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Introduction
In RAN1#106-e, the following agreements were achieved. 
	Agreement:
· For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, one of following options should be supported:
· Option-1: The UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH
· Option-2: The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH
· FFS: Other cases, e.g., if only DCI carrying feedback-disabled HARQ process is detected by UE

Agreement:
For enhancement on the HARQ process indication, one of following options for DCI 0-0/1-0 can be considered:
· Option 2: Reusing one bit from other bit field
· Option 4: No enhancement

Agreement:
For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, one of following options should be supported:
· Option-1: The UE’s behavior is same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE
· Option-2: The UE should skip the codebook feedback at least when the feedback is carried by PUCCH
· FFS: the case that feedback is carried by PUSCH. 

Agreement: 
The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is [X]
· FFS: X = 8, 16 or 32

Agreement:
For the DCI of PDSCH with feedback-disabled HARQ processes, only one of following is supported for Type-2 codebook:
· Option-1: The C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented, and are taken into account by the UE for type 2 codebook generation.
· [bookmark: _Hlk82098600]Option-2: The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.


Based on the FFS and the FLS of R1-2108511, the following discussions were needed:
· Issue-1 Enhanced HARQ process ID indication 
· Issue-2 HARQ codebook enhancements
· Issue-3 PDSCH/PUSCH scheduling restriction
· Issue-4 Performance enhancement

Discussion
Enhanced HARQ process ID indication
The intention to enhance the HARQ process indication is to support more than 16 HARQ processes to prevent HARQ stalling and throughput loss. Note that whether to support more than 16 HARQ shall be up to UE capability. 
In Rel-16, the network initiates the procedure to a UE in RRC_CONNECTED when it needs (additional) UE radio access capability information. The network should retrieve UE capabilities only after AS security activation. However, DCI 0-0 and 1-0 are used during initial access before NW could retrieve UE capabilities. To make less spec impact, no enhancement (Option 4) shall be considered.
[bookmark: _Toc82252401]For HARQ process indication, support no enhancement for DCI 0-0/1-0 (Option 4).

HARQ codebook enhancement 
Type-1 HARQ CB
For the Type-1 HARQ codebook, the intention for HARQ CB enhancement is to accommodate HARQ feedback disabling. The goal shall be to minimize the spec impact rather than CB size reduction.
Based on this principle, if only DCI carrying feedback disabled HARQ process is detected by UE, there are two options:
· Option-1: The UE’s behavior is the same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE
· Option-2: The UE should skip the codebook feedback at least when the feedback is carried by PUCCH
· FFS: the case that feedback is carried by PUSCH. 
As mentioned in R1-2108511, if option-2 is supported, it may cause a misunderstanding between UE and gNB of the assignment of multiplexing for the UL transmission when UE skips the CB feedback. Also as shown in R1-2108647, UE behavior may be unclear when HARQ-ACK multiplexing is on PUSCH without PUCCH (or with PUCCH associated only with feedback-disabled HARQ processes). HARQ-ACK multiplexing rules need a revisit if option-2 is supported.
[bookmark: _Toc82252402]For the Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, the UE’s behavior is the same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE (Option-1).
Another issue is whether UE reports NACK or ACK/NACK if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE. This makes some spec impact on transmission power for a PUCCH. See below.
	[bookmark: _Hlk35431623]3GPP TS 38.213 V16.6.0
[bookmark: _Hlk35363589]If , the UE determines a number of HARQ-ACK information bits   for obtaining a transmission power for a PUCCH, as described in Clause 7.2.1, as 


O_ACK is the total number of HARQ-ACK information bits in the Type-1 HARQ-ACK codebook. However, in Rel-16, UE considers informative bits in O_ACK to calculate a transmission power if the payload size is smaller than 11 bits. 
In Rel-16, if O_ACK contains NACK bits for PDSCH reception occasions where a UE does not receive a TB or a CBG due to not detecting a corresponding DCI. Since these bits are probably known by a gNB, and therefore, they are not used for counting the transmission power, i.e.,  has fewer bits than O_ACK by removing these NACK bits.
In NTN, when HARQ-ACK is disabled, NW shall schedule DL assignment regardless of the corresponding HARQ feedback in case that UE feedbacks Type-1 HARQ CB. It has no benefit to support Option-2: The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of the corresponding PDSCH. On the contrary, support of Option-1 may bring additional benefit for obtaining transmission power for a PUCCH.
[bookmark: _Toc82252399]To sustain high throughput, NW must schedule new DL assignments without processing the same previous HARQ process. In this case, there will be no benefit if UE is forced to feedback HARQ-ACK information when HARQ-ACK is disabled.
[bookmark: _Toc82252403]For the Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, the UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH (Option-1).

