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1 Introduction
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 RAN1, the following was agreed. 
	Network disabling of HARQ via RRC configuration should be supported.

· FFS: Dynamic disabling of HARQ by gNB.


The following is agreements on the HARQ aspect in RAN2 meetings.

	· 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.

· If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  

· Even if HARQ feedback is disabled, the HARQ processes are still configured. 

· Enabling / disabling of HARQ feedback is a network decision.


In this document, RAN1 aspects on HARQ disabling and blind retransmission for NTN are discussed.
2 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. 
2.1 HARQ disabling 
2.1.1 Necessity of dynamic HARQ enable/disable 
In Rel.15, MAC retransmission and RLC retransmission are defined. MAC retransmission utilizes soft combining for improving reliability of data transmission. Although the term "HARQ enable/disable" is often used, HARQ is the combination of soft combining and MAC retransmission. Therefore, we think this term has ambiguity. Soft combining itself is possible by blind retransmission. Therefore, we discuss "HARQ enable/disable" as the meaning of "HARQ-feedback enable/disable" i.e. "MAC retransmission feedback enable/disable".  
Even if soft combining aspect is not considered, there are difference between MAC retransmission and RLC retransmission. Figure 1 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 is much smaller delay compared to RLC retransmission. Considering the long propagation delay, it would be preferable to avoid further procedural delay. 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.
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Figure 1. MAC retransmission and RLC retransmission 
On the other hand, available HARQ processes are likely to be restrictive compared to the RTT due to the limitation of UE HARQ buffer and/or limitation of HARQ process ID indication bits in PDCCH. In this case, achievable throughput would be degraded if retransmission is only possible after HARQ-feedback is received at gNB. Therefore, disabling HARQ-feedback has been studied. It was agreed that HARQ-feedback disabling is semi-statically configured in RAN1/2. It is FFS whether HARQ-feedback is further dynamically enabled/disabled. 

Note that new transmission using HARQ-feedback-enabled process with toggled NDI without waiting for HARQ-feedback by gNB is also possible. In this case, gNB just ignores the HARQ-feedback that comes later. Although throughput improvement is achievable, radio resource for HARQ-feedback is consumed.  
As mentioned above, MAC retransmission should be utilized as much as possible to ensure the reliability in MAC level and/or to avoid a frequent RLC retransmissions which would cause a significant overhead. Therefore, it should be allowed to dynamically control HARQ-feedback enable/disable even when soft combining of TBs are carried out regardless of HARQ-feedback. At least several HARQ processes as supported in Rel.15 are available, and it should be possible to make use of these HARQ processes by controlling dynamically HARQ enable/disable. Whether to use HARQ could be controlled by gNB depending on latency limitation and reliability requirement of the traffic. 
Proposal 1: “HARQ-feedback enable/disable” should be used instead of “HARQ enable/disable” as feedback and soft combining are separate aspects considering blind retransmissions. 
Proposal 2: dynamic HARQ-feedback enable/disable should be supported. 
2.1.2 Indication of HARQ-feedback disable/enable
There would be two options for the indication to allow dynamic HARQ-feedback disable/enable. 

Method 1: configure HARQ-feedback enable/disable per HARQ process 
Method 2: flag in DCI indicates HARQ-feedback and/or HARQ buffer usage. 

In method 1, gNB configures HARQ-feedback enable/disable per HARQ process ID for each UE. gNB can control HARQ-feedback enable/disable by choosing HARQ process ID for the transmission. By using HARQ-feedback disabled processes, gNB can continuously transmit data with toggled NDI without waiting for reception of HARQ-feedback. For a continuous transmission (i.e. transmit data on every slot), it would be necessary to configure 2 to 3 HARQ processes for HARQ disabling because gNB needs to wait for the PDSCH decoding time at the UE to avoid a potential collision in the decoding pipeline processing. 
Figure 2 shows an example of the transmission using HARQ-feedback enabled/disabled processes. When gNB transmits an important data for example, gNB could use a HARQ-feedback enabled process for a reliable transmission and/or quicker retransmission (compared with RLC). 
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Figure 2. HARQ enable/disable per process
In method 2, a flag in DCI is used to indicate HARQ-feedback enable/disable for this PDSCH transmission. By configuring two bits, indication of HARQ-feedback enable/disable and HARQ buffer usage are possible. As discussed in RAN2 email discussion “[106#70] [NR/NTN] HARQ for NTN” and section 2.2 in this document, blind retransmissions (i.e. HARQ retransmissions without waiting for HARQ-feedback) is considered for reliability improvement. It would be beneficial to give a recommendation of HARQ buffer usage for the UE in which the HARQ buffer is shared among the HARQ processes. For example, if the flag for HARQ buffer usage combining indicates one, further transmissions, e.g. blind retransmissions, are expected and the UE is recommended to keep received data in the HARQ buffer. If the flag for HARQ buffer usage indicates zero, no further retransmissions are expected and the UE is recommended to flush the buffer and use it for another process.

