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1. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
The NTN study item has the objective to evaluate potential solutions to support NTN. One of the key items is the impact of the large propagation delay on user plane. In RAN2#103bis it has been agreed to study HARQ as one of the key aspect for NTN. RAN2#104 started some first discussion on HARQ and agreed the following: 
Agreements:
-	Both options (enhancing HARQ and disabling HARQ) will be studied.  
This document discusses HARQ functionality to support NTN. In particular, this paper suggests the possibility to explicitly disable HARQ for the GEO use case. 
2. Discussion 
2.1 General 
HARQ is a key mechanism for link adaptation that was introduced for the first time in UMTS Release 5 for HSDPA. Since that time for 3G, 4G and 5G 3GPP uses an n-channel stop-and-wait HARQ protocol where the number of HARQ processes in NR was extended to 16. Furthermore, for NR it was decided to use asynchronous adaptive HARQ for up- as well as for downlink. 
There have been proposals to enhance the HARQ protocol to support larger propagation delays of NTN. While such proposals are mostly targeting low earth orbit (LEO) scenarios, there seems to be a common understanding that HARQ is not practical for GEO scenarios due to the immense cost and complexity for the HARQ soft-buffer. 
Overall, RAN1 is expected to study the potential enhancements of the HARQ schemes for LEO use cases e.g. increase of the number of HARQ processes. Nevertheless, RAN2 should discuss the configuration of radio bearers including the configuration of HARQ at MAC layer and the RLC transmit mode at RLC layer. 
2.2. Disabling HARQ 
It is agreed in RAN2 to study disabling HARQ. There are two options to disable HARQ 
1. Disabling HARQ left to network implementation 
Since NR uses adaptive asynchronous HARQ, the network explicitly schedules every HARQ retransmission. One way to disable HARQ is a proprietary network implementation where no retransmissions are scheduled. In the uplink the HARQ ACK/NAKs from the UE are basically ignored and the PDCCH toggles the New Data Indicator for every new downlink transmission and every new uplink grant. 
The benefit of option 1 is
· NTN networks can be supported without any impact on specification. 

2. Disable HARQ explicitly (“turn off HARQ”) 
The second option to disable HARQ is to switch HARQ explicitly off. How to model this is probably a stage 3 issue. This could for instance be part of a bearer configuration either having an optional configuration of HARQ for this bearer or to simply forbid the UE to send the ACK/NAK feedback. 
Although RAN2 needs to wait for progress of RAN1 on HARQ enhancements for NTN, it seems preferable not to disallow HARQ for all kind of NTN in general. The use of HARQ for certain scenarios like LEO satellite or certain application like low rate mMTC traffic may still be possible and beneficial.
The benefits of option 2 (compared to option 1) are: 
· UE power saving for not sending the HARQ ACK/NAK in the uplink 
· Reduced UE implementation complexity e.g. for an NTN device supporting eMBB application for GEO satellite may not implement HARQ at all 
· Reduced uplink interference due to not sending HARQ ACK/NAK in the uplink 
· UE power saving because the UE does not need to monitor potential HARQ retransmissions 
· Reduced complexity for DRX configuration 
· Soft buffer will be wasted in case of mixed operation of bearers with and without HARQ 
· Waste of precious PUCCH resources for HARQ ACK/NAK or waste of PUSCH payload in case of parallel uplink data transmission
· In case of uplink dual connectivity (e.g. parallel connection to terrestrial and non-terrestrial) the power is generally limited and needs to be split in case of parallel transmission.
Based on the discussion above it seems justified to signal to NTN UEs if HARQ is used or disabled. Considering the benefits in terms of UE complexity and UE power consumption, it should be possible to disable HARQ explicitly. 
Proposal 1: 	NTN should support means to explicitly signal to the UE that HARQ is disabled. 
2.2. Impact of Disabled HARQ and Use of RLC AM 
The BLER target for mobile communication systems using HARQ and not using HARQ is very different. While performance targets are defined for a BLER of 10%, practical implementation even use BLER rates of 20% for non-delay critical applications. HARQ is used as a kind of link adaptation, adapting the overall code rate by an incremental redundancy scheme. NTN may need to operate at much lower BLER rates e.g. 1%. This may impact RAN4 performance requirements but may not have a direct impact on RAN2 specification. 
Still reliable receptions and reliable data delivery is important for TCP applications. Therefore, the user plane should rely on RLC AM retransmissions to ensure the required BLER according to the QoS application requirements. It was already agreed to support RLC AM at RAN2#104. 
Agreements:
-	All RLC modes are supported.  
-	Study the need to extend the RLC/PDCP SN and window sizes based on throughput requirements.  

Since there was some misunderstanding of the HARQ soft buffer and the Layer 2 buffer at the last meeting, we would like to emphasize the difference between the two buffers. An HARQ transmission that was not received correctly will be stored in the HARQ soft buffer at the receiver side. This HARQ soft buffer (usually located at the physical layer and thus limited in size) stores the quantized Log Likelihood Ratio samples before the LDPC decoder. Compared to this, the RLC receiver buffer or PDCP reordering buffer, store only correctly decoded information bits at higher layer.  The quantized LLR samples at the Physical Layer are a multiple of the size of the information bits at the higher layer. Furthermore, the HARQ receiver stores the erroneous packets, while the receiver stores the correctly received packets at the receiver. 
Observation: The HARQ soft buffer is different from the Layer 2 buffer and discussion to support HARQ is different from the discussion on the required Layer 2 buffer to support RLC TM mode. 
Once the performance requirements for NTN are defined, the RLC/PDCP SN and window sizes can be calculated. 
3. Conclusions
This document discussed HARQ functionality to support NTN. The document suggests the following:  
Proposal 1: 	NTN should support means to explicitly signal to the UE that HARQ is disabled. 
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