Type-2 HARQ CB
The intention for type-2 HARQ CB enhancement is to further reduce CB size. The remaining issue is whether C-DAI and T-DAI are not incremented or ignored by UE when HARQ-ACK is disabled.
In Rel-16, if C-DAI and T-DAI are not incremented, UE may detect successive DCI formats indicating the same C-DAI value. The condition of  in the pseudo-code will be met, UE determines  DCI formats missed and pads  NACKs in the HARQ-ACK Type-2 codebook.
[bookmark: _Toc82252400]In Rel-16, if C-DAI and T-DAI are not incremented, UE determines (T_D - 1) DCI formats missed and pads (T_D – 1) NACKs in the HARQ-ACK Type-2 codebook.
However, if C-DAI and T-DAI are not incremented because the corresponding HARQ feedback is disabled rather than that DCI formats are missed, then UE shall remove these  NACKs.
[bookmark: _Toc82252404]If C-DAI and T-DAI are not incremented for feedback-disabled HARQ, UE shall remove padding NACKs if they are added by triggering the condition of  in the pseudo-code.
To our best understanding, Option-1 breaks the legacy feature to detect the missing DCI formats and needs efforts to introduce new UE behavior when C-DAI and T-DAI are not incremented due to related to feedback-disabled HARQ.
[bookmark: _Toc82252405]For the DCI of PDSCH with feedback-disabled HARQ processes, the C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation (Option-2).

PDSCH/PUSCH scheduling restriction
The intention to introduce PDSCH scheduling restriction is to accommodate a DL HARQ process with disabled HARQ feedback. On the other hand, for the PUSCH scheduling restriction, no enhancement has been agreed in RAN1 because no additional enhancement has been considered for HARQ UL retransmission in RAN2.
However, in RAN2#115-e, HARQ UL transmission has made some progress. See below.
	Agreements via email - from offline 101:
1. For at least dynamic grants, the network may optionally configure an UL HARQ retransmission state per HARQ process. Two UL HARQ retransmission states are defined in NTN: HARQ state A and HARQ state B (FFS whether "HARQ state A" and "HARQ state B" should be renamed)
2. HARQ state A/B are defined as follows:
· HARQ state A: length of drx-HARQ-RTT-TimerUL is extended by UE-gNB RTT (i.e. UE PDCCH monitoring is optimized to support UL retransmission grant based on UL decoding result).
· HARQ state B:  drx-HARQ-RTT-TimerUL is not started. 
3. Configuration of UL HARQ retransmission state is semi-static, signalled via RRC, and the decision and criteria to configure UL HARQ retransmission state is under network control.
4. For dynamic grants, each LCH can be optionally mapped to an UL HARQ retransmission state via semi-static RRC configuration. If there is no configuration, the mapping has no effect (legacy behaviour applies).
5. If HARQ process has not been configured with an UL HARQ retransmission state, new LCH mapping rule has no effect (i.e. UE applies legacy behaviour).
6. The following behaviours are supported for drx-HARQ-RTT-TimerUL in NTN per HARQ process: 1) Timer length is extended by offset; 2) Timer disabled (i.e. not started)
7. UE determines drx-HARQ-RTT-TimerUL behaviour per HARQ process based on configured UL HARQ retransmission state.
8. [bookmark: OLE_LINK13]For HARQ process(es) not configured with an UL HARQ retransmission state, drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL behave as per legacy.


UE may be provided HARQ state A (having retransmission) or HARQ state B (no retransmission) per HARQ process, signaled via RRC. Note that drx-HARQ-RTT-TimerUL (per UL HARQ process) specified in TS 38.321 is given by the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity. Considering the text “expected” may have different interpretations, RAN2 further made the following clarification. See below. 
	Agreements online:
1. [bookmark: OLE_LINK12]For HARQ state B, FFS to run drx-RetransmissionTimerUL for blind UL retransmission
1. UE configured with an UL HARQ retransmission state (i.e. A or B) will always act as indicated in a grant/assignment provided during a valid occasion (i.e. subject to legacy restrictions in e.g. MAC and RAN1 specifications). (No RAN2 specification impact)


However, RAN2 cannot ensure if any RAN1 specification impact needs to be addressed. In Rel-16, the PUSCH scheduling restriction is defined in TS 38.214. See below.
	3GPP TS 38.214 V16.6.0, Clause 6.1
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


To be subject to the legacy restrictions, no additional enhancement is needed. We propose to add some notes to address when HARQ state A/state B is configured via RRC.
[bookmark: _Hlk82248041][bookmark: _Toc82252406]For a UL HARQ process with disabled HARQ retransmission, i.e., RRC configures HARQ state B (UL retransmission grant is not based on UL decoding result), the UE is not expected to be scheduled to transmit another PUSCH for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process. (No enhancement)
Another restriction defined in TS 38.214 is given below.
	3GPP TS 38.214 V16.6.0, Clause 6.4
If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start S and length L of the PUSCH allocation indicated by 'Time domain resource assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block.
[…]
Otherwise, the UE may ignore the scheduling DCI.


