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Introduction
In RAN#86, a new work item titled “solutions for NR to support non-terrestrial networks” was approved. The objectives of the work item were updated in RAN#88e as the following [1]:
The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed

For HARQ enabling and disabling, the following conclusions were made during the study item phase [2]. 
For NTN the network could disable uplink HARQ feedback for downlink transmission at the UE receiver e.g. to support long propagation delays. Even if HARQ feedback is disabled, the HARQ processes are still configured. Enabling / disabling of HARQ feedback is a network decision signaled semi-statically to the UE by RRC signaling. The enabling / disabling of HARQ feedback for downlink transmission should be configurable on a per UE and per HARQ process basis via RRC signaling. 
For NTN the network could disable HARQ uplink retransmission at the UE transmitter. Even if HARQ uplink retransmissions are disabled, the HARQ processes are still configured. The enabling / disabling of HARQ uplink retransmission could be configurable on a per UE, per HARQ process and per LCH basis. Details can be decided in a normative phase. And the LCP impact caused by disabling the HARQ uplink retransmission configuration can be discussed in the WI phase.

In this contribution, we discuss enhancements related to three aspects:  the number of HARQ processes, DL HARQ operations, and UL HARQ operations. 
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Number of HARQ Processes
Two solutions to the limitation on peak data rate due to large round-trip delay (RTD) in NTN were discussed during study phase. They are increasing the number of HARQ processes and RLC ARQ. Simulation results comparing the throughputs of the two solutions were provided [2]. Performance gain of increasing the number of HARQ processes over RLC ARQ ranging from insignificant to significant were reported. Impact on UE’s power consumption due to lower BLER target and RLC reports by using RLC ARQ was not discussed. 
HARQ has been used as the primary mechanism for providing high-throughput reliable services in wireless communications and can be useful for LEO satellites where RTD is tolerable. Hence we propose to increase the number of HARQ processes. In order to support high data rates in LEO satellites, the number of HARQ processes must be larger than the number of slots in a time duration as long as the RTD. Assuming 32 ms RTD and 120 kHz subcarrier spacing (SCS), the number of HARQ processes needed is 256. This may require a huge buffer at the UE side. As a result, UE capability on the number of HARQ processes needs to be reported.
Proposal 1: For NTN, UE reports the capability on the number of HARQ processes.
Based on UE’s capability, network may configure a smaller number of HARQ processes to the UE.  The maximal number of HARQ processes configured to a UE can be larger than 16.
Proposal 2: For NTN, more than 16 HARQ processes can be configured.
It is not desirable to further increase the number of HARQ bits in DCI. A solution to increase the number of HARQ processes without an increase of DCI bits is to introduce SFN dependent HARQ ID, i.e., the actual HARQ ID is a function of the slot number and the HARQ ID field in DCI. For instance, 32 HARQ processes can be supported with the first 16 slots limited for HARQ processes 0 to 15 and the second 16 slots for HARQ processes 16 to 31. 
Proposal 3: For NTN, support slot number based HARQ process identification when more than 16 HARQ processes are configured to a UE. 

DL HARQ Operation
It has been agreed to allow disabling/enabling of DL HARQ feedback on a per UE and per HARQ process basis. Consequently, a UE can have some DL HARQ processes with HARQ-ACK feedbacks and some without. For HARQ processes with feedback disabled, blind retransmissions should be allowed. 
In NR specification, constraints on PDSCH transmissions are defined and some are with respect to HARQ-ACK timeline. These timeline constraints need to be re-examined for HARQ processes without feedback. Two related constraints as quoted from [3] are
· The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6].
· In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration , with N=13 for =0, N=13 for =1, N=20 for =2, and N=24 for =3.

The two bullets above imply that NR UEs expect a time gap between two PDSCHs of a HARQ processes. For SI-RNTI, this gap is explicitly defined, for other RNTIs, is implicit based on the out-of-order rules. A similar time gap should be considered for HARQ processes without feedback to ensure implementation compatibility. This can be done by specifying a minimum gap between HARQ retransmissions (similar to the SI-RNTI case) or by defining a virtual k1 for HARQ processes without feedbacks. Benefits of using the concept of virtual k1 include unified approach between HARQ processes with and without feedbacks and better configurability.
Proposal 4: Define a minimum time gap between two PDSCHs of a HARQ process without HARQ-ACK feedbacks 
· Different numerologies may have different time gaps.
· FFS to introduce virtual k1 

