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1 Introduction
In RAN1#97 meeting [1] , the following agreements related to the HARQ procedure in NTN were agreed achieved:
Agreement:
Network disabling of HARQ via RRC configuration should be supported. 

· FFS: Dynamic disabling of HARQ by gNB.

Agreement:
Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed

· At least the following aspects should be considered if the number of HARQ processes is > 16:

· DCI size

· HARQ soft buffer size

And, w.r.t to HARQ disabling, following conclusion in RAN1#98 has been made [2]:

Conclusion:

RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following

· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis

Moreover, in RAN1#98, some new proposals have been discussed, e.g., new feedback. In this contribution, views on the HARQ procedure for NTN are elaborated with potential enhancements in case of enabling of HARQ procedure and others.
2 Discussion on the HARQ in NTN
In the existing system, the HARQ procedure is introduced as the service access point between MAC and PHY, which is mainly targeted to the enhancements on the performance in case of failed initial-transmission via RVs combination in physical layer. Based on this mechanism, the tradeoff between the performance and latency for each packet can be achieved. For NTN, the determination of required HARQ number will be dominated by RTT and which will be different in each scenario with either transparent or regenerative load at different altitude. For example, with extremely lower elevation angle for both service/feeder link as listed Table 1, the required HARQ process number will be much larger than the maximum HARQ process number supported in NR, i.e., 16 per cell for single UE. 
Table 1 
Maximum HARQ process number in case of lower elevation angle

	Scenarios/Para
	LEO
	GEO

	
	600 km
	1200 km
	

	
	Transparent
	Regenerative
	Transparent
	Regenerative
	Transparent
	Regenerative

	RTT (ms)
	20.89
	12.89
	41.77
	25.77
	541.46
	270.73

	HARQ process number
	SCS = 15KHz
	21
	13
	42
	26
	542
	271

	
	SCS = 120KHz
	168
	104
	335
	207
	4332
	2166


Observation 1: Larger number of HARQ process is required to support most of cases in NTN.
Based on the above condition, further analyses to verify the benefits and feasibility on supporting of larger HARQ process:
· Benefits with larger HARQ process number
Traditionally, both the disabling of HARQ feedback and aggregated transmission are considered as alternatives instead of introduction of large HARQ process number. In this section, link-level simulations based with the assumption listed in Table 7 are conducted for performance comparison. 
HARQ disabling:

With disabling of HARQ feedback procedure, the scheduling with conservative MCS is considered to enhance the performance and reliability. But, as the results shown below, comparing to the normal scheduling with HARQ enabling, degradation of performance can be still observed. For example, in case of the usage of conservative MCS, the results listed in Table 2 demonstrates that with additional MCS offset for scheduling, the throughput is impacted. 
Table 2 Performance comparison with different MCS offset

	SINR
	MCS offset = 0
	MCS offset = 1
	MCS offset = 2

	
	Throughput
	Required number for transmission (averaged)
	Throughput
	Throughput

	-4
	0.0966
	1.6168
	0.0816
	0.0829

	0
	0.3089
	1.3730
	0.2379
	0.1511

	4
	0.6013
	1.0400
	0.4209
	0.2597

	8
	1.0055
	1.3586
	0.8384
	0.6264

	12
	1.5601
	1.2652
	1.6549
	1.3772

	16
	2.4598
	1.0679
	2.1794
	1.8454


Similar observation can be made in case of scheduling with MCS table based on lower efficiency as shown in Table 3. According to these results, it can be found that the up to 70% performance loss will be suffered in the NTN system in case of disabling of HARQ with consideration of reliability for initial transmission. 
Table 3 Performance comparison with different MCS table

	SNR
	QAM64 with HARQ enable
	QAM64-LSE with HARQ disable
	Performance loss (%)

	-4
	0.0803
	0.0246
	69.36

	0
	0.2538
	0.1521
	40.07

	4
	0.6178
	0.3327
	46.15

	8
	1.0218
	0.8401
	17.78

	12
	1.6274
	1.4352
	11.81

	16
	2.3452
	2.1638
	7.73


Moreover, in this case, even all of the data is transmitted in RLC-AM mode, without HARQ feeder back, performance degradation still exist. The reason is that the retransmission from RLC is just simple repetition. Comparing to the HARQ in physical layer, no combination gain (e.g., soft combination via RV) can be achieved, which is important for the performance in lower SINR region.
Aggregated scheduling:
Comparing to the continuous transmission with scheduling per TTI, the aggregated scheduling with aggregation factor X (e.g., 2/4/8) is usually considered to enhance the transmission reliability and corresponding signaling overhead (e.g., DCI signaling and required HARQ process) will also be reduced by X times, approximately. In this section, performance comparison between baseline (i.e., normal scheduling with HARQ feedback and target BLER@SINR =10%) and aggregated scheduling are conducted.  
For example, as the results shown in Table 4, it can be found with same MCS configuration, the performance degradation is more significant in most of cases with larger X. The reason is that due to the variation of channel, the proper number of retransmission is changed for achieving the combination gain. For transmission by fixed aggregation level, pessimistic condition on the propagation is assumed with redundant resource allocation. Then, it leads to the poor performance.
Table 4 Performance comparison with same MCS with target BLER@SINR = 10%
	SINR
	Baseline
	X = 2
	X = 4
	X = 8

