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Introduction
A work item on Non Terrestrial Network (NTN) [1] has been started, and several agreements related to HARQ enhancement have been made as listed in Annex C. In this contribution, signalling of HARQ process ID, PDSCH/PUSCH enhancement and HARQ-ACK codebook are discussed. 
Signalling of HARQ process ID
In RAN1#102e, it was agreed that the maximal supported HARQ process number is up to 32. In RAN1#103e, HARQ process ID indication methods were discussed. In Rel.15/16 NR, HARQ process ID is indicated in 4-bit field to point up to 16 process IDs in the DCI. In order to support 32 HARQ process IDs, it would be sufficient to simply add 1 bit for the HARQ process ID field in DCI format 0_1, 1_1 and 0_2, 1_2 (i.e. option 3 in the agreement). Note that this 1 bit should not be added in DCI format 0_1 and 1_0 because the extension of the HARQ process ID field should be based on RRC configuration. 
If it is not desired to extend the HARQ process ID field, we prefer implicit indication by slot index used for the PDSCH/PUSCH transmission. (option 1 or 1a in the agreement) 
If there are unnecessary bits in DCI for NTN, to reuse 1 bit from other field (i.e. option 2 in the agreement) would be one possibility. On the other hand, bit reduction of other fields requires further discussions and should be separated from HARQ process ID discussion. 
Proposal 1: 1 bit is added for HARQ process ID indication in DCI format 0_1, 1_1 and 0_2, 1_2.

Enhancement of PDSCH/PUSCH transmissions to improve user throughput 
As shown in our simulation results in [4], even though user throughput is improved by using 32 HARQ processes compared to 16 HARQ processes, the user throughput for 32 HARQ processes is significantly degraded compared to larger number of HARQ processes (e.g. 64, 256) especially for Ka-band where slot length is shorter (0.25ms or 0.125ms) because only 32 slots (8ms or 4ms) during the long RTT period (e.g. 42ms for LEO 1200km) can be used or inefficient low BLER operation of HARQ feedback disabling. There would be enough room to improve the user throughput by enhancement of PDSCH/PUSCH transmissions. 
Proposal 2: Enhancement of PDSCH/PUSCH transmission to improve user throughput without further increasing the number of HARQ processes should be discussed.

A solution to improve user throughput without further increasing the number of HARQ processes is discussed below.
The degradation of the user throughput comes from the fact that transmission opportunity (i.e. the number of slots that can be used for transmission within RTT) is too restrictive due to lack of HARQ processes, i.e. the amount of data which can be transmitted within the time period of RTT is restrictive. If transmission with one HARQ process can use multiple slots, more slots within RTT can be used for transmission without increasing the number of HARQ processes. In NR Rel.15/16, transmission with multiple slots is supported by repetition that can be configured by pdsch-AggregationFactor or repetitionNumber in PDSCH-TimeDmainResourceAllocationList-r16 for PDSCH and by pusch-AggregationFactor or repetitionNumber in PUSCH-TimeDmainResourceAllocationList-r16 for PUSCH. The target of repetition in Rel.15/16 is coverage enhancement and reliability improvement. In these target usages, the overall coding rate after the repetition is reduced compared with non-repetition case. On the other hand, in order to enhance the user throughput, transport block (TB) size needs to be increased in accordance with the number of repetitions because the overall coding rate after the repetition is not intended to be reduced compared with non-repetition case. Figure 1 illustrates the repetition with increased TB size. In Figure 1, 4x TB size is used for 4x repetition and 4 times more slots within RTT are used for the transmission compared to no repetition case. In this case, instead of the reliability, the throughput is improved. 
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[bookmark: _Ref54019136]Figure 1 Repetition with increased TB size

