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1. Introduction
In terms of HARQ for NTN systems, 3GPP RAN1 #97 meeting made the following agreement [1]:
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 3GPP RAN1 #98 meeting, the following conclusion is made[2]:
Conclusion:
RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following
· [bookmark: OLE_LINK8]The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis
In this contribution, we mainly share our considerations on DCI contents & transmission enhance scheme for HARQ disabled case, and present the potential HARQ enhance mechanism for handle the large RTT when HARQ is enabled.
2. [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK19][bookmark: OLE_LINK18]Discussion on DCI contents when HARQ disabled 
If HARQ is disabled, it is nature that some fields are not useful any more. Then, the DCI can be modified by removing some HARQ related fields to reduce the DCI size. For the objective of analysis, here we consider two cases: 1) HARQ feedback disabled; 2) HARQ feedback enabled without soft buffer combination at the receive side. For case 1, there is no HARQ-ACK feedback; while for case 2, the UE still needs to feedback the HARQ-ACK, but the gNB would retransmit the failed TBs as a new block. Here, we focus on the DCI contents discussion, and both above cases are considered. 
Case 1: HARQ feedback disabled
In this case, as no HARQ-ACK is needed, thus PUCCH related fields and HARQ-ACK codebook related fields are not needed anymore. Also, since no soft buffer combination is operated at the receive side, NDI (New data indicator) and RV (Redundancy version) field are useless. 
[bookmark: OLE_LINK9]In addition, according to the RAN 2 agreement, the enabling / disabling of HARQ feedback should be configurable on a per UE or HARQ process or logical channel basis. Hence, HARQ process number field may be reused for higher layers to indicator the HARQ disable to the UE. However, if the HARQ is disabled by RRC signaling, it needs further study whether this filed should be kept or not. As list in table 1, the HARQ related DCI fields can be removed when HARQ feedback disabled.
Table 1 DCI fields removed when HARQ disabled
	HARQ related DCI fields
	Format 1-0 （bits）
	Format 1-1 （bits）

	[HARQ process number]
	4
	4

	[bookmark: OLE_LINK22]New data indicator (NDI)
	1
	1

	Redundancy version (RV)
	2
	2

	Downlink assignment index (DAI)
	2
	0,2,4

	TPC command for scheduled PUCCH
	2
	2

	PUCCH resource indicator
	3
	3

	PDSCH-to-HARQ feedback timing indicator
	3
	0,1,2,3


Case 2: HARQ feedback enabled without soft buffer combination
If the network enables the HARQ-feedback and disables the soft buffer combination, the UE should feedback the ACK/NACK to network for DL data transmission. In this case, PUCCH & HARQ-ACK codebook related fields are still needed, while NDI and RV fields can be removed. Furthermore, it needs further study whether HARQ process number filed be kept or not.
Table 2   DCI fields removed when soft buffer combination disabled
	HARQ related DCI fields
	Format 1-0 （bits）
	Format 1-1 （bits）

	[HARQ process number]
	4
	4

	New data indicator (NDI)
	1
	1

	Redundancy version (RV)
	2
	2


[bookmark: OLE_LINK16]Also, note that if some fields are removed, it means that the size of DCI format 1-0 is changed. No additional DCI size is expected to be monitored by the UE. 
[bookmark: OLE_LINK1]Proposal 1: When HARQ is disabled, consider removing or reusing some HARQ related fields in DCI. 
3. [bookmark: OLE_LINK10]The transmission reliability enhance mechanism when HARQ disabled 
It is obvious that, disabling HARQ feedback will increase the residual block error rate because HARQ feedback based re-transmissions are not allowed anymore. In order to guarantee the data transmission reliability when HARQ disabled some enhance mechanisms should be considered. The potential way is to allow blind multiple transmission of the same TB without waiting for the HARQ feedback. This mechanism can be configured through the network configuration.
[bookmark: OLE_LINK4]Note that, in Rel-15, multiple transmission of the same TB can be allowed in consecutive slots only. For NTN, considering the long RTT propagation time, multiple transmissions in in-consecutive slots can be considered. For example, as shown in Fig.1, the network can identify the number of repetitions of a TB based on the budget analysis, and select several slots to transmit the repetitive TB. Furthermore, the network can configure the slot interval to inform the multiple in-consecutive slots. Compared with the repetition in consecutive slots, time diversity gain can be obtained, and the power consumption at the receiver can also be reduced as additional detection can be saved if the TB is detected successfully using the first transmission only. 


