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A study item on Non Terrestrial Network (NTN) has been started. According to the SID[1], the following is to be studied in RAN1. 
 
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

In this document, more delay-tolerant retransmission mechanisms for NTN are discussed.

Discussions 
In NTN scenarios, long RTD (round trip delay) is observed. As shown in clause 4.2 of TR 38.821 v0.3.0[3], the maximum RTD in NTN is 541.14 ms for GEO (at 35786 km altitude) and 25.76/41.75 ms for LEO (at 600/1200 km altitude). These values are much larger than that in terrestrial network. 
0. Views on retransmission mechanism
In Rel.15, MAC retransmission and RLC retransmission are defined. MAC retransmission utilizes HARQ combining for improving reliability of data transmission. In RAN1#96bis, there was a discussion on whether to support HARQ (MAC retransmission) for GEO where the propagation delay is very long (up to 540ms). 
Figure 2 shows a sequence for MAC retransmission and RLC retransmission. In case of MAC retransmission, ACK/NACK is sent for each TB. In case RLC retransmission, which part of RLC content packet (RLC PDU) is missed is reported from UE in the status report. Therefore, retransmission is carried out after certain amount of RLC PDUs are transmitted, which has the latency. In addition, because UE transmits RLC Ack/Nack information using PUSCH, further delay for SR/BSR transmission may be needed if gNB does not send grant based on RLC poll. Therefore, MAC retransmission requires much smaller delay compared to RLC retransmission. Considering the long propagation delay, it would be preferable to avoid further procedural delay. Note that each interaction between gNB and UE requires RTT delay of 1~2 second order. Furthermore, RLC retransmission uses PUSCH for sending RLC Ack/Nack information while MAC/PHY layer retransmission uses PUCCH. Transmission on PUSCH needs more overhead for resource allocation, MAC/RLC header, etc. Therefore, also from overhead point of view, triggering a frequent RLC retransmission should be avoided.
 From above discussion, we propose to utilize MAC retransmission as much as possible regardless of satellite types (i.e. GEO, MEO, LEO). 
Proposal 1: support MAC level retransmission regardless of satellite types (i.e. GEO, MEO, LEO)
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[bookmark: _Ref7008117]Figure 2. MAC retransmission and RLC retransmission 

One of the biggest concern is large amount of HARQ buffer if HARQ buffer corresponding to RTT are provided. On the other hand, HARQ buffer should be used only when the reception is failure. Therefore, when target BLER is low like 1%, even if RTD is 540 ms, HARQ buffer for only 6 processes (= 540 * 0.01) is consumed in average. The similar amount of HARQ buffer with terrestrial may suffice. Therefore, assuming the lower BLER operation in order to avoid large latency, we don't worry HARQ buffer complexity. For a scenario where propagation condition is almost AWGN, e.g. scenario for aircraft or vessel, burst error caused by the fading dip can be avoided and the failure is more distributed in time. This also relief the need of the soft buffer for all possible HARQ processes. If HARQ is not supported, all failure need to be always recovered by RLC retransmission for the logical channel with RLC AM. Compared with MAC HARQ, RLC retransmission would be very slow and more significant delay would be imposed as discussed above. Therefore, even in the condition soft buffer is fully utilized and no buffer is available for a specific process, we still see large benefit by MAC level retransmission.
Proposal 2: UE does not have to make soft buffers available for all processes corresponding to RTT. UE should use soft buffer only when the reception is failure.

On the other hand, because of the following RAN2 agreement, semi-static HARQ turning off is supported. 
The network should be able to configure the UE whether the HARQ is “turned off”
When turning off the HARQ, UE does not store the reception data in the soft buffer nor transmit NACK. 
When turning on the HARQ, UE may or may not store the reception data depending on the soft buffer situation, i.e. UE store the data if the buffer is available and discard the data if the buffer is fully used. UE transmits NACK when the reception is failure to trigger the MAC retransmission. 
In order to allow gNB to control UE soft buffer usage, a flag in PDCCH is useful to indicate whether UE should store the reception data by overriding other data if buffer is full. gNB can indicate it for a delay sensitive data or high priority data e.g. RRC message. 
Proposal 3: Solution to allow gNB to control UE buffer usage should be studied. 

0. Discussion on signalling aspect
As discussed above, HARQ buffer is used only when the reception is failure, and therefore, the amount of necessary HARQ buffer is scaled down by the BLER. For a scenario where propagation condition is almost AWGN, lower BLER would be achievable and the probability of continuous burst errors can be less. Therefore, extension of the number of HARQ processes would be possible without increasing HARQ buffer requirement depending on the BLER target. 
The remaining issues would be signalling aspects e.g. the number of bits for HARQ process ID indication in DCI and/or HARQ-feedback. In order to efficiently support very long distance transmission of NTN scenario, the size of DCI should be minimized. Similarly, an efficient transmission of HARQ-feedback is necessary because transmission with lower level modulation and coding including repetition would be necessary especially for uplink. 

The following options could be considered for HARQ process number indication to support longer RTT. 
Option 1: Increase the number of bits for HARQ process ID indication
	For example, increase the number of bits up to 9 bits to indicate up to 512 processes. The number of bits is semi-statically configured depending on the scenario (e.g. satellite altitude). 
Option 2: reuse HARQ process ID within RTT 
In order to limit the number of process ID indication bits, it is allowed to indicate the same HARQ process ID within RTT. To avoid collision of UE soft buffer, a flag in the DCI could indicate whether soft combining should be carried out. Another method could be RTT is divided by multiple segment and HARQ process is separated between segments [4]. 
Option 3: HARQ process is tied to SFN/slot number 
Instead of explicitly indicate the HARQ process ID, to tie the HARQ process with SFN/slot number as in synchronous HARQ can reduce the signalling overhead. This option can be combined with above option 1 and 2. 

Proposal 4: HARQ process ID indication to support longer RTT should be studied. Following options should be studied. 
   Option 1: Increase the number of bits for HARQ process ID indication
   Option 2: reuse HARQ process ID within RTT 
   Option 3: HARQ process is tied to SFN/slot number 

If the number of bits for HARQ related indication is increased, one way would be to reduce resource allocation bits by limiting to contiguous allocation to keep the current DCI size because frequency selectivity on the propagation channel for NTN would not be severe. 

Regarding ACK/NACK feedback, transmitting ACK/NACK slot by slot would be inefficient because channel coding gain is small (just repetition gain). In addition, considering that lower BLER would be achievable, ACK is sent in most cases. An efficient ACK/NACK transmission method would be to transmit information on NACK process ID or slot index during a certain period. 
Proposal 5: An efficient ACK/NACK transmission method should be studied. 
Conclusion
We discussed retransmission mechanism for NTN. We propose the following.
Proposal 1: support MAC level retransmission regardless of satellite types (i.e. GEO, MEO, LEO)
Proposal 2: UE does not have to make soft buffers available for all processes corresponding to RTT. UE should use soft buffer only when the reception is failure.
Proposal 3: Solution to allow gNB to control UE buffer usage should be studied. 
Proposal 4: HARQ process ID indication to support longer RTT should be studied. Following options should be studied. 
   Option 1: Increase the number of bits for HARQ process ID indication
   Option 2: reuse HARQ process ID within RTT 
   Option 3: HARQ process is tied to SFN/slot number 
Proposal 5: An efficient ACK/NACK transmission method should be studied. 
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