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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-e, a couple of agreements have been achieved to enhance HARQ for NTN [1]
Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· Working assumption: X = T_proc,1
· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0
· Note: The TB of the two PDSCHs can be either same or different

Agreement:
For Type-2 HARQ codebook in NTN: Reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes

In this contribution, we provide some further considerations on HARQ enhancement for NTN.
[bookmark: _Ref129681832]HARQ enhancement in NTN
HARQ process ID indication
It was agreed that the maximum supported HARQ process number for NTN shall be extended to 32. For the non-fallback DCI 0-2/1-2, it is specified in [2] that the field of HARQ process number is 0, 1, 2, 3 or 4 bits determined by higher layer parameter HARQProcessNumberSize-ForDCIFormat0/1-2, which means the HARQ process ID field can be configured up to 16. Therefore, when the maximum number of HARQ process is extended to 32, one simple solution is to extend the field of HARQ process number to 5 bits. 
For DCI format 0_0/1_0, the field of HARQ process number is fixed to 4 bits. To ensure the compatibility with existing specification, it is desirable not to introduce additional bits in DCI with extended maximum HARQ process number, as it is against the earlier agreement that “Minimizing the impacts on specification and scheduling.” Besides, since the maximum supported HARQ process number may depend on UE capability, it is not expedient to extend HARQ process number ID field by default when there are also UEs supporting only 16 HARQ processes. In addition, if the size of fallback DCI 0_0/1_0 is extended for NTN and remain unchanged for TN, the UE has to do blind decoding of two different DCI sizes for SIB1 PDSCH if the UE does not know the type of the network before SIB1. 
Overall it is not a good design to have the UE interpret the HARQ process ID differently depending on what kind of DCI is used for scheduling resources, a unified approach should be adopted over all of the DCI sets.
Proposal 1: Extending HARQ process ID field shall be precluded.
Consequently, there is a need to define indication for HARQ process IDs 15~31.
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Figure 1. Slot-based HARQ process ID scheduling
One solution is to divide HARQ processes into different slot-groups within a frame, as shown in Figure 1, and HARQ process ID can be derived as a function of the slot number within that frame. Specifically, the HARQ process ID can be jointly determined by 4 DCI bits and an extra implicitly indicated bit. The HARQ processes can be scheduled in 2 slot-groups, with HARQ processes 0~15 in slot-group1, and HARQ processes 16~31 in slot-group 2. Thus the MSB of HARQ process ID can be obtained by:
)
Using the slot index as the MSB or LSB for the HARQ process ID is the same in principle, however, the former option is more compatible to HARQ process ID interpretation in the current specification when UEs with different maximum number of HARQ processes are considered. For example, with slot index as the MSB, a UE with maximal 16 HARQ process will be indicated by the existing HARQ ID field directly. However, with slot index as the LSB, the last bit is indicated by slot index and the remained bits is indicated by the existing HARQ ID field which have extra constraints of scheduling caused by slot index binding.
Observation 1: Using slot index as MSB of HARQ process ID is more compatible with UE with supportable HARQ process number not lager than 16.
The other solution is to reuse one bit from other bit field. Due to limited link budget, high data rate is not required in NTN scenarios, which means that the existing 5 bits for MCS indication may be redundant,  consequently 1~2 bits can be reused for other purpose, including extended HARQ process ID indication.
Observation 2: Explicit Indication of HARQ process ID via reusing idle bits depends on DCI format design.
Proposal 2: When the maximum number of HARQ processes is larger than 16, use the slot index as MSB of HARQ process ID.
[bookmark: OLE_LINK48]HARQ-ACK codebook size reduction
It was agreed that the enabling/disabling of HARQ feedback is configured per UE and per HARQ process, i.e. the disabled HARQ processes do not need HARQ-ACK feedback. Note that the concept of “disabling” means that network is not interested in receiving the feedback no matter what contains in codebook. 
Type-1 HARQ-ACK codebook
In this case, the semi-static HARQ-ACK codebook (Type-1) which assumes that all the HARQ processes need ACK/NACK feedback may result in redundant HARQ-ACK bits, especially when HARQ process number is extended to 32 but only a few HARQ processes are enabled. Therefore, the Type-1 HARQ-ACK codebook can be optimized to save the HARQ-ACK feedback payload. 
When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the Type-1 HARQ codebook, one possible solution is that UE generated NACKs in positions corresponding to PDSCHs associated with feedback disabled HARQ processes. However, if DCI is missed and UE would generate NACKs, too. This results in ambiguity between gNB with UE. 
In fact, enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling, therefore, UE can be configured to know which HARQ process is disabled regardless whether DCI is decoded or not.
Observation 3: UE can be configured to know whether the HARQ process feedback is disabled or enabled.
