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Introduction
In RAN1#102-e, the following agreements were achieved. 
	Agreement in RAN1#102-e
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling
Agreement in RAN1#102-e
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling
Agreement in RAN2#111-e
From a RAN2 perspective, for DL, HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner. FFS for UL


As a recommendation from the moderator, the following discussion on RAN1#103-e was encouraged.
Proposal 5: Enhancement on the HARQ-ACK codebook can be investigated for DL transmission scheduled by HARQ process with disabled feedback.
In this contribution, we will provide further discussion on 
· whether support on the maximal HARQ process number is up to UE capability
· enabling/disabling on HARQ retransmission for uplink transmission
· enhancement on the HARQ-ACK codebook

Discussion
Maximal HARQ process number
[bookmark: _Hlk54017963]The maximal supported HARQ process number has been agreed to increase to 32 for the following reasons:
· to prevent HARQ stalling that leads to a peak data rate drop, and 
· to guarantee robust transmission rather than simply relying on the ARQ protocol if HARQ is disabled.
However, additional hardware complexity and spec impacts to support Rel-16 NR can be expected. To handle this, a compromise solution is up to UE capability. In this way, a UE shall skip additional hardware requirements by reporting not to support the maximal HARQ process number more than 16.
[bookmark: _Toc54340524]Support on the maximal HARQ process number is up to UE capability.
However, additional complexity for a gNB seems unavoidable. The gNB shall always be ready to support more than 16 HARQ processes for any capable UE tempting to camp on the NTN cell. To handle this, RAN1 may determine whether further constraint shall be added, e.g., only support certain UE types for more than 16 HARQ processes.  
[bookmark: _Toc54340525]More than 16 HARQ shall only be supported by VAST and mounted devices.

Disabling on HARQ UL retransmission for uplink transmission
If HARQ uplink retransmission at the UE transmitter can be enabled and disabled, potential RAN1 impact may need some discussions, e.g., if retransmission is not needed, whether UE can be scheduled another PUSCH before the end of the last PUSCH by the same HARQ process. The related context is given below.
	3GPP TS 38.214 V16.3.0 (2020-09)
The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.


Another potential RAN1 impact is whether the process time N2 is still required if no retransmission is needed. Some related specification context is shown below.
	3GPP TS 38.214 V16.3.0 (2020-09)
A UE is not expected to be scheduled by a PDCCH ending in symbol 𝑖 to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol 𝑗 on the same serving cell if the end of symbol 𝑖 is not at least 𝑁2 symbols before the beginning of symbol 𝑗. The value 𝑁2 in symbols is determined according to the UE processing capability defined in Clause 6.4, and 𝑁2 and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.


To our understanding, there seems no essential change is needed for the current specs. However, some discussions for UL retransmission might be needed to conclude the feature of HARQ disabling.  
[bookmark: _Toc54340526]RAN1 impact on HARQ UL retransmission enabling/disabling shall be discussed.

Enhancement on the HARQ-ACK codebook
Timing enhancement on Type-1 HARQ-ACK codebook
In NR, the Type-1 HARQ-ACK codebook is used for a UE to report HARQ-ACK information for a corresponding PDSCH reception and SPS PDSCH release. The HARQ-ACK codebook size is determined by a set of slot timing values K1. 
In Rel-16 NR, the Type-1 HARQ-ACK codebook is highly involved with the scheduling offset K1. The related context in specifications is given below.
	3GPP TS 38.213 V16.3.0 (2020-09)
A UE reports HARQ-ACK information for a corresponding PDSCH reception or SPS PDSCH release only in a HARQ-ACK codebook that the UE transmits in a slot indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format. The UE reports NACK value(s) for HARQ-ACK information bit(s) in a HARQ-ACK codebook that the UE transmits in a slot not indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format.


If the new scheduling offset K_offset is configured, the description above may need some change. If nothing changes, a UE may report NACK for HARQ-ACK information in a HARQ-ACK codebook in a slot indicated by a K1 and K_offset.
[bookmark: _Toc54340522]Rel-16 UE reports NACK in the Type-1 HARQ-ACK codebook if the UE transmits in a slot not indicated by the PDSCH-to-HARQ_feedback timing indicator field.
[bookmark: _Toc54340527]Timing enhancement on the Type-1 HARQ-ACK codebook shall be needed.

Disabling on HARQ-ACK on Type-1 HARQ-ACK codebook
When HARQ-ACK is disabled on a per HARQ process basis, the determination of HARQ-ACK information bits in the Type-1 HARQ codebook could be implemented by the following alternatives:
If the corresponding DCI indicates a HARQ process ID that is ‘disabling’ configured by a gNB, the UE may 
· alternative 1: drop the HARQ-ACK information bit(s).
· alternative 2: replace the HARQ-ACK information bit(s) by NACK value(s) irrespective of the decoding results.
· alternative 3: keep the HARQ-ACK information bit(s) unchanged based on the decoding results.
For these alternatives, the UE may report or drop the HARQ-ACK bits that NW has already known for the HARQ-disabled processes. Therefore, the question is whether disabling on HARQ-ACK shall change the size of the Type-1 HARQ-ACK codebook. Note that if the change is allowed, RAN1 may need to handle a corner case that a UE receives a HARQ-ACK disabling message before completing a HARQ-ACK codebook transmission.
[bookmark: _Toc54340528]HARQ-ACK disabling shall not change the Type-1 HARQ-ACK codebook size.

