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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

In this contribution, views on the HARQ procedure for NTN are elaborated with potential enhancements.

2 Discussion on the enabled 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. 
In order to get the better understands on the performance difference for NTN system, the preliminary link level results are provided as listed in Table 1 with detailed assumption in Table 5.
Table 1 Performance comparison with/with HARQ 

	SNR
	HARQ enable
	HARQ disable
	Gain (%)

	-4
	0.0803
	0.0791
	1.5171

	0
	0.2538
	0.2509
	1.1558

	4
	0.6178
	0.6006
	2.8638

	8
	1.0218
	0.9707
	5.2642

	12
	1.6274
	1.6017
	1.6045

	16
	2.3452
	2.3082
	1.6030


Based these results, it can be found that in case of the enabling of HARQ, up to 6% performance gain can be achieved in the typical SINR range of NTN system as shown in  [2]. 
Observation 1: Performance gain with enabled HARQ process can be achieved in NTN system.

Considering the above evaluation, enabling of the HARQ process seems to be necessary. However, in NTN system, 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 cases with extremely lower elevation angle for both service/feeder link as listed Table 2, 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 2 RTT for the cases with 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

	Additional Bits
(SCS = 15KHz)
	1
	0
	2
	1
	6
	5

	Additional Bits
(SCS = 120KHz)
	4
	3
	5
	4
	9
	8


More specifically, comparing to the current design with 4 bits in DCI, as highlighted in Table 2, larger number of bits, e.g., up to 10 additional bits is needed for GEO, but less number of bits for LEO, even with altitude equating to 1200km. 

For satisfying the above requirement, 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 potential assistance from high layer signaling, the re-interpretation of DCI bits can be easily achieved.
Moreover, considering the potential required spec impacts and performance of DCI, enhancement on the HARQ indication with additional bits up to 4 can be prioritized firstly. In this way, up to 256 HARQ process number can be supported, which can be used for most of application case in NTN with consideration of different SCS configuration for PDSCH/PUSCH configuration. 
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.
3 Discussion on the disabled HARQ in NTN
As mentioned in the agreement above, the disabling of HARQ procedure by network via high layer signaling, e.g., RRC, is supported. In this case, if the feedback of all HARQ process are disabled, the retransmission will mainly relay on the higher layer operation, e.g., RLC and TCP with larger latency. For ensuring the reliability of each transmission, the following solutions are usually considered:

1. Scheduling with conservative MCS

In this way, based obtained channel condition via either UL measurement or reported from UE, at gNB, additional offset can be considered for the CQI calculation for MCS selection with better robustness, e.g., CQI_used = CQI_real – offset. The determination of offset relays on the scheduling principles at gNB.

2. MCS table with lower target BLER.

For reducing the latency of scheduling, similar as URLLC, the MCS table with lower transport block error probability as well as spectral efficiency will be used for the DL/UL transmission (e.g., Table 5.1.3.1-3[4]) and CSI report (Table 5.2.2.1-4 with target BLER less than 0.001% [4]).
3. Repetition with RV cycling:

In current NR specification, the slot aggregation is introduced for both DL and UL transmission with RV cycling to ensure the reliability of transmission. The same operation can be used for NTN. Moreover, instead of the RRC configuration, for enhancing the flexibility of scheduling, the indication of corresponding parameters, e.g., repetition number, can be signalled to UE together with other information in DCI. In this way, the scheduling will be always conducted with the “new data” and after the detection of received data, the buffer for the certain HARQ will be refreshed, namely single HARQ process will be enough.

4. Blind scheduling of retransmission

Similar to the repetition, the gNB will conduct the blind scheduling of retransmission with consecutive grants. In this way, different MCS and RV can be assigned for each scheduling and UE will terminate the monitor of the corresponding scheduling once successful decoding is achieved. Meanwhile, single HARQ process will be enough for the transmission.
However, with introduction of these operation, performance of the NTN system will be degraded. For example, in case of the usage of conservative MCS, the results listed in Table 3 demonstrates that with introduced the MCS offset for scheduling, the throughput is degraded, and for certain cases (marked in yellow), the retransmission is still needed.
Table 3 Performance comparison with different MCS offset

	SNR
	MCS offset = 0
	MCS offset = 1
	MCS offset = 2

	
	Throughput
	Required number for transmission (averaged)
	Throughput
	Required number for transmission (averaged)
	Throughput
	Required number for transmission (averaged)

	-4
	0.0966
	1.6168
	0.0816
	1.1738
	0.0829
	1.1454

	0
	0.3089
	1.3730
	0.2379
	1.0879
	0.1511
	1.0236

	4
	0.6013
	1.0400
	0.4209
	1.0078
	0.2597
	1.0000

	8
	1.0055
	1.3586
	0.8384
	1.0097
	0.6264
	1.0000

	12
	1.5601
	1.2652
	1.6549
	1.0506
	1.3772
	1.0058

	16
	2.4598
	1.0679
	2.1794
	1.0019
	1.8454
	1.0000


For further reducing the required number of HARQ process, the MCS table with lower efficiency is considered as the results listed in Table 5. 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 4 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


Observation 1: Significant performance loss will occurs in case of combination of HARQ disabling and latency reduction in NTN system.
According to the analysis above, in order to achieve the balance between requirements on the throughput and latency for the usage of NTN network, e.g., for satisfying the different QoS requirement, the partial disabling of the HARQ process can be further considered in addition to aforementioned agreement. For example, in case of X-HARQ processes are supported in NTN system, only Y of them can be used with ACK/NACK feedback for the corresponding transmission, which can be indicated via the additional signaling. W.r.t the dynamic disabling, although more flexibility can be achieved for each transmission, further study on the details may still be needed, e.g., how to indicate it, since the payload of DCI is limited.
Proposal 3: Partially disabling HARQ processes among the configured processes can be considered for NTN.
4 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: Significant performance loss will occurs in case of combination of HARQ disabling and latency reduction in NTN system.
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.
Proposal 3: Partially disabling HARQ processes among the configured processes can be considered for NTN.
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Appendix

Table 5 Simulation assumption for performance evaluation with/without HARQ

	Elevation
	30 degree

	UE speed
	0 km/h

	Channel model
	NTN-CDL-D

	Altitude
	600km

	MCS table
	QAM64/ QAM64-LSE

	Target BLER
	0.1

	HARQ
	Enable/disable

	RB
	8


4

