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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper summarizes potential issues on NR-U HARQ enhancement in RAN1#94. 
· 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

Feedback timing

Description:
Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial. But there are still some cases where HARQ A/N should be transmitted in a separated COT.

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

Alternatives:
· Case 1: HARQ feedback in self-contained COT
· Case 2: HARQ feedback in cross COT transmission
· Case 3: HARQ feedback in self-contained slot

From the submitted contributions, companies did not explicitly express views to preclude any of the cases above, but focused on specific cases where enhancements maybe needed for preferred cases. It is proposed to focus on identifying potential enhancements needed for the cases above rather than precluding cases.


	Company(s)
	View/position

	[bookmark: _Hlk522472824]Huawei
	Case 1&2

	Vivo
	Case 1&2&3

	MediaTek 
	Case 1

	ZTE
	[bookmark: OLE_LINK27][bookmark: OLE_LINK28]No details

	Sony 
	Case 1&2

	NEC
	Case 1&2&3

	CATT
	No details

	LG
	Case 1 (immediate HARQ-ACK feedback type)
Case 2 (pending/pooling HARQ feedback type)

	Lenovo
	No details

	Intel
	No details

	Samsung
	Case 1&2

	Spreadtrum
	Case 2

	Nokia
	[bookmark: OLE_LINK29]Case 1&2

	OPPO
	Case 1

	AT&T
	No details

	InterDigital
	Case 1&2

	ITRI
	No details

	Ericsson
	[bookmark: _Toc521669245]Case 1 (capability #2 UE and PUCCH with frontloaded DMRS), case 2

	CAICT
	Case 1&3

	KT
	Case 1 

	Qualcomm
	Case 1 (gNB may choose a frame structure that has just one switch from DL to UL)




Proposal: 
· Enhancements should target at least the case where PDSCH and the corresponding HARQ feedback are in the same shared COT, in order to minimize the probability that HARQ feedback has to be delayed to a later COT (while not precluding it), and allow gNB to request HARQ feedback from a previous COT.

Multiple opportunities for HARQ A/N transmission
Description:
Due to LBT failure at UE or misdetection of PUCCH at gNB due to interference, HARQ A/N transmission cannot always be guaranteed. Multiple opportunities for HARQ A/N feedback are discussed.

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

When HARQ feedback from a UE is subject to LBT, in order to increase the probability for UE to send the HARQ feedback (in case of LBT failure or due to collisions with transmissions from a hidden node), several alternatives replying on enhanced signaling for HARQ feedback and enhanced HARQ codebook were discussed:

Category 1: multiple opportunities configured/signaled in advance with pre-defined transmission rule
· Alt1: The PDSCH-to-HARQ-timing-indicator in DCI is extended to provide multiple timings in multiple slots (corresponding to different CCAs from the UE) in which the same HARQ feedback can be transmitted within the same shared COT, and the PDSCH-to-HARQ-timing-indicator is extended to support indicating timings up to the end of the longest COT allowed by regulations.
· Alt2: Allow the UE to aggregate missed HARQ feedback reports with other HARQ feedback reports that are scheduled to be transmitted in the next available slot (in the same or next COT) by a PDSCH-to-HARQ-timing-indicator in a DCI. The missed HARQ feedback reports correspond to a certain time window.
· [bookmark: OLE_LINK30]Alt3: Multiple HARQ feedback resources multiplexed in different subbands (e.g., BWP) or carriers (corresponding to different CCAs from the UE) can be provided for the same PDSCH-to-HARQ-timing-indicator, with rules to determine on which subband the UE will report the feedback

Category 2: explicitly triggered opportunities
· Alt4: gNB triggers HARQ feedback in slot n on a specific component carrier (e.g. a carrier with a light load)
· [bookmark: OLE_LINK12]Alt5: A HARQ feedback trigger in a DCI that triggers the UE to transmit the HARQ feedback bits for all configured HARQ processes, in addition to extending the PDSCH-to-HARQ-timing-indicator to support indicating timings up to the end of the longest COT allowed by regulations
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Alt6: A HARQ feedback trigger in a DCI for some HARQ processes (using enhanced DAI to indicate windows for which HARQ feedback is yet unreported, or indicating HARQ process IDs explicitly), which triggers the UE to transmit the HARQ feedback bits for the signaled HARQ processes.
· Alt7: A toggle bit (new feedback indicator (NFI)), in the DCI scheduling PDSCH to indicate whether the earlier scheduled HARQ feedback from the UE was received by the gNB or not, which allows the UE to aggregate missed HARQ feedback reports with new HARQ feedback reports that are scheduled to be transmitted by the DCI.

