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1 Introduction
According to the approved SI on NR to support non-terrestrial network (NTN) [1], following aspects from RAN1 perspective will be studied:
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]

Moreover, in the RAN2#105, following agreements have been achieved for HARQ:

Agreement:

1. Retransmissions at one or several layers shall be supported for NTN and configurable by the network.

2. The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission if HARQ is turned off.  FFS the impact on other procedures and how to configure.

In this contribution, views on the HARQ procedure for NTN are elaborated with potential enhancements.

2 Discussion on the HARQ procedure

In existing system, the HARQ procedure is introduced as the service access point between MAC and PHY, which is mainly targeted to the enhancements on the performance in case of failed initial-transmission via RVs combination. For supporting the continuous transmissions, the number of required HARQ processes, is determined by the following equation:
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where RTT, Tsf, Tue, Tack, and Tnb refers to the round trip time, sub-frame duration, UE processing time, ACK/NACK transmission time, and gNB processing time, respectively. 

In NTN system, the determination of required HARQ number will be dominated by RTT and which will be different in each scenario with either transparent or regenerative load at different altitude. More specifically, in case of UE served by the satellite with regenerative load (altitude: 600km), the RTT will be within the range from 4 ms to 12 ms by assuming the supported minimum elevation angle equating to 10 degree, which can be covered by existing HARQ process capability for 1 ms slot duration. However, for other cases mentioned in [2], e.g., up to 41.75ms and 541.14 ms for LEO with altitude equating to 1200 km and GEO, respectively, the required process number will be around 40 and 500 for 1 ms slot duration, which is much larger than the maximum HARQ process number supported in NR, i.e., 16 per cell for single UE.
Observation 1: Requirement on the maximum supported number of HARQ process is different per satellite scenario.
In case of transmission with large RTT, for resolving issue on HARQ, following two options can be considered:

· Option-1: Increasing the maximum supported number of HARQ processes. 
· Option-2:Disabling the feedback for DL transmission as agreed in RAN2
For Option-1, as mentioned before, up to around 40 and 500 HARQ process number for 1 ms slot duration should be considered. For supporting such large amount of process, huge requirements on the soft buffer will be required with significantly increase of UE complexity. Moreover, in current spec, the indication of HARQ ID for each transmission will be done in DCI for dynamic scheduling, more DCI overhead will required once the large HARQ process number is supported. Then, the necessity on the extension of maximum supported number of HARQ, e.g., large than 16, should be further verified with consideration on potential UE capability as well as related spec imapcts. Then, the Option-2 should be considered as the baseline for study.
Additionally, according to the previous analysis, it can be found that the required number of HARQ is mainly determined by the configuration of satellite. Then, the disable of the HARQ for transmission in semi-static way is preferred once the requirements on HARQ process number exceeds the capability. 
Proposal 1: Disabling the feedback of HARQ in semi-static way can be considered as the baseline for NTN.
Proposal 2: Necessity on extension of maximum supported number of HARQ should be verified with consideration on the UE capability and impacts on specification.
3 Discussion on the performance for DL/UL transmission

Generally, based on the current spec, the scheduling for each UE, e.g., the MCS selection, will be conducted with consideration of several factors, e.g., channel condition, latency requirements for each type of service. For example, for traditional eMBB usage, the MCS with target BLER@10% will be considered by assuming the existence of HARQ and for latency reduction, e.g., URLCC, MCS with lower target BLER is used. 
For NTN, as mentioned above, in case of the disable of HARQ feedback, the retransmission will mainly relay on the higher layer operation, e.g., RLC and TCP with larger latency. In this case, from physical layer perspective, the proper scheduling for the transmission(s) should be well evaluated for target performance requirement.  The following implementation ways can be considered as the baseline:
1. Scheduling with conservative MCS
In this way, based obtained channel condition via either UL measurement or reported from UE, at gNB, additional offset can be considered for the CQI calculation for MCS selection with better robustness, e.g., CQI_used = CQI_real – offset. The determination of offset relays on the scheduling principles at gNB.
2. MCS table with lower target BLER.

For reducing the latency of scheduling, similar as URLLC, the MCS table with lower transport block error probability as well as spectral efficiency will be used for the DL/UL transmission (e.g., Table 5.1.3.1-3[3]) and CSI report (Table 5.2.2.1-4 with target BLER less than 0.001% [3]).
3. Repetition with RV cycling:

In current NR specification, the slot aggregation is introduced for both DL and UL transmission with RV cycling to ensure the reliability of transmission. The same operation can be used for NTN. Moreover, instead of the RRC configuration, for enhancing the flexibility of scheduling, the indication of corresponding parameters, e.g., repetition number, can be signalled to UE together with other information in DCI. In this way, the scheduling will be always conducted with the “new data” and after the detection of received data, the buffer for the certain HARQ will be refreshed, namely single HARQ process will be enough.

4. Blind scheduling of retransmission

Similar to the repetition, the gNB will conduct the blind scheduling of retransmission with consecutive grants. In this way, different MCS and RV can be assigned for each scheduling and UE will terminate the monitor of the corresponding scheduling once successful decoding is achieved. Meanwhile, single HARQ process will be enough for the transmission.
Proposal 3: Following implementation-based methods can be considered as baseline for the transmission performance enhancements once the feeder back of HARQ is disabled.
· Scheduling with conservative MCS 
· MCS table with lower target BLER
· Repetition with RV cycling:

· Blind scheduling of retransmission

4 Conclusions
In this contribution, the potential issues on the HARQ procedure with consideration of the characteristics of NTN transmission are discussed with following observation and proposals:

Observation 1: Requirement on the maximum supported number of HARQ process is different per satellite scenario.
Proposal 1: Disabling the feedback of HARQ in semi-static way can be considered as the baseline for NTN.
Proposal 2: Necessity on extension of maximum supported number of HARQ should be verified with consideration on the UE capability and impacts on specification.

Proposal 3: Following implementation-based methods can be considered as baseline for the transmission performance enhancements once the feeder back of HARQ is disabled.

· Scheduling with conservative MCS 
· MCS table with lower target BLER
· Repetition with RV cycling:

· Blind scheduling of retransmission
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