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1 Introduction
In RAN#86 meeting [1] , the WI for NTN has been endorsed with following scope in RAN1:
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]

· Enhancements on UL time and frequency synchronization [RAN1,RAN2]

· HARQ

· Number of HARQ process [RAN1]

· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

In this contribution, views on the enhancement for HARQ procedure are elaborated with potential enhancements according to the identified scope above (marked as green).
2 Discussion on the problem w.r.t HARQ in NTN
In the existing system, the HARQ entity is mainly introduced for scheduling management, e.g., initial transmission and re-transmission. From physical layer perspective, with proper HARQ process number, continuous transmission for each UE can be supported with promising performance in case of failed initial-transmission via RVs combination. Therefore, 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 regarding of the elevation angle for both service/feeder link (e.g., for transparent load) and satellite altitude. For example, 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 Exemplified HARQ process number in NTN 

	Scenarios/Para
	Transparent LEO
	Transparent GEO

	
	600 km
	1200 km
	

	
	Max
	Min
	Max
	Min
	Max
	Min

	RTT (ms)
	20.89
	4
	41.77
	8
	541.46
	238.6

	HARQ process number
	SCS = 15KHz
	21
	4
	42
	8
	542
	239

	
	SCS = 120KHz
	168
	32
	335
	64
	4332
	1909


Observation 1: Existing HARQ process number is not sufficient to support NTN case.

3 Discussion on the enhancement of HARQ in NTN

For dealing with the identified issue, enhancement on HARQ from two aspects are highlighted in NTN WI. In this section, details of each solution with corresponding use case are elaborated.
3.1 Enhancement on the HARQ process number
As mentioned in section 2, with proper HARQ process number, the performance for each UE can be ensured. In this section, further justification on the performance, feasibility and corresponding enhancement are listed below:
3.1.1 Performance evaluation
· Enlarged HARQ process vs HARQ disabling with conservative scheduling: 
Traditionally, in order to achieve comparable decoding performance as the RV combination gains in HARQ, conservative scheduling (e.g., scheduling with additional MCS offset, lower target BLER) and aggregated transmission (which is also similar to the blind re-transmission, in which, single TBs are transmitted in multiple times with different RVs regardless of channel condition) are considered as potential alternatives:
1. Scheduling with conservative MCS: 
The performance evaluation with conservative MCS is considered to enhance the performance and reliability based on the assumption listed in Table 4. However, 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


Observation 2: Performance gain can be achieved for the results based on enlarged HARQ process number comparing to the scheduling with disabled HARQ feedback and conservative scheduling, e.g., MCS offset and MCS table with LSE. 
2. Lower target BLER scheduling:
Normally, the HARQ process with corresponding ACK-NACK feedback can be used to achieve the scheduling efficiency with reasonable target BLER for scheduling, e.g., 10%.  For achieving the same performance without ACK/NACK, scheduling with lower target BLER (e.g., 1%, which is optimistic than the value defined in QAM64-LSE table with results shown in Table 3) is also preferred by some companies with consideration on the steep BLER curve for certain MCS under AWGN-alike channel.
With further increasing the BLER to 1% according to the simulation assumption listed in Table 5, detailed performance comparison with more comprehensive results in different channel conditions are illustrated in Figure 1 ~ Figure 4.
More specifically, it can be found that under the channel Condition-1 shown in Figure 1, (e.g., with larger K-factor and less delay spread), the similar performance can be observed that among the scheduling cases with HARQ at BLER target equating to 1% and 10%, and without HARQ at BLER target equating to 1%. 
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Figure 1 Performance comparison with different target BLER with channel assumption Condition-1