HARQ processes with and without feedbacks may have different target BLERs. NR currently support BLER targets 10% and 0.001%. For HARQ processes without HARQ-ACK feedback in NTN, it could be beneficial to support a BLER target larger than 0.001% but smaller than 10%, e.g., 1%  as adopted by some simulation results [2]. Hence new CQI BLER targets should be defined. 
Proposal 5: Consider new CQI BLER targets for HARQ processes without feedbacks.
When feedback is disabled for some or all HARQ processes, it may take very long time before the network knows any sustained disruptions and errors in DL transmission. Without HARQ feedback and other lower-layer feedbacks, network can only rely on RLC feedbacks and other higher-layer feedbacks such as lack of TCP acknowledgements. This could lead to very long burst of errors and the corresponding waste of BW. The problem becomes more severe when there is no UL data. In such case, the UE needs to send a SR to request the scheduling of UL data to send an RLC message. This will require an additional RTD before DL scheduler can take appropriate actions.
The above issue is particularly significant in GEO satellite where the RTD can be over 600 ms. To help DL scheduling, some feedback in the form of a UCI should be supported. This new UCI can include information such as
· DL decoding statistics
· CQI or request for reducing MCS
· Both of the above

Proposal 6: Support a new UCI feedback for reporting DL transmission disruption and/or requesting DL scheduling changes when HARQ feedback is disabled.  
· To study the new UCI format and associated resource allocation.

It has been agreed that HARQ processes with feedback disabled are still configured to allow blind retransmissions. Without HARQ-ACK feedbacks, however, DL scheduling of the HARQ process will be susceptible to errors without additional enhancements. An example is shown in Figure 1. In the figure, all transmissions are of the same HARQ process and carry different TBs. Suppose UE misses the PDCCH of the second transmission: If HARQ feedback is disabled, UE  will understand the third as an old transmission and miss the third PDSCH again; if, on the other hand, the feedback is enabled, network will likely schedule a retransmission for the third PDSCH.


Figure 1 Example DL scheduling using NDI: Without HARQ feedback and if UE misses the PDCCH of second transmission, UE will understand the third transmission as a repetition of the first. 

Assigning a RV, say RV 0, exclusively for the initial transmission will solve the above problem. This is because RV now provides information for UE to determining if a transmission is new or old in addition to NDI. In the above example, even UE misses the PDCCH of the second transmission, the UE understands that the third transmission is a new one by the use of NDI 0.
Proposal 7: For DL HARQ processes with HARQ feedback disabled, initial transmissions shall use RV 0 and retransmissions shall not use RV 0.
UL HARQ Operations
For UL HARQ, it has been agreed that the enabling / disabling of HARQ uplink retransmission could be configurable on a per UE, per HARQ process and per LCH basis. Consequently, a UE can have some HARQ processes with retransmission disabled and some with retransmission enabled.
Since HARQ processes with retransmission and processes without retransmissions can have different target BLER, some transmit configurations including MCS table and power control may be different depending on if retransmissions are allowed.
Proposal 8: Support different transmit parameters and/or configurations per HARQ process or per HARQ process type (retransmissions is enabled/disabled), including
· Power control
· MCS table
· UCI multiplexing parameters
· FFS other parameters

Like in the case of DL, existing NR has timeline constraints of successive UL transmissions as quoted from [3] as below
The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0 or 0_1 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
The above timeline rule effectively requires that the DCI of a PUSCH always arrives after the transmission of an earlier PUSCH of the same HARQ process as shown as the NR timeline in Figure 1. Unless a UE specific Koffset [4] that is exactly the timing advance of the UE is used, the above rule will place serious limit on throughput of the HARQ process. Instead, scheduling timeline as indicated in Figure 2.  Hence, the above rule should not be applied in NTN. To ensure compatible UE implementation, time gap between two successive transmissions of the same the same TB) should be defined. 
Proposal 9: For NTN, UE may receive a DCI scheduling a PUSCH of a given HARQ process before the end of the transmission of another PUSCH of that HARQ process. 
Proposal 10: Define a minimum time gap between two PUSCHs of a HARQ process.



Figure 2 NR existing timeline and NTN desired timeline for a UL HARQ process.
Conclusions
In this contribution, we have discussed the number of HARQ processes needed in NTN and additional enhancements based on existing agreements, with following proposals:
Proposal 1: For NTN, UE reports the capability on the number of HARQ processes.
Proposal 2: For NTN, more than 16 HARQ processes can be configured.
Proposal 3: For NTN, support slot number based HARQ process identification when more than 16 HARQ processes are configured to a UE. 
Proposal 4: Define a minimum time gap between two PDSCHs of a HARQ process without feedbacks 
· Different numerologies may have different time gaps.
· FFS to introduce virtual k1 

Proposal 5: Consider new CQI BLER targets for HARQ processes without feedbacks.
Proposal 6: Support a new UCI feedback for reporting DL transmission disruption and/or requesting DL scheduling changes when HARQ feedback is disabled.  
· To study the new UCI format and associated resource allocation.

Proposal 7: Support different transmit parameters and/or configurations per HARQ process or per HARQ process type (retransmissions is enabled/disabled), including
· Power control
· MCS table
· UCI multiplexing parameters
· FFS other parameters


Proposal 9: For NTN, UE may receive a DCI scheduling a PUSCH of a given HARQ process before the end of the transmission of another PUSCH of that HARQ process. 
Proposal 10: Define a minimum time gap between two PUSCHs of a HARQ process.
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