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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the NTN SID[1] and TR38.811[2], HARQ and retransmission management are identified as the key aspects different from terrestrial network. Main technical problem is long propagation latency in NTN system, which will increase the retransmission latency and HARQ process number, and furthermore, it will impact memory buffering.
In this contribution we analyzed HARQ impact due to longer propagation and proposed potential enhancement.

Discussion 
Propagation latency and HARQ process number  
For GEO case, transmission distance from the UE to satellite is up to 35786 km, while in LEO case, the distance from UE to satellite is depending on cell depolyment and satelliate height, but generally far less than LEO case. Transparent bent-pipe communication will own longer transmisison distance, but due to its simplicity, it will be applied with high priority. In order to seek one unified design, HARQ and retransmission mechanism should be adapted to differnt transmision distance. From system design prospective, we may firstly consider the worst case, and use configurable parameter to fit different scenarios. In the table 1, the worst propagation delay and HARQ process number are shown. 
[bookmark: OLE_LINK14]Table 1: the largest propagation delay and HARQ Process number in NTN 
	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite – UE
	40586
	135.286

	GW : 5°
	satellite – gateway
	41126.6
	137.088

	90°
	satellite – UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751

	
	
	
	

	Numerology assumption
	15khz
	120khz

	HARQ process number in
Bent-pipe communication  
	545
	4360



Obviously, required HARQ process number is huge in bent-pipe mode, especially in higher SCS case. Hence, even if the retransmission delay is tolerable for some services, the UE memory buffering is unacceptable in reality. Then, some new solutions to address this issue should be considered.

HARQ enhancement in NTN  
In NR Rel-15, only maximum HARQ process number is specified. If used in NTN, it may not be a good configurtion in long RTT. For instance, if configure the 4360 HARQ process number in GEO case shown in table 1, it seems inrealstic. In this sense, we think HARQ retransmission should be configurable for different service, or different UE. In delay tolerant service, HARQ mechanism can be activated, but for delay urgent service, HARQ retransmission should be disabled. Another aspect is UE capability associated with HARQ. If the memory capacity is good enough, the devivce can be configured with more HARQ process number, vice versa, less HARQ process number can be used. Furthermore, the HARQ process number is also relevant to RTT length, but it is not necessary to support unique HARQ process number within a RTT durtion.
Proposal 1: HARQ deactivation and HARQ process number should be configurable with UE specific way.
When the HARQ funtionality is disabled, it means HARQ feedback is not needed, and also the buffer can be emptied. For example, when UE receives the command of HARQ deactivation, for PDSCH, UE will empty the buffer after finishing the data detection, and HARQ-ACK feedbck is not disabled. For PUSCH, UE will empty the buffer after finishing data transmission. In this case, HARQ deactivation can help UE to flush the buffer quickly and reduce the buffering burden.
Obesrvation 1: HARQ deactivation can help to reduce HARQ-ACK feedback and data buffering burden.

[bookmark: _GoBack]Regarding how to deactivate the HARQ opertion, since the service is changed from time to time, dynamic configuration is desired. RRC configuration is a bit slow, actually not feasible in mxied service case. Per service configurable is not visible in physical layer, hence, using DCI based configuration is preferred. A straightforward way is to use additional indication field in DCI to deactivate HARQ retransmission. Nevertheless, one better method is reusing HARQ configurtion field in DCI. For example, use a certain HARQ process ID or a HARQ process ID set to differentiate normal HARQ operation and HARQ deactivation. When UE is informed with a specicl HARQ ID, UE will know this PDSCH transmission without retransmission and empty the buffer after data processing. Additional field can be avoided. Using the method, HARQ configuration is self-contained, no additional impact in control signalling design, because this specific HARQ process ID is included in effective HARQ process number.
Proposal 2: Dynamic DCI configurtion with specific HARQ process ID to deactivate HARQ retransmission in NTN is supported.   

Conclusions
In this contribution, we analzyed HARQ impact due to longer propogation delay in NTN, and proposed one simple solution to deactivate HARQ meachansm . 
On the functionaility of HARQ deactivation, an observation is gotten: 
Obesrvation 1: HARQ deactivation can help to reduce HARQ-ACK feedback and data buffering burden.

On how to configure the HARQ deactivation, we propose:
Proposal 1: HARQ deactivation and HARQ process number should be configurable with UE specific way.
Proposal 2: Dynamic DCI configurtion with specific HARQ process ID to deactivate HARQ retransmission in NTN is supported. 
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