The reason is that due to the steep curve of BLER, even with different assumption of target BLER for CQI feedback/scheduling, almost the same MCS are selected for scheduling. 
In such case, once the channel is extremely flat over both time and frequency domain as assumed in Condition-1, the benefits with introduction of HARQ, e.g., soft combination, to overcome the variation of channel condition, is marginal. 
However, the channel Condition-1 is only a special case for NTN. As the channel defined in [3], for most of cases, frequency-/time-selectivity on the channel gain exists and the benefits on the HARQ process can be achieved.
For example, as the result shown in Figure 2, even with same assumption on the terrestrial scenario (e.g., sub-urban) but slightly change on the elevation angle from 30 to 90 degree, performance gain with increasing the number of HARQ processes can be achieved in the medium SINR region. 
With further investigation on the case with same elevation angle but in different terrestrial scenario (e.g., urban), as shown in Figure 3, same performance gain as the Condition-2 are also observed. 
And more significant gain at both lower and medium SINR region can be observed to justify the benefits of HARQ processes in Figure 4 in Condition-4. In this case, same assumption on the terrestrial scenarios and elevation angle as Condition-1 are used with changes on the LoS condition to NLoS. It means that the dramatically variation of channel is suffered for the transmitted data.
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Figure 2 Performance comparison with different target BLER with channel assumption Condition-2
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Figure 3 Performance comparison with different target BLER with channel assumption Condition-3
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Figure 4 Performance comparison with different target BLER with channel assumption Condition-4
Observation 3: Performance gain can be achieved for the results based on enlarged HARQ process number comparing to the scheduling with disabled HARQ feedback and lower target BLER.
· Higher layer re-transmission scheme:
According to the existing design of ARQ in higher layer with assumption that all traffics are transmitted in RLC-AM mode, the corresponding ARQ report is expected once all PHY TBs, which are belong to the same RLC PDU, is failed. In this way, without supports of HARQ in physical layer, performance degradation and additional latency for transmission is be suffered based on results according to the assumption listed in Table 6.
More specifically, as shown in Figure 5, it can be found that with support on the HARQ with proper processing number, around 40% performance gain can be achieved w.r.t the mean value from both beam and UE perspective. 
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Figure 5 Illustration of RLC-layer throughput comparison in case of lambda = 5 
(HARQ enable: RU=9.04%, HARQ disable: RU=23.14%)
More specifically, as shown in Figure 6, it can be found that the performance gain will be even larger since with more high traffic load, the benefits of larger HARQ process will be more obvious to support the continuous transmission.
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Figure 6 Illustration of RLC-layer throughput comparison in case of lambda = 20 

(HARQ enable: RU=39.98%, HARQ disable: RU=68.03%)
Observation 4: Performance gain can be achieved for the results based on enlarged HARQ process number comparing to the scheduling with disabled HARQ feedback and RLC-ARQ.
· TDMed scheduling with less HARQ process
As mentioned before, one of the basic functionality of HARQ process is to enable the continuous scheduling for each UE with the consideration to achieve the large throughout. If less number of HARQ process, e.g., less than the RTT, is supported, from the gNB perspective, the scheduling for each UE, can only be done in TDM manner as shown in Figure 7, e.g., on the part of DL resource are available with limited HARQ process number. Then, the throughput of each UE will degraded, especially for the UE with high traffic. With consideration on the typical use case for NTN, e.g., vehicle mounted VSAT terminal as the access point serving other UEs or with IAB structure, the traffic for such UE will be the combination from a lot of UEs, with TDMed scheduling, the experience for each UE are pessimistic.
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Figure 7 Illustration of scheduling with less HARQ process
Observation 5: Performance gain can be achieved for the results based on enlarged HARQ process number comparing to the TDM-ed scheduling with less HARQ process number.
With the overall performance evaluation and analysis, it can be found that obvious performance gain can be found to ensure the UE throughput even with slightly increase the number of HARQ process. With consideration on the potential commercial case of NTN network, it should be noticed that except for as the complementary of terrestrial network to provide the wider coverage, promising throughput performance is also critical for other usage with huge traffic load, e.g., to support the vehicle mounted UE or access point.
Observation 6: It’s necessary to support the HARQ procedure with larger process number in NTN case.

3.1.2 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 required capability is already supported in terrestrial network with analysis on following aspects:
· MIMO layer: In NR, as one typical case for DL transmission, it is typical to support at least 4 MIMO layers in the bands where 4Rx is specified and at least 2 MIMO layers in FR2. 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 due the resource reuse via polarization [5].
· 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 [2], only up to 16 QAM can be considered in some case, but for others, QPSK is more typical.

· Carrier aggregation: In NR, carrier aggregation with up to 16 CC are supported, although for each UE, the number of supported carrier for aggregation is up to capability. However, in NTN, as typical assumption, only single CC is considered 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 slight enlarge of the HARQ process number is still affordable by existing UE/BS capability. 
Moreover, even with support on the larger HARQ process from specification perspective, according to the existing signaling mechanism, the number of processes the UE may assume will at most be used for the downlink can be still changed up to the configuration to each UE by higher layer parameter nrofHARQ-ProcessesForPDSCH. In this way, the flexibility up to the use case can be still kept and the supports on the larger HARQ process number can be considered as an optional feature. 
Observation 7: The impacts on the UE/BS capability with support on extended HARQ process number is affordable.

Proposal 1: Extension of the maximum supported HARQ process number, e.g., up to 32, should be supported for NTN.
3.1.3 Solutions to support larger HARQ process number

Based on the existing mechanism for HARQ indication, for supporting larger number of HARQ process, e.g., 32, 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 should be considered as the baseline to support the HARQ process indication with extended maximum HARQ process number.
3.2 Enabling/disabling of HARQ feedback
According the analysis in section 2, even with increasing of HARQ process number to 32, which is still not available to support all scenarios of NTN, especially for GEO. In this case, the disabling of HARQ feedback can be considered as one complementary solution as discussed in SI [2]. More specifically, to ensure the flexibility for scheduling, it’s preferred to disabling of feedback for each HARQ process in per UE, per HARQ process manner. Meanwhile, to further matching the different requirements of traffic and signaling, such operation can be further done per LCH. However, to ensure the successful reception some critical information from BS, e.g., RRC configuration or MAC CE, at least one HARQ process with feedback should be ensured from scheduling perspective.