	
	Throughput
	TransNum
	Throughput
	Performance Gain（%）
	Throughput
	Performance Gain（%）
	Throughput
	Performance Gain（%）

	-10
	0.01 
	3.67 
	0.0002 
	-98.04 
	0.01 
	-3.92 
	0.01 
	14.71 

	-8
	0.04 
	2.63 
	0.02 
	-39.83 
	0.02 
	-34.26 
	0.01 
	-67.41 

	-6
	0.06 
	1.65 
	0.05 
	-18.64 
	0.02 
	-58.89 
	0.01 
	-79.44 

	-4
	0.10 
	1.13 
	0.06 
	-43.03 
	0.03 
	-72.22 
	0.01 
	-86.36 

	-2
	0.21 
	1.11 
	0.12 
	-44.07 
	0.06 
	-72.57 
	0.03 
	-85.44 

	0
	0.40 
	1.08 
	0.22 
	-45.75 
	0.11 
	-72.82 
	0.05 
	-86.51 

	2
	0.57 
	1.08 
	0.30 
	-46.77 
	0.15 
	-73.01 
	0.08 
	-86.47 

	4
	0.79 
	1.05 
	0.41 
	-47.48 
	0.21 
	-73.74 
	0.10 
	-86.88 

	6
	0.97 
	1.08 
	0.53 
	-45.72 
	0.26 
	-72.83 
	0.13 
	-86.37 

	8
	1.30 
	1.08 
	0.71 
	-45.65 
	0.35 
	-72.82 
	0.18 
	-86.41 

	10
	1.57 
	1.08 
	0.86 
	-45.40 
	0.43 
	-72.83 
	0.21 
	-86.34 

	12
	1.86 
	1.08 
	1.01 
	-45.60 
	0.51 
	-72.83 
	0.25 
	-86.41 

	14
	2.26 
	1.08 
	1.23 
	-45.65 
	0.61 
	-72.83 
	0.31 
	-86.41 

	16
	2.55 
	1.08 
	1.40 
	-45.31 
	0.69 
	-72.83 
	0.35 
	-86.36 


In order to further evaluate the impacts of aggregated transmission, simulation cases with different assumed MCS are considered. According to the results shown in Table 5, it can be found that although with increasing of the modulation order, the throughput of aggregated modulation is enhanced, degradation still exists comparing to the baseline is improved in most of cases. 
Moreover, after cross comparison with larger X listed in Table 6, future improvement on the results only occurs for the low SINR case (e.g., SINR = -10). For other cases, the throughput is degraded.
Table 5 Performance comparison with different MCS in case X = 2
	SINR
	Baseline
	X = 2
target BLER@SINR = 20%
	X = 2
target BLER@SINR = 50%
	X = 2
target BLER@SINR = 90%

	
	Throughput
	Throughput
	Performance Gain (%)
	Throughput
	Performance Gain (%)
	Throughput
	Performance Gain (%)

	-10
	0.0102 
	0.0002 
	-98.04 
	0.0002 
	-98.04 
	0.0002
	-98.04 

	-8
	0.0359 
	0.0216 
	-39.83 
	0.0216 
	-39.83 
	0.0216
	-39.83 

	-6
	0.0574 
	0.0467 
	-18.64 
	0.0467 
	-18.64 
	0.0562
	-2.09 

	-4
	0.0997 
	0.0651 
	-34.70 
	0.0905 
	-9.23 
	0.1165
	16.85 

	-2
	0.2067 
	0.1301 
	-37.06 
	0.1639 
	-20.71 
	0.2028
	-1.89 

	0
	0.3996 
	0.2280 
	-42.94 
	0.2593 
	-35.11 
	0.3024
	-24.32 

	2
	0.5683 
	0.3242 
	-42.95 
	0.3587 
	-36.88 
	0.3796
	-33.20 

	4
	0.7863 
	0.4354 
	-44.63 
	0.4765 
	-39.40 
	0.5205
	-33.80 

	6
	0.9719 
	0.5567 
	-42.72 
	0.6111 
	-37.12 
	0.6398
	-34.17 

	8
	1.3034 
	0.7253 
	-44.35 
	0.7841 
	-39.84 
	0.832
	-36.17 

	10
	1.5660 
	0.8872 
	-43.35 
	0.9295 
	-40.64 
	1.1038
	-29.51 

	12
	1.8604 
	1.0341 
	-44.42 
	1.1015 
	-40.79 
	1.3519
	-27.33 

	14
	2.2582 
	1.2508 
	-44.61 
	1.3155 
	-41.75 
	1.5393
	-31.84 

	16
	2.5541 
	1.4259 
	-44.17 
	1.5350 
	-39.90 
	1.786
	-30.07 


Table 6 Performance comparison with different MCS in case of X = 4
	SINR
	Baseline
	X = 4
target BLER@SINR = 20%
	X = 4
target BLER@SINR = 50%
	X = 4
target BLER@SINR = 90%