Timing enhancement on Type-2 HARQ-ACK codebook
In NR, type-2 HARQ-ACK codebook is used for a UE to report HARQ-ACK information bits for
· PDSCH receptions with a DCI format scheduling
· SPS PDSCH release/deactivation with a DCI format scheduling
· SPS PDSCH retransmissions with a DCI format scheduling
· SPS PDSCH receptions without a DCI format scheduling
A UL slot for UE to transmit the HARQ-ACK codebook is indicated by K0 and K1 in the DCI format, where
· K0 is a slot offset for PDSCH receptions by a time-domain resource assignment field 
· K1 is a slot offset for PUCCH transmission by PDSCH-to-HARQ_feedback timing indicator field
The HARQ-ACK codebook size is determined by
· a set of PDCCH monitoring occasions 
· the set has a total number M of PDCCH monitoring occasions in a serving cell based on the UL transmission slot indicated by K0 and K1.
· the set of PDCCH monitoring occasions is across active serving cells, indexed first across cells indexes and then indexed start times of search space sets
· a value of the counter downlink assignment indicator (DAI)
· provided by DCI format 1_0 or 1_1, the counter DAI (cDAI) denotes the accumulative number of PDSCH reception or SPS PDSCH release/deactivation associated with the DCI format(s) up to the current PDCCH monitoring occasion 
· a value of the total DAI (tDAI)
· provided by DCI format 1_1, the tDAI denotes the total number of PDSCH reception(s) or SPS PDSCH release/deactivation with associated DCI format(s), up to the current PDCCH monitoring occasion
· if SPS PDSCH configuration is provided
· if provided, one additional HARQ-ACK bit would be added in the end of the codebook.
· a UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in the same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group.
Based on the summary, Type-2 HARQ-ACK codebook is involved with the scheduling offset K0 and the scheduling offset K1 indicated by PDSCH-to-HARQ_feedback timing indicator field. the related specification context is given by:
	3GPP TS 38.213 V16.3.0 (2020-09)
A UE determines monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH
release on an active DL BWP of a serving cell 𝑐, as described in Clause 10.1, and for which the UE transmits HARQ-ACK information in a same PUCCH in slot 𝑛 based on
· PDSCH-to-HARQ_feedback timing indicator field values for PUCCH transmission with HARQ-ACK
information in slot 𝑛 in response to PDSCH receptions or SPS PDSCH release
· slot offsets 𝐾0 [6, TS 38.214] provided by time domain resource assignment field in a DCI format scheduling PDSCH receptions or SPS PDSCH release and by pdsch-AggregationFactor or repetitionNumber-r16, when provided.


If K_offset is configured, the codebook determination may need some change for this new input parameter.
[bookmark: _Toc54340529]Timing enhancement on the Type-2 HARQ-ACK codebook shall be needed.

Disabling on HARQ-ACK on Type-2 HARQ-ACK codebook
When HARQ-ACK is disabled, the field of DAI might be redundant. To remove it, DCI format 1_1 supports 0 bits of the DAI field, but DCI format 1_0 has a fixed bit length of 2, which is problematic because DCI 1_0 cannot provide 0 bits and in fact ‘00’ in the DCI format 1_0 means cDAI = 1. 
To deal with this, one simple way is that for DCI format 1_0, if the HARQ process number field indicates a number associated with HARQ-ACK disabling, UE may ignore the downlink assignment index (DAI) field. 
However, if a UE detects successive DCI formats indicating the same cDAI value, the UE determines  DCI formats missed and pads NACKs in the HARQ-ACK codebook. If a UE can ignore the DAI field, the UE may lose the error correction capability.
[bookmark: _Toc54340523]If the DAI field can be ignored by UE, the error correction capability will be lost.
A better way is to keep DAI unchanged but to add a new procedure for removing the disabled HARQ-ACK bits after the HARQ-ACK codebook is determined. This may reduce the most of spec changes.
[bookmark: _Toc54340530]DAI enhancement on the Type-2 HARQ-ACK codebook shall ensure the error correction capability.

Conclusion
In this contribution, we have the following observations
Observation 1	Rel-16 UE reports NACK in the Type-1 HARQ-ACK codebook if the UE transmits in a slot not indicated by the PDSCH-to-HARQ_feedback timing indicator field.
Observation 2	If the DAI field can be ignored by UE, the error correction capability will be lost.
Based on these observations, we have the following proposals
Proposal 1	Support on the maximal HARQ process number is up to UE capability.
Proposal 2	More than 16 HARQ shall only be supported by VAST and mounted devices.
Proposal 3	RAN1 impact on HARQ UL retransmission enabling/disabling shall be discussed.
Proposal 4	Timing enhancement on the Type-1 HARQ-ACK codebook shall be needed.
Proposal 5	HARQ-ACK disabling shall not change the Type-1 HARQ-ACK codebook size.
Proposal 6	Timing enhancement on the Type-2 HARQ-ACK codebook shall be needed.
Proposal 7	DAI enhancement on the Type-2 HARQ-ACK codebook shall ensure the error correction capability.
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