Proposal 3: Enabling/disabling of HARQ feedback in per UE, per HARQ process and per LCH should be supported.
Proposal 4: As one baseline assumption, at least one HARQ process with HARQ feedback should be kept. 

· FFS on whether and how to capture it in specification

3.3 Additional enhancement for performance improvement

In addition to the aforementioned enhancement on HARQ process, following aspects can also be considered to improve the performance in NTN case:
· Increase of K1 value for scheduling
In case of the continuous DL transmission with enlarged HARQ process, the enlarged K1 value to match the HARQ feedback should be needed. For example, for satellite with FDD, the K1 value should be at least larger than the UE specific TA value as identified in [6]. Meanwhile, with consideration on the optimized scheduling for HAPS/ATG case with TDD as shown in Figure 8, corresponding extension of K1 value is also preferred.
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Figure 8 Illustration of configuration for scheduling
· Reduced DM-RS density

In current specification, the time domain density of DM-RS within each scheduling can be flexible adjusted with configuration on the number of additional DM-RS. And in case of aggregation transmission, same pattern are shared cross slots. In NTN case, since limited number of multiple has been identified for the transmission with almost LoS condition [3], the coherence bandwidth in frequency domain is expected to be much larger than terrestrial network. Furthermore, with well compensation on the frequency offset, the corresponding channel variation in time domain is also promising. Therefore, further reduction of DM-RS density for each transmission in both time and frequency domain for each transmission (e.g., with aggregation as typical way for GEO case) can be considered to improve the performance.
Proposal 5: Extension of K1 value should be supported.

Proposal 6: Additional enhancement to minimize the DM-RS overhead can be considered.

4 Conclusions
In this contribution, the issues on the HARQ procedure with consideration of the characteristics of NTN transmission are discussed with following observation and proposals:

Observation 1: Existing HARQ process number is not sufficient to support NTN case.
Observation 2: Performance gain can be achieved for the results based on enlarged HARQ process number comparing to the scheduling with disabled HARQ feedback and conservative scheduling, e.g., MCS offset and MCS table with LSE.
Observation 3: Performance gain can be achieved for the results based on enlarged HARQ process number comparing to the scheduling with disabled HARQ feedback and lower target BLER.

Observation 4: Performance gain can be achieved for the results based on enlarged HARQ process number comparing to the scheduling with disabled HARQ feedback and RLC-ARQ.
Observation 5: Performance gain can be achieved for the results based on enlarged HARQ process number comparing to the TDM-ed scheduling with less HARQ process number.

Observation 6: It’s necessary to support the HARQ procedure with larger process number in NTN case.

Observation 7: The impacts on the UE/BS capability with support on extended HARQ process number is affordable.

Proposal 1: Extension of the maximum supported HARQ process number, e.g., up to 32, should be supported for NTN.

Proposal 2: Re-interpretation of bits in DCI should be considered as the baseline to support the HARQ process indication with extended maximum HARQ process number.
Proposal 3: Enabling/disabling of HARQ feedback in per UE, per HARQ process and per LCH should be supported.

Proposal 4: As one baseline assumption, at least one HARQ process with HARQ feedback should be kept. 

· FFS on whether and how to capture it in specification

Proposal 5: Extension of K1 value should be supported.

Proposal 6: Additional enhancement to minimize the DM-RS overhead can be considered.
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Appendix

Table 4 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


Table 5 Simulation assumption for scheduling with different target BLER

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	UE speed
	3 km/h

	Channel model
	1. Condition-1:NTN-TDL-D with suburban, 30° elevation angle

2. Condition -2:NTN-TDL-D suburban, 90° elevation angle

3. Condition -3:NTN-TDL-D urban, 30° elevation angle

4. Condition -4:NTN-TDL-A with suburban, 30° elevation angle

	Satellite antenna configuration
	1 Tx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element

	RTT
	{32} ms

	Bandwidth
	5 PRBs

	Target BLER
	HARQ disabled: 1%

HARQ enabled:

a) 1%

b) 10%


Table 6 Simulation assumption for performance comparison with RCL-ARQ based evaluation

	Orbit
	LEO-600

	Satellite parameter set
	Set-1

	UE scenario
	Suburban (100% LOS)

	Carrier frequency
	20 GHz (ka-band)

	Beam number
	19

	FRF
	3

	SCS
	120 kHZ

	Lambda (traffic load per beam)
	5, 20

	HARQ setting
	32 HARQ process
Disabling HARQ feedback


8