	
	Throughput
	Throughput
	Performance Gain (%)
	Throughput
	Performance Gain (%)
	Throughput
	Performance Gain (%)

	-10
	0.0102 
	0.0098 
	-3.92 
	0.0098 
	-3.92 
	0.0098
	-3.92 

	-8
	0.0359 
	0.0236 
	-34.26 
	0.0236 
	-34.26 
	0.0236
	-34.26 

	-6
	0.0574 
	0.0236 
	-58.89 
	0.0236 
	-58.89 
	0.035
	-39.02 

	-4
	0.0997 
	0.0330 
	-66.90 
	0.0449 
	-54.96 
	0.0615
	-38.31 

	-2
	0.2067 
	0.0656 
	-68.26 
	0.0808 
	-60.91 
	0.1006
	-51.33 

	0
	0.3996 
	0.1135 
	-71.60 
	0.1295 
	-67.59 
	0.1512
	-62.16 

	2
	0.5683 
	0.1647 
	-71.02 
	0.1843 
	-67.57 
	0.2131
	-62.50 

	4
	0.7863 
	0.2177 
	-72.31 
	0.2382 
	-69.71 
	0.2602
	-66.91 

	6
	0.9719 
	0.2785 
	-71.34 
	0.3058 
	-68.54 
	0.3588
	-63.08 

	8
	1.3034 
	0.3627 
	-72.17 
	0.3918 
	-69.94 
	0.4701
	-63.93 

	10
	1.5660 
	0.4457 
	-71.54 
	0.4646 
	-70.33 
	0.5573
	-64.41 

	12
	1.8604 
	0.5170 
	-72.21 
	0.5507 
	-70.40 
	0.6731
	-63.82 

	14
	2.2582 
	0.6251 
	-72.32 
	0.6578 
	-70.87 
	0.7697
	-65.92 

	16
	2.5541 
	0.7137 
	-72.06 
	0.7626 
	-70.14 
	0.8921
	-65.07 


Observation 2: It’s beneficial to support the HARQ procedure with larger process number in NTN case.

· Feasibility to support larger HARQ process number

Normally, for supporting larger number of HARQ process will lead to the larger buffer size at both gNB and UE side for data collection. However, in NTN system, the impacts of such operation is negligible since the existing capability of equipment is already to be able support the large data rate in terrestrial network:

1. MIMO layer: In terrestrial network, for DL transmission, the 4 layers case can be supported with typical NR UE with 2T4R. But in NTN system, single layer transmission is the most case since the propagation between satellite and UE is dominated by LoS condition and only one port at satellite is used as typical configuration.
2. MCS: In NR for supporting high data rate, scheduling with the MCS up to 256QAM can be supported. However, in NTN case, based on the link budget shown in [3], only up to 16 QAM can be considered in some case, but for others, QPSK is more typical.

3. Carrier aggregation: although the number of supported carrier for aggregation is up to the frequency operation band, typically, operation with 4 bands can be supported. However, in NTN, only single CC is assumed for existing service. 

Based on the comparison above, it’s clear that even with same assumption of carrier aggregation, due to the limits of link budget and propagation condition, still less data rate (at least 1/4 of the peak data rate) will be supported for NTN comparing to terrestrial network. It means that the enlarging of the HARQ process number is still affordable by existing UE/BS capability. 
Observation 3: The impacts on the UE/BS capability with supporting of larger HARQ process number is affordable.

Proposal 1: Extension of the maximum supported HARQ process number, e.g., up to 256, can be the baseline for NTN.
Based on the existing mechanism for HARQ indication, for supporting larger number of HARQ process, e.g., 256, typical two options can be considered as following:
· Option-A: enlarged DCI payload;

· Option-B: Re-interpretation of Bits in DCI

In Option-A, the current payload of DCI should be enhanced, which will has significant spec impacts, and more specifically, the DCI detection performance may be degraded and more detailed evaluation is needed. Then, the Option-B is more preferred. In this way, with assistance information from high layer signaling (e.g., supporting more than 16 HARQ process number), the re-interpretation of DCI bits can be easily achieved.  
Proposal 2: Re-interpretation of bits in DCI can be considered to support the HARQ indication with extended maximum HARQ process number.
3 Conclusions
In this contribution, the potential issues on the HARQ procedure with consideration of the characteristics of NTN transmission are discussed with following observation and proposals:
Observation 1: Larger number of HARQ process is required to support most of cases in NTN.

Observation 2: It’s beneficial to support the HARQ procedure with larger process number in NTN case.

Observation 3: The impacts on the UE/BS capability with supporting of larger HARQ process number is affordable.

Proposal 1: Enhanced indication of HARQ process number up to 256 can be the baseline for study.

Proposal 2: Re-interpretation of bits in DCI can be considered to support the HARQ indication with maximum supported number larger than 16.
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Appendix

Table 7 Simulation assumption for performance evaluation with/without HARQ

	Elevation
	30 degree

	UE speed
	0,3 km/h

	Channel model
	NTN-CDL-D

	Altitude
	600km

	MCS table
	QAM64/ QAM64-LSE

	Target BLER
	0.1

	HARQ
	Enable/disable

	RB
	8


6