Other methods
· Alt8: Early re-transmission scheduled by UL grant without waiting for HARQ feedback on a separate COT
· Alt9: Apply a higher-priority channel access category for UCI transmission
· Alt10: Delay or turn off HARQ feedback for certain PDSCH

For the methods above, the size of HARQ feedback codebook expected by the gNB and the one reported by the UE should be aligned.

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

	Company(s)
	View/position

	Huawei
	Alt 1, 2, 3, 6

	Vivo
	Alt 2, 6

	MediaTek 
	Alt 1, 2, 3, 5 or 6

	ZTE
	Alt 1, 2, 9

	Sony 
	Alt 1, 2

	NEC
	Alt 1, 2, 5, 6

	CATT
	Alternatives based on dynamic HARQ-ACK feedback timing, and Alt 4

	LG
	Alt 5 or 6

	Lenovo
	Alt 4 + Alt 1 or 2

	Intel
	Alt 3, also Alt 1 or 2

	Samsung 
	Alt 1/2, 3, 5/6, 9 (at least for UCI only in a separate COT)

	Spreadtrum
	Alt 1 or 2

	Nokia
	Alt 1, 8

	OPPO
	Alt 1 or 2, Alt 3

	AT&T
	Alt 1 or 2 or 3

	InterDigital
	Alt 2, 6, Alt 9 (when HARQ feedback for many TBs is delayed)

	ITRI
	Alt 3

	Ericsson
	Alt 7

	CAICT
	Alt 1

	KT
	Alt 1

	Qualcomm
	Alt 5



Proposal:
· Continue discussing and comparing the methods. Note that methods are not necessarily mutually exclusive. 

HARQ codebook size determination
Alternatives:
· Alt1: semi-static HARQ ACK codebook
· Alt2: dynamic HARQ ACK codebook
· Alt3: bitmap based codebook whose size can be semi-statically configurable

The following table summarizes the alternatives that companies proposed to continue studying in their contributions.
	Company(s)
	View/position

	Huawei
	Alt1&Alt2 
For Alt2, enhanced DAI mechanism should be supported

	MediaTek 
	Alt 2

	Lenovo, Motorola
	Alt 1&2

	Intel
	Alt 3, Alt 2

	Samsung
	Discussed all alternatives

	Spreadtrum 
	Alt 1&2

	Nokia
	Alt 1&2
Codebook based on HARQ process ID is used as a starting point for pulled HARQ-ACK feedback design

	OPPO
	Alt 1&2
Semi-static HARQ-ACK codebook based on the size of COT can be considered

	Ericsson
	Alt 2
Support larger DAI field

	Qualcomm
	Alt1
To avoid increasing the number of ACK bits in every feedback a new field in the DCI can indicate the max delay to consider for the ACK feedback



Proposal:
· Continue the study assuming dynamic HARQ codebook as starting point.

LBT related aspects for HARQ feedback
Description: 
Discussion on channel access procedure for HARQ-ACK feedback transmission over PUCCH or PUSCH.

Alternatives:
· Alt1: no LBT 
· Alt2: Cat 2 LBT
· Alt3: Cat 4 LBT

	Company(s)
	View/position

	Sony 
	Without LBT for HARQ-ACK feedback would be beneficial when the HARQ-ACK for the corresponding data in the same shared COT

	LG
	Consider differentiation on dynamic HARQ timing, CAP operation (e.g. LBT type), and candidate TX starting symbol(s) according to the relationship between COT structure and HARQ related transmission based on the COT in NR-U. Consider how to adapt CWS for PUCCH carrying HARQ feedback.

	Lenovo
	Alt2 with at least 25us LBT

	Samsung 
	[bookmark: OLE_LINK26]Alt 1 or Alt 2: 25us LBT or no LBT can be supported within the MCOT, and at least channel access priority type 1 can be supported for HARQ-ACK only transmission in a separate COT

	InterDigital
	Alt 1&2, as long as the downlink transmission before the PUCCH resource is less than 25µs
A UE should be allowed to transmit PUCCH with a higher-priority LBT category if the UE has accumulated HARQ feedback for many TBs
Alt3 (in a COT starting with UL)

	Ericsson
	Alt 1: if the gap between DL and the immediate following UL transmission is less than or equal to 16us

	CAICT
	Alt 1&2
A/N feedback without LBT should be considered when a UE could not get channel access opportunities after a predefined period

	Qualcomm
	Alt 1&2



Proposal:
· Allow LBT Cat1, Cat2 and Cat4 as channel access procedure for HARQ-ACK feedback transmission over PUCCH or PUSCH, depending on conditions (time gap between DL and UL, COT starting with UL, etc).