T_(proc, 2) includes the requirement of UE processing time, which shall be reused in Rel-17 NTN. No enhancement is needed. However, the description for the PUSCH shall include K_offset to handle the effect of the timing advance.
[bookmark: _Toc82252407]For UE PUSCH preparation procedure time, the first uplink symbol in the PUSCH allocation shall be defined by the slot offset K2, the slot offset K_offset, and the start S and length L of the PUSCH allocation.
[bookmark: _Toc82252408]For a UL HARQ process with disabled HARQ retransmission, i.e., RRC configures HARQ state B (UL retransmission grant is not based on UL decoding result), T_(proc, 2) shall be reused in Rel-17 NTN. (No enhancement)

Performance enhancement
The intention to increase the maximum number of supported aggregation factors is to ensure robustness when HARQ feedback is disabled for a HARQ. However, pdsch-AggregationFactor is configured per PDSCH. See below.
3GPP TS 38.331 V16.5.0

PDSCH-Config ::=			SEQUENCE {
	pdsch-AggregationFactor		ENUMERATED { n2, n4, n8 }		OPTIONAL,   -- Need S
The field indicates a repetition number for PDSCH. When the field is absent, the UE applies the value 1. Considering only feedback-disabled HARQ may need enhancement, the new aggregation factor, e.g., pdsch-AggregationFactor-r17, shall be configured by RRC per HARQ process.
[bookmark: _Toc82252409]The new aggregation factor IE, e.g., pdsch-AggregationFactor-r17, shall be configured per HARQ process via RRC signaling. 
Another concern is pdsch-AggregationFactor has association with pdsch-AggregationFactor-r16. See below.
SPS-Config ::=		SEQUENCE {
    pdsch-AggregationFactor-r16		ENUMERATED {n1, n2, n4, n8 }		OPTIONAL    -- Need S
The field indicates a repetition number for SPS PDSCH (see TS 38.214 [19], clause 5.1.2.1). When the field is absent, the UE applies PDSCH aggregation factor of PDSCH-Config. 
If pdsch-AggregationFactor-r17 and pdsch-AggregationFactor are both provided in PDSCH-Config, then UE may have an ambiguity to select a PDSCH aggregation factor when pdsch-AggregationFactor-r16 is absent for SPS-Config.
[bookmark: _Toc82252410]If pdsch-AggregationFactor-r17 and pdsch-AggregationFactor are both provided in PDSCH-Config, UE shall ignore the value provided by pdsch-AggregationFactor.
Also, it is beneficial to support a new aggregation factor for SPS PDSCH, considering HARQ-ACK may be disabled.
[bookmark: _Toc82252411]A new aggregation factor, e.g., 16 or 32, for SPS PDSCH shall be supported and its configuration shall be per SPS configuration via RRC signaling. 

Conclusion
In this contribution, we have the following observations
Observation 1	To sustain high throughput, NW must schedule new DL assignments without processing the same previous HARQ process. In this case, there will be no benefit if UE is forced to feedback HARQ-ACK information when HARQ-ACK is disabled.
Observation 2	In Rel-16, if C-DAI and T-DAI are not incremented, UE determines (T_D - 1) DCI formats missed and pads (T_D – 1) NACKs in the HARQ-ACK Type-2 codebook.
Based on observations, the following proposals are made
Proposal 1	For HARQ process indication, support no enhancement for DCI 0-0/1-0 (Option 4).
Proposal 2	For the Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, the UE’s behavior is the same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE (Option-1).
Proposal 3	For the Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, the UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH (Option-1).
Proposal 4	If C-DAI and T-DAI are not incremented for feedback-disabled HARQ, UE shall remove padding NACKs if they are added by triggering the condition of  in the pseudo-code.
Proposal 5	For the DCI of PDSCH with feedback-disabled HARQ processes, the C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation (Option-2).
Proposal 6	For a UL HARQ process with disabled HARQ retransmission, i.e., RRC configures HARQ state B (UL retransmission grant is not based on UL decoding result), the UE is not expected to be scheduled to transmit another PUSCH for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process. (No enhancement)
Proposal 7	For UE PUSCH preparation procedure time, the first uplink symbol in the PUSCH allocation shall be defined by the slot offset K2, the slot offset K_offset, and the start S and length L of the PUSCH allocation.
Proposal 8	For a UL HARQ process with disabled HARQ retransmission, i.e., RRC configures HARQ state B (UL retransmission grant is not based on UL decoding result), T_(proc, 2) shall be reused in Rel-17 NTN. (No enhancement)
Proposal 9	The new aggregation factor IE, e.g., pdsch-AggregationFactor-r17, shall be configured per HARQ process via RRC signaling.
Proposal 10	If pdsch-AggregationFactor-r17 and pdsch-AggregationFactor are both provided in PDSCH-Config, UE shall ignore the value provided by pdsch-AggregationFactor.
Proposal 11	A new aggregation factor, e.g., 16 or 32, for SPS PDSCH shall be supported and its configuration shall be per SPS configuration via RRC signaling.
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