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1 Introduction
Large propagation delay and wide geographical coverage of beams in NTN [1] has significant impacts on HARQ. With increasing round trip delay, the UEs will need to maintain the HARQ buffers for a much longer time, thereby resulting in increasing number of HARQ processes. Hence, there is an ongoing discussion on whether to disable HARQ for NTN. 
During RAN2#105 meeting, the impact on HARQ was discussed and the following agreements [2] were made:


	Agreement:

1. Retransmissions at one or several layers shall be supported for NTN and configurable by the network.
2. The network should be able to configure the UE, mentioning whether HARQ is “turned off”.  There is no feedback for transmission if HARQ is turned off.  FFS the impact on other procedures and how to configure.





In this contribution we discuss the implications of enabling and disabling HARQ in NTN.

2 Discussion

HARQ has been traditionally used in terrestrial networks for improving reliability. Using soft-combining gains with retransmissions from the lower layer it is efficient in improving integrity of signalling and data packets. However, incorporating HARQ operations in NTN (especially GEO-NTN), involving high transmission delay will require the transmitter to maintain HARQ buffer for quite long time. This will require a significant increase in number of simultaneous HARQ processes, which can be an additional overhead to the transmitter.
Observation 1: Although HARQ uses soft-combining gains for achieving reliable transmissions, incorporating HARQ operations in NTN (especially Geo-NTN), involving high transmission delays will require the transmitter to maintain a large number of HARQ processes. 

Thus, in RAN2#105 meeting, it has been decided that in NTN the network should be able to configure the UE, mentioning whether HARQ is turned off. In the subsequent parts of the contribution we discuss factors influencing the HARQ configurations and its implications. 
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2.1 Configuration of HARQ Feedback
As we mentioned before, larger propagation delay results in longer round-trip delay (RTD). When the RTD is large, the HARQ transmitter needs to maintain the HARQ buffer for a much longer time. This results in a significant increase in number of simultaneous HARQ processes. Thus, one major factor influencing the enabling or disabling of HARQ feedback is the maximum HARQ buffer size, as this maximum HARQ buffer size indicates the upper-limit of the maximum number of supported HARQ processes.
Proposal 1: Enabling or disabling of HARQ feedback should consider UE’s maximum HARQ buffer-size constraints. The maximum HARQ buffer size indicates the upper-limit of number of supported HARQ processes. 

Depending on the maximum HARQ buffer size constraints, there will be a configurable signalling parameter, i.e. an Information Element (IE) to indicate the enabling or disabling of HARQ feedback. As mentioned in some existing contributions, the enabling and disabling of HARQ feedback can be configured based on the round trip delay [3]. One option could be to disable HARQ feedback for GEO and MEO NTNs [5].
Proposal 2: There will be a configurable signaling parameter to indicate whether HARQ feedback is enabled or disabled. This enabling and disabling of HARQ feedback can be configured based on round trip delay.

2.2 Implications of Disabling HARQ Feedback
Interestingly, the major advantage of HARQ lies in guaranteeing reliability [4]. Thus, if HARQ feedback is disabled in NTN, one approach to increase reliability is to support blind retransmission, with traditional NDI toggling to differentiate the new transmissions from the retransmissions. 
Proposal 3: If HARQ feedback is disabled, blind retransmission can be used to improve the integrity.

Blind retransmissions will increase the traffic to a significant amount. For example, a single blind retransmission can increase the traffic twice, comparing to the original traffic. Hence, configuring blind retransmission can affect the link budget of NTN.
Observation 3: Blind HARQ retransmission can affect the link budget of NTN.

As an alternative to the blind retransmission, robustness of transmissions can be improved by using more conservative (i.e. lower) modulation and coding schemes (MCS). RAN2 should study the possible improvement in reliability by using conservative MCS while not significantly affecting the link budget in NTN. 
Proposal 4: As an alternative to blind retransmissions, RAN2 should study improving the robustness of transmissions in NTN by using more conservative (lower) modulation and coding schemes.  

Proposal 5: Include the TP, mentioned in Appendix, in TR 38.821.

3 Conclusions
In this contribution, we discuss configuring HARQ in NTN. Although HARQ improves reliability in transmission, maintaining HARQ operations in GEO-NTN, involving high propagation delay, might require maintaining a large number of HARQ processes. Hence, RAN2 should decide on a configurable parameter to selectively enable/disable HARQ. Enabling or disabling of HARQ feedback should be decided depending on the maximum HARQ buffer-size constraints in the UE. If HARQ feedback is disabled, blind retransmission and/or conservative modulation schemes can be used to increase reliability.

Observation 1: Although HARQ uses soft-combining gains for achieving reliable transmissions, incorporating HARQ operations in NTN (especially Geo-NTN), involving high transmission delays might require the UE to maintain a large number of HARQ processes. 

Proposal 1: Enabling or disabling of HARQ feedback should consider UE’s maximum HARQ buffer-size constraints. The maximum HARQ buffer size indicates the upper-limit of number of supported HARQ processes.

Proposal 2: There should be a configurable signaling parameter to indicate whether HARQ feedback is enabled or disabled. This enabling and disabling of HARQ feedback can be configured based on round trip delay.

Proposal 3: If HARQ feedback is disabled, blind retransmission can be used to improve the integrity.

Observation 3: Blind HARQ retransmission can affect the link budget of NTN.

Proposal 4: As an alternative to blind retransmissions, RAN2 should study improving the robustness of transmissions in NTN by using more conservative (lower) modulation and coding schemes.
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5 Appendix

--------------------------------------------------------- Start of TP ----------------------------------------------------------------------
[bookmark: _Toc2952268]7.2 		User plane enhancements 
[bookmark: _Toc2952269]7.2.1 	MAC
Editor’s note: RAN2 will study impacts and possible enhancements to the following MAC functions including DRX, HARQ, Random Access procedure
Editor’s note: Discussion on 2-step RACH will be postponed until the procedures are more stable

Editor’s note: Both options (enhancing HARQ and disabling HARQ) will be studied

7.2.1.x 	Configuring HARQ Feedback
Although HARQ uses soft-combining gains for achieving reliable transmissions, incorporating HARQ operations in NTN (especially Geo-NTN), involving high transmission delays, may require the UEs to maintain a large number of HARQ processes.  Thus, it will be helpful (especially for Geo-NTN) if the network configures a signalling parameter to indicate whether HARQ feedback is enabled or disabled. Enabling or disabling of HARQ feedback should consider the UE’s maximum HARQ buffer-size constraints, as this indicates the upper-limit of the maximum number of supported HARQ processes. If HARQ feedback is disabled, blind retransmission can be used to improve the integrity. Blind HARQ retransmission can affect the link budget of NTN. As an alternative to blind retransmissions, improving the robustness of transmissions in NTN by using more conservative (lower) modulation and coding schemes can also be studied and used.

-------------------------------------------------------------- End of TP -------------------------------------------------------------------------------