Cross carrier retransmission

	Company(s)
	View/position

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

	Vivo
	The HARQ retransmission can be at any available carrier, including a carrier with a different subcarrier spacing

	Nokia
	Cross-carrier and cross-numerology HARQ scheduling and feedback

	ITRI
	At least for the NR-U standalone scenario, cross-carrier HARQ could be considered

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



Proposal: 
· Study enhancements needed for supporting cross-carrier and cross-numerology HARQ scheduling and feedback in unlicensed band.


[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

Alternatives:
· Alt 1: Scheduling multiple TTIs for PUSCH using a single UL grant
· Alt1a: same TB
· Alt1b: different TBs
· Alt 2: Scheduling multiple TTIs with different TBs for PUSCH using multiple UL grants

	Company(s)
	View/position

	ZTE
	Continue studying both Alt 1&2
Alt2 requires several DCIs to be transmitted to the UE in one DL slot

	LG
	Alt 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

	Intel
	Alt1, limited to scheduling multiple consecutive slots and maximizing common DCI fields

	Samsung
	Alt1 & Alt2

	Nokia
	Alt1
also cross-numerology scheduling
Cross-carrier scheduling from a licensed-band NR cell should be supported in NR unlicensed. In the case of NR LAA, the licensed band scheduling carrier may use lower SCS than the unlicensed band scheduled carrier

	OPPO
	Alt 1a
single grant to schedule a single TB over multiple slots at least for larger SCSs

	Ericsson
	Alt 1
[bookmark: _Toc521718935]NR should support multi-slot as well as multi-mini-slot scheduling. 
[bookmark: _Toc521718936]Minimize the DCI overhead in case of multi-mini-slot scheduling by limiting the multi-mini-slot scheduling grant to schedule mini-slots in one slot. 

	Qualcomm
	Alt 1a
Allow a single grant to schedule a single TB over multiple slots, with the TB(s) rate matched jointly across the multiple allocated slots. Multi-TTI grants should also support CBG based retransmissions, and mini-slots in the initial portion.


	AT&T
	Alt. 1a [15]



Proposal:
· For NR in unlicensed band, scheduling multiple TTIs for PUSCH can be done using a single UL grant.
· Continue studying the detailed design, including the structure of the multiple TTIs for PUSCH, DCI design, same or different TBs, etc.

Handling of end-of-COT PDSCH

Description: 
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)

Alternatives

Alt1: disable ACK feedback for a PDSCH if the earliest feedback opportunity would fall outside the (maximum) COT duration (note: HARQ feedback for that PDSCH may be requested in a later COT)
Alt2: minimize the instances of a PDSCH without HARQ feedback by reducing the delay between UL grant and PUSCH, e.g. with a 2-stage grant mechanism where the UE would prepare based on the first grant then send the PUSCH when instructed to by the second grant
Alt3: fill 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.


	Company(s)
	View/position

	Qualcomm
	Alt1, Alt2

	InterDigital
	Alt1

	Nokia
	Alt3




Proposal:
· Continue to study this issue

CBG based HARQ and Scheduling
Supported by: Spreadtrum, Samsung, Huawei, LG Electronics, Qualcomm
Proposal:
· Support CBG-based HARQ and scheduling for NR in unlicensed band.

Other issues raised in agenda 7.2.2.4.3  

A few proposals were submitted under agenda 7.2.2.4.3 for the lack of a better agenda, although these proposals are not directly related to HARQ and scheduling enhancements. For the sake of completeness, these additional proposals are listed here for further discussion.
Document [15] proposed the following enhancements:
· A UE may be configured with several BWPs for UL transmission and DL reception. On which BWP a DL or UL transmission will actually happen depends on the outcome of the clear channel assessment
· L1 based (de)activation of SCells in CA and CSI measurements on deactivated BWP to allow for faster and more efficient channel access 
· Carrier selection and RRM on carriers without SS block transmissions 
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