The HARQ-ACK codebook size can be determined based only on the enabled HARQ processes. One possible solution is to schedule the enabled/disabled HARQ processes together so that HARQ-ACK for the disabled HARQ processes can be removed from the HARQ-ACK codebook. The detailed scheme for optimizing Type-1 HARQ-ACK codebook is illustrated in Figure 2 (a). The ACK/NACK feedback for enabled HARQ processes are scheduled in slot 1~4, and the HARQ processes with feedback disabled are scheduled in slots 5~8. Consequently, the HARQ-ACK bits for potential PDSCH transmissions in slot 5~8 can be removed, i.e. HARQ-ACK codebook size is reduced from size A to size B.
When a large number of HARQ processes are disabled, e.g. only one HARQ process is enabled, the HARQ-ACK payload size can be reduced by skipping the feedback from disabled HARQ processes, which will reduce the overhead of UL transmission. To ensure a common understanding on HARQ-ACK codebook size between the UE and gNB, a bitmap can be introduced to indicate which of the PDSCH occasions need HARQ-ACK feedback. The benefit to feedback a NACK for a disabled HARQ process is not clear as on one hand it violates the principle of HARQ disabling and on the other hand there is no need to use it as a channel state indication since gNB will not do re-transmission anyway. If channel state information is needed, using the latest CSI report is sufficient due to the property of NTN channel. Furthermore, for the set of slot timing values  associated with the active UL BWP, the UE determines a set of  occasions for candidate PDSCH receptions, and the size of Type-1 codebook is depend on the  occasions. With some HARQ processes are configured as disabled, the size of Type-1 codebook can be decided by both the disabled/enabled configuration and the length of . As an example, the occasions for candidate PDSCH receptions is  = {1, 2, 3}, if the second HARQ process is configured as disabled, the HARQ processes needed to feedback are only occasion {1, 3}. Consequently, UE generates ACK/NACK in position {1, 3} for corresponding PDSCH, and if any DCI is miss-detected, NACK is generated, too. For the second HARQ process, as gNB is not interested in the feedback, UE shall skip the transmission occasions regardless whether DCI is decoded or not.
Observation 4: For Type-1 HARQ-ACK codebook, skipping the feedback of PDSCH occasions from disabled HARQ process can largely reduce the overhead.
Proposal 3: For Type-1 HARQ-ACK codebook, skip the feedback of PDSCH occasions from disabled HARQ processes.
Type-3 HARQ-ACK codebook
In NR Rel-16, the Type-3 HARQ codebook is introduced for unlicensed band in order to benefit from the HARQ-ACK retransmission due to listen-before-talk (LBT) failure [3]. In Type-3 HARQ-ACK codebook, UE would generate HARQ-ACK feedback for all HARQ processes for all the configured serving cells in a one shot manner. Furthermore, in the RAN1#103-e, it was agreed that Type-3 HARQ codebook is also applicable for licensed spectrum. As NTN is using the licensed band, and Type-3 codebook does not have ambiguity issue caused by DCI missing, there is no need to preclude the usage of Type-3 HARQ codebook in NTN. Given the feedback for the disabled HARQ processes may result in redundant HARQ-ACK bits, potential enhancement can be considered in NTN. As one alternative, the Type-3 HARQ-ACK codebook can be enhanced simply by skipping the disabled HARQ processes. Figure 2 (b) shows the enhancement that reduces codebook size from A to B. Similar to Type-1 HARQ-ACK codebook, UE can be configured to know the position of disabled/enabled HARQ process. 
Proposal 4: For Type-3 HARQ-ACK codebook, skip the feedback of PDSCH occasions from disabled HARQ processes.
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Figure 2. Optimization on HARQ scheduling for a) Type-1 and b) Type-3 HARQ-ACK codebook size reduction
Type-2 HARQ-ACK codebook
For Type-2 HARQ ACK codebook, the value of the counter downlink assignment index (C-DAI) field in DCI formats denotes the accumulative number of PDSCH receptions up to the current serving cell and current PDCCH monitoring occasion [4]. And the value of total DAI (T-DAI) in DCI format denotes the total number of PDSCH receptions up to the current PDCCH monitoring occasion. The value of T-DAI is the same for all serving cell at a same PDCCH monitoring occasion, and it is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. As an example, Figure 3 presented possible values of C-DAI and T-DAI. When disabled HARQ processes are configured, the redundancy caused by the disabled HARQ processes can be reduced by only including HARQ-ACK bits for enabled HARQ-ACK feedback. Consequently, the values of the DAI fields in a DCI format only accumulate when the HARQ-ACK is enabled for related PDSCH receptions. The value of C-DAI in DCI updates with the number of enabled HARQ process as shown in Figure 3, the value of T-DAI denotes the total number of enabled HARQ processes up to the current PDCCH monitoring occasion, and the value of T-DAI keeps the same for all serving cell at a same PDCCH monitoring occasion. Even if the last DCI is missed, UE can know that how many HARQ-ACK bits to feedback from the value of T-DAI.
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Figure 3. Value of C-DAI and T-DAI for Type-2 HARQ codebook with disabled HARQ process
Proposal 5: For Type-2 codebook, DAI is not counted for scheduled PDSCH from disabled HARQ process.
· The value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats with enabled HARQ up to the current PDCCH monitoring occasion.
· The value of C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats with enabled HARQ up to the current serving cell and current PDCCH monitoring occasion.