We conducted system level simulations to evaluate the performance for repetition with increased TB size using the simulation assumptions shown in Annex A. In addition to the number of HARQ processes 16, 32, 64, and 256, 32 HARQ processes with 2x repetition with 2x TB size and 32 HARQ processes with 4x repetition with 4x TB size are evaluated. The simulation results for target RU=20% and 50% are shown in Figure 2. 32 HARQ processes with 2x repetition with 2x TB size achieves similar user throughput performance with 64 HARQ processes, and 32 HARQ processes with 4x repetition with 4x TB size achieves similar user throughput performance with 256 HARQ processes. 
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(a) target RU=20%                                                                 (b) target RU=50%
[bookmark: _Ref54283953]Figure 2 user throughput performance for repetition with scaled TB size (LEO1200km, Ka-band)
Instead of scaling factor for TB size, use of higher MCS level may be considered, e.g. use MCS with 4x larger SE for 4x repetition. The resulting TB size can be scaled with the number of repetitions, but the efficiency is worse than TB size scaling because higher order modulation needs to be selected. Furthermore, throughput is limited by the highest MCS level even if large number of repetition is used. SLS results are shown in Annex B. Saturation of the throughput is seen in case of 4x repetition with 4x SE. 
For the specification implementation, one way would be to add a scaling factor S’ to enlarge TB size in the equation for Ninfo in TS38.214 section 5.1.3.2, e.g., similar to the scaling factor used for PDSCH scheduled with RA-RNTI and P-RNTI. The scaling factor can be identical to the number of repetitions or independently configured/indicated. 
On the other hand, in coverage enhancement WI, support of TB processing over multi-slot PUSCH was agreed and TBS determination for multi-slot PUSCH is one of the work item objectives. The related texts in the WID [6] of coverage enhancement WI is copied below.  
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
TB size determination for multi-slot PUSCH is discussed in our contribution for coverage enhancement [7]. For the multi-slot PUSCH, TB size is determined based on the number of resource element within multiple slots used for the PUSCH transmission. Thus, the TB size is roughly scaled with the number of slots used for the PUSCH transmission. Therefore, the same effect as TB size calculation using scaling factor explained above is obtained. Simulation results shown above are valid for multi-slot PUSCH transmission as well. It is preferable to apply the same or similar solution to NTN. Therefore, after some progress in coverage enhancement, it can be considered to apply the same solution as the multi-slot PUSCH, and apply it to PDSCH as well. 

Above solution can achieve sufficiently high user throughput with a little specification impact. Thus, we make the following proposal. 
Proposal 3: Transport block size scaling in case of repetition should be considered to improve user throughput with a limited number of HARQ processes. Alternatively, it should be considered to apply the same solution as multi-slot PUSCH in coverage enhancement WI for both PUSCH and PDSCH in NTN.  

HARQ-ACK codebook for HARQ-feedback disabled process
The following is the agreement on HARQ-ACK codebook enhancement in RAN1#103-e. 
	Agreement:
HARQ codebook enhancement is supported as:
· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes 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
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement;
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
FFS: Enhancements for Type-3 HARQ codebook


