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1 Introduction

The data rate reduction and service discontinuous due to not enough HARQ-processes can be quite significant in NTN. To solve the the problem, enhancing HARQ via adding bits to HARQ id field in DCI and disabling HARQ were previously proposed.
In RAN2#104 meeting, the impact on HARQ was discussed and it was agreed:
	Agreements:

-
Both options (enhancing HARQ and disabling HARQ) will be studied.


During RAN2#105 meeting, several companies provided their papers on HARQ in NTN. In [4] Huawei observed that enhancing HARQ is not appropriate for large delay cases. Then Huawei proposed to support differentiated HARQ operations for services with different reliability requirements in one UE. Ericsson propose to selectively turn off HARQ based on different cases in [3]. In total, the both options were discussed and it was agreed:
Agreements:
1. The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission in the if HARQ is turned off.  FFS the impact on other procedures and how to configure.

In this paper, we will discuss on HARQ and provide a method to extend the number of HARQ process.
2 Discussion
2.1 The gains of HARQ
HARQ has reliability with lower cost (than ARQ) by the gain of soft combining and shorter latency (than ARQ), especially in bad signal scenarios. According to TR 38.811, NTN has extraordinary complex signal caused by Doppler effect, fading, atmospheric absorption, rain and cloud attenuation, scintillation, limit of power budget, etc. So HARQ is important to get good performance in NTN.

Observation 1: HARQ has valuable gains in NTN.
2.2 The reasons to turn off HARQ
We all know that the rate reduction and service discontinuous due to not enough HARQ-processes can be quite significant. We also know that increasing soft buffer specifically for an NTN UE will significantly increase the cost of the UE, including the cost of hardware and the cost of software programing and maintaining. Besides, to extend HARQ id field in DCI is not wanted either. So we agreed that the network should be able to turn off HARQ and assure reliability by RLC AM for some cases or some services.
Observation 2: The motivation of turning off HARQ in NTN is that we do not want to increase the cost of NTN UEs and extend HARQ id field in DCI.
2.3 Another method to extend the number of HARQ processes.
However, high-end UEs mostly support CA and/or DC. Soft buffer of a UE supporting 2 carriers CA is usually 2 times larger than a UE which does not support CA. Blind detection capability is also 2 times larger. Same is for the UEs supporting DC. Even much larger soft buffer is for the UEs supporting more than 2 carriers CA and supporting DC and CA simultaneously. On the other hand, more and more customers are using high-end UEs to get better experiences. More and more UEs are supporting CA and DC.
If a UE which supports 2 carriers CA can be assigned with 2 C-RNTIs in a cell while CA is not used, the HARQ process number will be doubled without extending HARQ id field in DCI for every C-RNTI can have 16 HARQ processes. For instance, a UE is assigned with C-RNTI1 and C-RNTI2. The gNB schedules the UE with C-RNTI1 16 times first. So there are 16 HARQ processes on going and the relative HARQ feedbacks will be received after RTT, which is long in NTN. Then the gNB can continue to schedule the UE with C-RNTI2 16 more times with additional 16 HARQ processes. More carriers CA the UE supports, more C-RNTIs can be assigned and more HARQ processes can be had. Same is for UE supporting DC.
The method does not make much changes to the specification. It does not increase much cost of UE. Even we can turn off HARQ by the network for some cases, more HARQ processes are still better.
Proposal 1: Multiple C-RNTIs can be assigned to a UE supporting CA and/or DC in a cell to extend the number of HARQ processes.

3 Conclusion

Based on the discussions in this paper we have the following observations and proposal:
Observation 1: HARQ has valuable gains in NTN.
Observation 2: The motivation of turning off HARQ in NTN is that we do not want to increase the cost of NTN UEs and extend HARQ id field in DCI.
Proposal 1: Multiple C-RNTIs can be assigned to a UE supporting CA and/or DC in a cell to extend the number of HARQ processes.
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