Combination with method 1 is also possible. In this case, 1-bit flag indicates HARQ buffer usage. Figure 3 shows an example of the behaviour. 
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Figure 3. usage of indication bit in DCI
Proposal 3: A flag in DCI to recommend HARQ buffer usage should be supported. 
2.2 Enhancement for reliability improvement
HARQ as the meaning of soft combining and MAC level retransmission is an efficient tool for a reliable transmission. Radio resources can be efficiently utilized because the retransmission is carried out only when PDSCH reception at UE is failed and retransmission data is combined with previously received data and decoded at UE. On the other hand, gNB waits for reception of HARQ-feedback form the UE before the retransmission, and therefore, the retransmission is delayed at least RTT. This delay may not be acceptable depending on NTN scenario and/or traffic type. 
As a complementary method to HARQ for reliability improvement e.g. to achieve BLER 1% or lower, blind retransmission has been discussed. For blind retransmission, gNB retransmits the data without waiting for reception of HARQ-feedback from the UE. Soft combining may or may not be possible depending on transmission order and HARQ buffer availability. 
The following two schemes are possible based on Rel.15 specification. 
a) blind retransmission with configuring pdsch-AggregationFactor 
b) blind retransmission without configuring pdsch-AggregationFactor
For a), blind retransmission data is transmitted in continuous slots. The number of slots (i.e. PDSCHs) for blind retransmission is indicated by RRC configuration pdsch-AggregationFactor. pdsch-AggregationFactor is applied to all PDSCH transmissions irrespective of HARQ-feedback disabled process or HARQ-feedback enabled process. Only one PDCCH and one HARQ-feedback are needed for the bundled PDSCH transmissions. Soft combining without HARQ buffer management are feasible as the same HARQ process are continuously sent. HARQ-feedback timing is after reception of the last retransmission data. In case of HARQ-feedback disabled process, the HARQ-feedback will not be actually transmitted. 
For b), blind retransmission data is transmitted by gNB without waiting for reception of HARQ-feedback. gNB transmits the retransmission PDSCH such that UE receives it after decoding time of the previous PDSCH to keep the decoding pipeline process as in Rel.15 behavior. One PDCCH for each PDSCH of blind retransmission is transmitted. For blind retransmission, non-toggled NDI is indicated in the DCI. MCS index 29-31 may be indicated to allow to change the modulation order and/or resource block size from the previous transmission. In this case, if UE fails to receive PDCCH for the first transmission, the UE can not decode the PDSCH even when PDCCH for the retransmission is correctly received. Alternatively, MCS level (index 0-28) and resource block size are indicated such that the same TBS is indicated as the result. gNB could choose the indication for the retransmission depending on the PDCCH reliability estimation. Soft combining may or may not possible depending on HARQ buffer availability because there are the other HARQ processes needs to be decoded for retransmissions and it needs HARQ buffer for such operation.
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Figure 4. blind retransmission

For both schemes, blind retransmission is possible for both HARQ-enable and HARQ-disable cases.

For both schemes, in order to achieve lower PDSCH BLER, e.g. 1% or lower, PDCCH reliability should also be improved. PDCCH reliability could be improved by using large number of CCEs. From the PDCCH efficiency point of view, a) is preferable because only one PDCCH is necessary while from the flexibility point of view b) is preferable because b) allows gNB to select the number of blind retransmissions per packet basis, e.g. 4 retransmissions for HARQ-disabled process and 2 retransmissions for HARQ-enabled processes. During the blind retransmissions the UE has to keep the data in the HARQ buffer. After finishing blind retransmission, the UE can flush the HARQ buffer and use it for another data. By using the flag in the DCI proposed in section 2.1, the HARQ buffer usage can be managed appropriately even with a limited HARQ buffer.
Blind transmission aspect may be revisited for further enhancement after discussion in WIs for URLLC and/or URLLC with multi-TRP are progressed because similar discussion on repetition for a reliable transmission is ongoing. 
Proposal 4: both blind retransmission with and without configuring pdsch-AggregationFactor should be considered. 
PDCCH reliability
According to our simulation results shown in [13], the lowest geometry in cell edge area is around -7 dB except an extreme case such as very low elevation angle with NLOS for GEO.

Figure 6 shows PDCCH BLER for various CCE aggregation levels and DCI sizes for a terrestrial scenario. It is seen that sufficiently low BLER (e.g. 0.1%) can be achieved by using CCE aggregation level 8 or 16 in the region above SINR -7dB. Note that NTN channel condition is expected to be less severe than the terrestrial fading channel. 

From these results, Rel.15 PDCCH transmission scheme (up to 16 CCEs) would be sufficient. If lower than -10dB geometry need to be supported, PDCCH enhancement as discussed in [4] would be needed. 
[image: image5.emf]1.0E-6

1.0E-5

1.0E-4

1.0E-3

1.0E-2

1.0E-1

1.0E+0

-15 -10 -5 0 5 10 15

BLER

Average received SNR [dB]

TDL-C 300ns, 2OS, BW 40MHz

AL1_DCI24

AL1_DCI30

AL1_DCI40

AL2_DCI24

AL2_DCI30

AL2_DCI40

AL4_DCI24

AL4_DCI30

AL4_DCI40

AL8_DCI24

AL8_DCI30

AL8_DCI40

AL16_DCI24

AL16_DCI30

AL16_DCI40


Figure 6. PDCCH BLER performance in [4] (a reference for terrestrial case)

Observation 1: Rel.15 PDCCH transmission scheme (up to 16 CCEs) can achieve a sufficient low PDCCH BLER for NTN scenario. 
3 Conclusion
In this contribution, we discussed signalling of HARQ disabling and blind retransmission for reliability improvement. We made the following proposals and observation. 
Proposal 1: “HARQ-feedback enable/disable” should be used as the terminology instead of “HARQ enable/disable” as feedback and soft combining are separate aspects considering blind retransmissions. 
Proposal 2: dynamic HARQ enable/disable should be supported. 
Proposal 3: A flag in DCI to recommend HARQ buffer usage should be supported. 
Proposal 4: both blind retransmission with and without configuring pdsch-AggregationFactor should be considered.
Observation 1: Rel.15 PDCCH transmission scheme (up to 16 CCEs) can achieve a sufficient low PDCCH BLER for NTN scenario. 
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