The main use case of semi-static or dynamic HARQ-ACK codebook is TDD and/or CA (carrier aggregation) in our understanding. In Rel.17 NTN scenarios, TDD or CA would not be important use case although it should be supported from the specification point of view. Therefore, simplicity should be prioritized for the design of HARQ-ACK codebook in our view.  
Among the options in the agreement, “No enhancement” seems most simple. But, what “no enhancement” means is not clear. The following alternatives on “no enhancement” may be considered. 
· Alt 1: not support configuration with HARQ-feedback disabling and HARQ-ACK codebook
· Alt 2: not specify UE behavior when HARQ-feedback disabling and HARQ-ACK codebook are both configured.
· Alt 3: no change of UE behavior from Rel.15/16, i.e. generate HARQ-ACK even for HARQ-feedback disabled process and include it in the HARQ-ACK codebook.
Alt 1 would impose an unnecessary restriction of the operation. Alt 2 is not preferable as it might cause an unexpected system behavior. Alt 3 would be suitable behavior of “no enhancement”. Even in case of “no enhancement”, clarification that HARQ-ACK codebook include ACK/NACK for both HARQ-feedback enabled and disabled process might be needed in the specification. 
If to generate HARQ-ACK for HARQ-feedback disabled process is not preferable, the following is our second preference. 
For type 1 HARQ-ACK codebook, to report NACK on disabled process (i.e. Option-2 in the agreement) would be simple enough as this is the same behavior as no scheduling case in Rel.15. 
For type 2 HARQ-ACK codebook, it would be simple enough to handle HARQ-feedback disabled process as no scheduling case, i.e. not to include HARQ-ACK for HARQ-feedback disabled process (i.e. Option-1 in the agreement). In this case, DAI should not count scheduling for HARQ-feedback disabled process. DAI field (including C-DAI and T-DAI) in the DCI scheduling HARQ-feedback disabled process should be reserved and ignored by the UE. 
Proposal 4: For both type 1 and type 2 HARQ-ACK codebook for HARQ-feedback disabled process, no change of UE behaviour from Rel.15/16, i.e. generate HARQ-ACK even for HARQ-feedback disabled process and include it in the HARQ-ACK codebook. 

Conclusion 
We discussed issues related to HARQ enhancement in NTN. We propose the following. 
Proposal 1: 1 bit is added for HARQ process ID indication in DCI format 0_1, 1_1 and 0_2, 1_2.
Proposal 2: Enhancement of PDSCH/PUSCH transmission to improve user throughput without further increasing the number of HARQ processes should be discussed.
Proposal 3: Transport block size scaling in case of repetition should be considered to improve user throughput with a limited number of HARQ processes. Alternatively, it should be considered to apply the same solution as multi-slot PUSCH in coverage enhancement WI for both PUSCH and PDSCH in NTN.  
Proposal 4: For both type 1 and type 2 HARQ-ACK codebook for HARQ-feedback disabled process, no change of UE behaviour from Rel.15/16, i.e. generate HARQ-ACK even for HARQ-feedback disabled process and include it in the HARQ-ACK codebook.
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Annex A: Simulation assumptions for SLS 
[bookmark: _Ref47364874]Table 1 simulation assumptions
	Frequency band
	Ka-band (20GHz) 

	Satellite type
	LEO 1200km

	System bandwidth
	400MHz

	Subcarrier spacing
	120kHz

	Slot length
	0.125ms

	Frequency reuse
	1

	Polarization reuse
	1

	Deployment scenario
	Rural, UE velocity=3km/h

	Number of UEs per satellite beam
	10

	RTT
	41.77ms (335 slots) 


	CQI feedback period
	20 slots

	CQI feedback delay
	20.89ms (168 slots)


	Number of HARQ processes
	16, 32, 64, 256

	Max. number of HARQ (re)transmissions
	4  

	Target iBLER (initial BLER)
	10% 

	Scheduler 
	Proportional fair

	Traffic model
	FTP3, packet size 0.5Mbyte
Interval 4500ms (for RU=20%)
Interval 2500ms (for RU=50%)

	Target RU (Resource Utilization)
	20%, 50%



User throughput definition is based on [5] as follows.
User throughput (during active time) is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst.
Annex B: SLS results for repetition with higher SE (MCS level)
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(a) target RU=20%                                                                 (b) target RU=50%
Figure 3 user throughput performance for repetition with scaled TB size (LEO1200km, Ka-band)

Annex C: list of the agreements 
RAN1#102-e meeting 
Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling
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
RAN1#103-e meeting 
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.
· FFS: value of X and units in which it is defined.
· FFS: Whether TB of the two PDSCHs needs to be different

Agreement:
· Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· Option 1: Slot index as the MSB
· Option 1-a:Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
· FFS: DCI 0-0/1-0
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL
 
Agreement:
HARQ codebook enhancement is supported as:
· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes 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
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement;
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook
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