grant in multiple TTIs, then the multiple PUSCHs are always continuous in time.
· If NR-U allows scheduling multiple TBs using a single UL grant in multiple TTIs, then NR-U supports are least scheduling multiple PUSCHs continuous in time with a single LBT.
· If NR-U allows scheduling multiple TBs using a single UL grant in multiple TTIs, further study on LBT is needed for the case where PUSCHs in consecutive TTIs are not continuous in time, and for the case where PUSCHs are not in consecutive TTIs.
0. 2-stage grant
Background: in FeLAA the eNB can send a 2-stage UL grant, where the second grant is a common for multiple UEs.
Supported by: Qualcomm, Sharp
Proposal 8:
· Continue discussing the proposals of two-stage grant where a first grant gives the parameters necessary for PUSCH transmission preparation and a second grant provides the trigger for PUSCH transmission.
· Note that there is some related discussion for msg3 transmission in the initial access session.

CBG based HARQ and Scheduling
[bookmark: OLE_LINK4]Supported by: Huawei, HiSilicon, LG, Qualcomm, Samsung, InterDigital, Panasonic

Summaries of companies’ views:
· Qualcomm: Multi-TTI grants should support CBG based retransmissions, while reducing the DCI size of multi-TTI grant with CBG based retransmissions. Group HARQ-ACK feedback should support CBG level ACK/NACK feedback, with compression schemes to reduce the ACK feedback overhead for CBG based group HARQ ACK feedback.
· Huawei, HiSilicon, InterDigital: enhancements are needed for taking into account CBG-based HARQ feedback in the CWS adaptation.

Conclusion: no need for agreement to support CBG-based HARQ is needed since it is supported by Rel-15 NR.

Proposal 9: 
· In case of CBG-based HARQ and LBT category 4, enhancements are needed for defining how to adjust the contention window size (CWS) based on TB-level HARQ-ACK and CBG-level HARQ-ACK.
· Continue the discussion on:
· How CBG-based HARQ feedback is used for CWS adaptation at gNB 
· Multi-TTI grants with CBG based transmissions and retransmissions
· Whether solutions proposed for multiple HARQ feedback transmission opportunities with TB-based HARQ feedback can directly work with CBG-based HARQ feedback
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