Enhancement on transmission
At the RAN1#103-e, aggregated transmission was identified as one attractive enhancement for NTN data transmission where disabled HARQ processes can benefit from better throughput and BLER performance. The aggregated data is transmitted to UE in multiple slots with configured redundancy versions, and soft-combining can be applied accordingly depending on aggregation scheme and UE buffer status. Correspondingly, the aggregation level, aggregation pattern or redundancy version sequence and the corresponding time and frequency resources may be indicated when aggregation level is larger than one (1). In Rel-16, it has been agreed that the maximum number of repetitions is 16 which is configured by repetitionNumber-r16 for DL and numberOfRepetitions-r16 for UL. For NTN, the performance of DL decoding with disabled HARQ processes can be ensured with repetition.
As a side note, when the data is transmitted following a default aggregation/redundancy pattern, the indication for aggregation pattern can be avoided while the aggregation/repetition number is also needed according to different channel qualities. In addition, with more data transmitted at one time, the corresponding time and frequency resource need to be extended, e. g. more symbols are needed for time resource allocation.

Figure 4. Aggregation transmission scheme
[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Compared with higher layer based indication, indication via DCI provides better flexibility. As listed in table 1, some HARQ related DCI fields may be redundant when a HARQ process is disabled. As induction of extra DCI size is not expected considering the blind DCI detection complexity as the UE side, all these idle bits of HARQ disabled processes are preferred to be kept, and can be reused for other purpose, including  indication of transmission parameters.
Table 1. Idle bits in DCI when HARQ disabled
	HARQ related DCI fields
	Format 1-0 （bits）
	Format 1-1 （bits）
	Format 0-0 （bits）
	Format 0-1 （bits）

	New data indicator (NDI)
	1
	1
	1
	1

	Redundancy version (RV)
	2
	2
	2
	2

	Downlink assignment index (DAI)
	2
	0,2,4
	0
	0,1,2

	TPC command for scheduled PUCCH
	2
	2
	0
	0

	PUCCH resource indicator
	3
	3
	0
	0

	PDSCH-to-HARQ feedback timing indicator
	3
	0,1,2,3
	0
	0



Proposal 6: Aggregation/repetition transmission parameters can be configurable and indicated via DCI.
Proposal 7: Reinterprete idle bits in DCI for indicating transmission parameters.
In addition, some UE assistance information including channel status, UE buffer status and PDSCH decoding statistics, can also be considered for transmission enhancement, e.g.: 
· Upon detecting channel status deteriorating or memory status varying to a pre-defined condition, UE can report this to the gNB so that the gNB can initiate an early retransmission
· With timely knowledge of channel status, gNB can dynamically re-configure the data transmission parameters e. g. aggregation or MCS for HARQ disabled processes. 
Accordingly, resources for channel status indication can be scheduled in a semi-static fashion, dynamic fashion, or upon UE’s request, as shown in Figure 4. The long RTD of NTN will introduce large delay for the configuration if it is scheduled by UE’s request. Moreover, since the NTN channel is dominated by LOS model, the channel state will not likely change seriously before the updating of transmission parameters. 
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Figure 5. Resource configuration for reporting opportunities
Proposal 8: UE assistance information reporting in reserved resource can be considered for NTN.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed enhancements for HARQ procedures in NTN. Then we get the following observations and proposals:
Observation 1: Slot index as MSB of HARQ process ID is more flexible for UE with supportable HARQ process number not lager than 16.
Observation 2: Explicit Indication of HARQ process ID via reusing idle bits depends on DCI format design.
Observation 3: UE can be configured to know whether the HARQ process feedback is disabled or enabled.
Observation 4: For Type-1 HARQ-ACK codebook, skipping the feedback of PDSCH occasions from disabled HARQ process can largely reduce the overhead.
Proposal 1: Extending HARQ process ID field shall be precluded.
Proposal 2: Implicit indication of HARQ process ID via binding MSB of HARQ process ID with slot index is first preferred.
Proposal 3: For Type-1 HARQ-ACK codebook, skip the feedback of PDSCH occasions from disabled HARQ processes.
Proposal 4: For Type-3 HARQ-ACK codebook, skip the feedback of PDSCH occasions from disabled HARQ processes.
Proposal 5: For Type-2 codebook, DAI is not count for scheduled PDSCH from disabled HARQ process.
· The value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats with enabled HARQ up to the current PDCCH monitoring occasion.
· The value of C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats with enabled HARQ up to the current serving cell and current PDCCH monitoring occasion.
Proposal 6: Aggregation/repetition transmission parameters can be configurable and indicated via DCI.
[bookmark: _GoBack]Proposal 7: Reinterpret idle bits in DCI for indicating transmission parameters.
Proposal 8: UE assistance information reporting in reserved resource can be considered for NTN.
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