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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#102-e, a couple of agreements have been achieved to enhance HARQ for NTN
Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling

Agreement:
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


In this contribution, we provide some further considerations on HARQ enhancement.
[bookmark: _Ref129681832]HARQ enhancement in NTN
HARQ process ID indication
It has been agreed that the maximum supported HARQ process number shall be extended to 32. To ensure compatibility with existing NR protocols, it is desirable not to introduce additional bits in DCI even for the extended HARQ process number. Consequently, there is a need to define an implicit indication for HARQ process IDs 15~31. 
 [image: ]
Figure 1. Slot-based HARQ process ID scheduling
One possible solution is to schedule HARQ processes into different slot-groups, as shown in Figure 1, and generate HARQ ID as a function of the slot number. Correspondingly, the HARQ process ID can be jointly determined by 4 DCI bits and extra implicitly indicated bits. 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 (most significant bit) of HARQ process ID can be obtained by:
)
The aforementioned HARQ transmission may have negative impact on scheduling flexibility, thus implicit indication with less impact on scheduling flexibility should be considered. DMRS-based indication is one solution that avoids the flexibility restrictions of slot-based mechanism.
Observation 1: HARQ ID can be implicitly indicated via slot index at the cost of scheduling flexibility.
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[bookmark: OLE_LINK25]Figure 2. HARQ process ID indication
The 1 MSB of HARQ process ID can be indicated by DMRS contained in PDCCH. Initializing the DMRS sequence according to MSB, based on the received PDCCH, UE firstly determines MSB by blind detection; if UE successfully decodes the PDCCH with DMRS that carries the MSB, then the complete HARQ process ID can be obtained through combining MSB with 4 LSB indicated by DCI. In the worst case, the maximum number of blind detection attempts may double, degrading false alarm performance accordingly. 
Observation 2: HARQ ID can be implicitly indicated via DMRS at the cost of false alarm ratio loss.
[bookmark: OLE_LINK30]Proposal 1: The following mechanisms for implicit indication of HARQ process ID can be considered.
· Option 1: Associate HARQ process ID with slot index;
· Option 2: Associate HARQ process ID with DMRS sequence;
[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. 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, optimization of type-1 HARQ-ACK codebook is necessary. 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 is illustrated in Figure 3. The ACK/NACK feedback for enabled HARQ processes are scheduled in slot 0~3, 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. 

[image: ]
Figure 3. Optimization on HARQ scheduling for Type-1 HARQ-ACK codebook size reduction
Proposal 2: The Type-1 HARQ-ACK codebook size can be reduced by skipping the HARQ-ACK feedback for disabled HARQ processes.
Enhancement on transmission
For NTN, data transmission for both enabled and disabling HARQ processes can be enhanced for better throughput and BLER performance. One simple enhancement is aggregation and repetition. Similar design such as slot aggregation introduced in NR can be considered for NTN. Consequently, a corresponding design for NTN needs to be discussed further, including the maximum repetition number/aggregation level, repetition/aggregation pattern and clarification of redundancy version sequence when repetition number or aggregation lever > 1. 
Table 1 Indication for transmission enhancement
	Transmission index
	Repetition pattern
	Repetition number
/Aggregation  level
	RV sequence

	000
	Pattern A(frequency)
	2
	0 0 0 0

	001
	Pattern A(frequency)
	2
	0 2 3 1

	010
	Pattern A(time)
	4
	0 0 0 0

	011
	Pattern A(time)
	4
	0 2 3 1

	……
	……
	……
	……

	110
	Pattern B(time)
	4
	0 0 0 0

	111
	Pattern B(time)
	4
	0 2 3 1



[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]As illustrated in Table 1, indication of aggregation/repetition-related parameters are necessary. Compared with higher layer based indication, indication via DCI provides better flexibility. For disabled HARQ process, a couple of bit fields in DCI are not needed, including HARQ process number (4 bits), redundancy version (2 bits), new data indication (1 bit), which can be used for the indication of transmission enhancement. In addition, due to limited link budget, high data rate may not be achievable in NTN scenarios, which means that 5 bits for MCS indication may be redundant, consequently 1~2 bits can be released for other indication. Thus, reusing idle bits in DCI to indicate transmission parameters is worthy to be considered for saving signalling resource.
Proposal 3: Transmission parameters shall be configurable and indicated via DCI.
Proposal 4: Reinterpreting idle bits in DCI for indicating transmission parameters shall be considered.
In addition, some UE assistance information including channel status, UE memory status and PDSCH decoding statistics, can also be considered. For example, 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. Accordingly, periodical resources shall be reserved as feedback opportunities for timely reporting assistance information from UE to network, as shown in Figure 4. Similar to channel state information report, the reporting opportunities can also be scheduled by network upon UE’s request, however, the long RTD of NTN will introduce large delay for the configuration. Moreover, NTN channel is dominated by LOS model, the channel state will not likely to change seriously before the updating of transmission parameters. 
[image: ]
Figure 4. Resource configuration for reporting opportunities
Proposal 5: 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: HARQ ID can be implicitly indicated via slot index at the cost of scheduling flexibility.
Observation 2: HARQ ID can be implicitly indicated via DMRS at the cost of false alarm ratio loss.
Proposal 1: The following mechanisms for implicit indication of HARQ process ID can be considered.
· Option 1: Associate HARQ process ID with slot index;
· Option 2: Associate HARQ process ID with DMRS sequence;
[bookmark: _GoBack]Proposal 2: The Type-1 HARQ-ACK codebook size can be reduced by skipping the HARQ-ACK feedback for disabled HARQ processes.
Proposal 3: Transmission parameters shall be configurable and indicated via DCI.
Proposal 4: Reinterpreting idle bits in DCI for indicating transmission parameters shall be considered.
Proposal 5: UE assistance information reporting in reserved resource can be considered for NTN.
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