[bookmark: OLE_LINK15]Figure 1. The transmission reliability enhance mechanism when HARQ disabled 
Hence, for the HARQ transmission reliability enhance mechanism we have the following proposals:
[bookmark: OLE_LINK2]Proposal 2: The multiple transmissions of same TBs in in-consecutive slots can be considered when HARQ is disabled. And at least the following aspects should be included for the configuration: 
· Repetition number 
· The slot interval of repetition slots	
[bookmark: OLE_LINK3]The configuration of this scheme can be signaled via RRC signaling in a semi-static way. Besides, reusing HARQ related fields in DCI to indicate the repetition number and repetition slots can be considered also.
4. HARQ process number considerations for NTN
In NR, a 4-bit HARQ process number field in DCI is used to indicate the HARQ process ID, which supports up to 16 HARQ processes. However, for NTN scenario, the number of HARQ processes need to be further extended according to the RTT delay. For example, assuming 15kHz reference subcarrier spacing, the minimum required number of the HARQ processes for GEO and LEO will be 600 and 50, respectively. Retaining only 16 HARQ processes would have a big impact on NTN. Thus, one approach to extend the HARQ process number to a larger value. However, in order to control the DCI overhead, the size of HARQ process number field can be remained to be 4-bit or just increase a little, e.g., 5-bit, 
Proposal 3: Support more than 16 HARQ process number in NTN. In order to control the DCI overhead and maintain a certain flexibility at the same time, the size of HARQ process number field can be remained to be 4-bit or just increase to be 5-bit.
With limited size for HARQ process number field in DCI, time window based synchronous and asynchronous HARQ scheme could be considered. For example, a time window or a HARQ process group and group indices could be defined, for the HARQ process in the same group, they are used in a asynchronous manner, while for different HARQ process groups, they are used in a synchronous manner. The details are explained as following. 
[bookmark: OLE_LINK17]Illustrated as Fig. 2, a period is configured and total 10 windows are within the period. Each window is configured to be 16 slots, that is, 16 HARQ processes are supported during one window. If the initial transmission of the TB fails, then the gNB would reschedule the TB in the corresponding window with the same index during the next period. That is, the retransmission is limited to the same-index time window. Higher layer signaling is needed to configure the period and the time window. Another  expression of this method is to identify each HARQ process ID through a function with the window index and the 4-bit HARQ process number field in DCI. 
The HARQ process ID computation function can be presented as, 
HARQ process ID = window index *C+HARQ process number
[bookmark: _GoBack]where C refers to the supported number of HARQ processes for each window, and HARQ process number is the value obtained through HARQ process number field. Then, the failed TBs can be retransmitted as long as the HARQ process ID is kept to be same during the next period. By configuring appropriate value of C, this function allows the flexibility that the retransmission is not limited within a corresponding time window.


Figure 2. The HARQ process ID computed based on a time domain window index
In terms of the asynchronous HARQ scheme, a retransmission time window can be identified through a reference point, e.g. the reference point is the slot allocated for PUCCH with HARQ-ACK transmission. That is, if NACK is detected, then the gNB would reschedule the failed TB in the following window, where the first slot of this window starts after a configured offset, as shown in Fig. 3. This scheme provides the benefit that the PUCCH can be configured more flexibly.
[image: C:\Users\cmcc\AppData\Roaming\Tencent\Users\89615472\QQ\WinTemp\RichOle\PJDZUN9MNI%JS`2[P@(3D@6.png]
Figure 3. The data retransmission window is based on the slot where NACK is transmitted 
[bookmark: OLE_LINK23]Proposal 4: The time domain window based synchronous and asynchronous HARQ scheme can be considered for the data retransmission in NTN.
5. Conclusion
[bookmark: OLE_LINK5]In this contribution, we mainly discussed HARQ for NTN. The following proposals are given:
Proposal 1: When HARQ is disabled, consider removing or reusing some HARQ related fields in DCI.
[bookmark: OLE_LINK6]Proposal 2: The multiple transmissions of same TBs in in-consecutive slots can be considered when HARQ is disabled. And at least the following aspects should be included for the configuration: 
· Repetition number 
· The slot interval of repetition slots	
Proposal 3: Support more than 16 HARQ process number in NTN. In order to control the DCI overhead and maintain a certain flexibility at the same time, the size of HARQ process number field can be remained to be 4-bit or just increase to 5-bit.
Proposal 4: The time domain window based synchronous and asynchronous HARQ scheme can be considered for the data retransmission in NTN.
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