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1. Introduction
A new work item on non-terrestrial networks (NTN) was approved in RAN#86 meeting [1], with the following objectives: 
	The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.


[bookmark: OLE_LINK1]The detailed objectives in RAN1 as follows:
	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 addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode


In this contribution, we mainly share our considerations on the HARQ process number for NTN, solutions for the HARQ process ID indication in DCI. Then present the potential HARQ enhancement mechanism for handle the large RTT when HARQ is disabled.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Number of HARQ process for NTN
2.1. Increase the number of HARQ processes
In NR, a 4-bit HARQ process number field in DCI is used to indicate the HARQ process ID, which can support 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. 
Furthermore, it is approved in RAN#86 to develop NTN specification in Rel-17 with implicit compatibility to support ATG scenarios to minimize specification effort [1]. Note that as discussed in our company’s contribution [3], in order to support up to 300km coverage range and maximum 1200km/h flight speed in ATG scenario, 20ms TDD switching period with 27DL:4S:9UL TDD configuration and 30kHz SCS is considered to accommodate DL dominated traffic. Therefore, in order to avoid reduction in peak data rates, the required number of the HARQ processes in ATG network will be much larger than 16, e.g., 32.
Based on above discussion, in order to avoid reduction in peak data rates in NTN and ATG network, one solution is to increase the number of HARQ processes to match the larger satellite RTT delay to avoid stop-and-wait in HARQ procedure. If greater than 16 HARQ process IDs with UL HARQ feedback enabled via RRC, in order to control the DCI overhead, the size of HARQ process number field can be remained to be 4-bit in DCI, or just increase a little, e.g., 5-bit. The detailed solutions for greater than 16 HARQ process ID indication are described in next section.
Proposal 1: Support greater than 16 HARQ process number in NTN and keep 4-bit HARQ process number field in DCI or just increase to be 5-bit.
2.2. Solutions for greater than 16 HARQ process ID indication
Keep the 4-bit HARQ process number field in DCI, time window based synchronous and asynchronous HARQ scheme to indicate the additional HARQ processes can 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 Figure. 1, a period is configured and total 10 windows are within one 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 re-transmission is limited within the same-index time window. Higher layer signaling is needed to configure the period and the time window parameters. 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 time window based HARQ process ID computation function can be presented as: 
HARQ process ID = window index *C+HARQ process number
where C refers to the supported number of HARQ processes for each window, and HARQ process number is the value obtained through the 4-bit HARQ process number field in DCI. Then, the failed TBs can be re-transmitted as long as the HARQ process ID is kept to be same during the next period. 


Figure 1. The HARQ process ID computed based on a time domain window index
Proposal 2: The time domain window based HARQ scheme can be used for greater than 16 HARQ process ID indication.
3. [bookmark: OLE_LINK10]The transmission reliability enhancement mechanism when HARQ disabled 
[bookmark: OLE_LINK9]Based on the 3GPP TR 38.821 [2], solutions to avoid reduction in peak data rates in NTN were discussed. One solution is to increase the number of HARQ processes to match the longer satellite round trip delay to avoid stop-and-wait in HARQ procedure. Another solution is to disable UL HARQ feedback to avoid stop-and-wait in HARQ procedure. 
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 enhancement 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 performed 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 Figure.3, the network can identify the number of repetitions of a TB based on the budget analysis, and select several slots to transmit the repetitive TBs. 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 3. The transmission reliability enhance mechanism when HARQ disabled 
Hence, for the HARQ transmission reliability enhance mechanism we have the following proposal:
[bookmark: OLE_LINK2]Proposal 3: The multiple transmissions of same TB in in-consecutive slots can be considered when HARQ is disabled. And at least the following parameters should be included for the configuration: 
· Repetition number 
· The slot interval of repetition slots	
[bookmark: OLE_LINK3]The configuration of the in-consecutive slots re-transmission scheme can be signaled via RRC signaling in a semi-static way. The benefit of this way is that the HARQ related fields in DCI can be removed to decrease the DCI size. Besides, reusing HARQ related fields in DCI to dynamic indicate the repetition number and repetition slots can be considered also. In this way, the existing DCI format can be remained, and redefined the HARQ related fields in DCI to indicator the related in-consecutive slots re-transmission parameters. Another way is to remove the HARQ related DCI fields and introduce some new DCI field to indicate the HARQ re-transmission.
Proposal 4: The following HARQ re-transmission parameters configuration methods can be considered:
· Via RRC signaling semi-static configuration
· Reuse and redefine HARQ related DCI fields
· Remove HARQ related DCI fields and introduced some new DCI fields
4. [bookmark: OLE_LINK23]Conclusion
[bookmark: OLE_LINK5]In this contribution, we mainly discussed HARQ for NTN. The following proposals are given:
Proposal 1: Support greater than 16 HARQ process number in NTN and keep 4-bit HARQ process number field in DCI.
Proposal 2: The time domain window based HARQ scheme can be used for greater than 16 HARQ process ID indication.
[bookmark: OLE_LINK6]Proposal 3: The multiple transmissions of same TB in in-consecutive slots can be considered when HARQ is disabled. And at least the following parameters should be included for the configuration: 
· Repetition number 
· The slot interval of repetition slots
Proposal 4: The following HARQ re-transmission parameters configuration methods can be considered:
· Via RRC signaling semi-static configuration
· Reuse  and redefine HARQ related DCI fields
· Remove HARQ related DCI fields and introduced some new DCI fields
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