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Introduction
A RAN3-led Study Item on Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The study item phase has identified HARQ scheduling and re-transmissions aspects for NR-NTN deployment scenarios [2]. This contribution aims to discuss HARQ aspects for satellite deployment.
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Scope of HARQ Enhancements 
UE capability for number of HARQ processes
RAN1#102e made the following agreements
· The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling

Increasing the number of HAR processes avoids HARQ stalling, where a DL packet is received but the corresponding UL HARQ feedback is not yet received and processed in the gNB. The corresponding HARQ process cannot be released until a DL packet is scheduled via DCI indication and received at the device. HARQ stalling can be avoided if we have

With max RTT up to 25.77 ms in LEO 600 km scenario, 28 HARQ processes are sufficient to avoid HARQ stalling. If only 16 HARQ processes are used, the maximum peak rate due to HARQ stalling is reduced by about 43%. 
With max RTT up to 541.46 ms in GEO 35786 km scenario, 32 HARQ processes only marginally avoid HARQ stalling. In case of 32 HARQ processes are used, the maximum peak rate due to HARQ stalling is reduced by about 94%, whereas with 16 HARQ processes it is reduced by 97%.  
It seems reasonable that 16 and 32 HARQ processes are optionally configured based on UE capability for LEO and HARD feedback is disabled for LEO or GEO in typical NR NTN operations. It is unlikely that a NR chipset is designed and developed to support solely NR NTN. There was no agreement in RAN1 to support 32 HARQ processes for normal cellular NR operations in Release 17. Hence we make the following proposal:
Proposal 1: Support of 32 HARQ processes in the device is a UE capability in NR NTN.
 
RLC ARQ 
RAN1#102e made the following agreements
· Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling

In case UL HARQ feedback is disabled for all the HARQ process IDs, the network can know of sustained disruptions in DL transmission in the MAC layer via RLC status report. Faster ARQ re-transmissions over the RLC layer could be configured – i.e. it could be as fast as every 5 ms. RLC status report with suitable RLC window size parameters can be chosen for LEO or GEO scenarios in Release 15 specifications – i.e. t-PollRetransmit = {5, 10, 15, 20, 25, …, 400, 450, 500, 800, 1000, 2000, 4000 ms} and t-Reassembly = {5, 10, 15, 20, 25, …, 400, 450, 500, 800, 1000, 2000, 4000 ms}. A shorter RLC window with more frequent RLC status report will allow the network to know when bad conditions on the satellite link results in many packets not being received reliably. There is no impact on specifications. 
Observation 1: To improve reliability in case UL HARQ feedback is disabled via configuration, faster ARQ re-transmissions over the RLC layer could be configured – e.g. every 5 ms, 10 ms, 15 ms, 20 ms, ... 

Disabling of HARQ 
Reliability of Message 3 in RACH procedure cannot be based on RLC ARQ as RLC AM is not possible before contention resolution has completed. The simplest way to ensure reliability is not to disable UL HARQ retransmissions before contention resolution in random access procedure has completed.
The message 3 transmission uses a HARQ message 3 buffer during random access procedure, which is separate from HARQ buffer used for UL retransmissions of data in connected mode. UL HARQ retransmissions for message 3 on any HARQ process ID can be used without any HARQ buffer issues. The RRC configuration for disabling of UL HARQ retransmissions per UE per process for data transfer in connected mode can be ignored. 
Observation 2: Reliability of Message 3 in RACH procedure cannot be achieved via RLC ARQ as RLC AM is not possible before contention resolution has completed.
Proposal 2: UL HARQ retransmissions is not disabled for Message 3 transmission in RACH procedure.
HARQ disabling is likely to impact specification of many NR features. In particular, timing of MAC CE activation/deactivation and reliability could become issues if HARQ is disabled. One solution is to ensure the UE can at least expect one HARQ process to be configured with UL HARQ feedback. 
Proposal 3: Whether UE should expect that at least one HARQ process is configured with UL HARQ feedback for MAC CE activation / de-activation is specified or up to network configuration.

Configurations of HARQ 
On HARQ, the following recommendations were made in Feature Lead summary in RAN1#102e based on company proposals and comments:
The necessity to enable the different configuration on following parameter(s) for each HARQ process with/without feedback can be discussed
· Aggregation factor
· MCS table
· Time domain resource allocation table
· Frequency resource allocation type 0 and type 1
· Block error rate target
· Physical resource block (PRB) bundling configuration
· PDSCH mapping type A and type B

The configuration for each HARQ process with/without feedback may be done in several ways – i.e. (i) the network does not disable HARQ on any process; (ii) the network disable HARQ for all the processes; and (iii) the network configures 2 HARQ process pools as illustrated in Figure 1. 
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Figure 1: Use of 2 Pools HARQ processes
For example Pool#1 has 8 HARQ process 0, 1, .., 7 with UL HARQ feedback enabled and Pool#2 has 8 HARQ processes 8, 9, .., 15 with UL HARQ feedback disabled. The network can expect UE to do soft combining of re-transmitted TBs scheduled using HARQ process ID in Pool #1. It can be a UE capability whether the UE can soft combine transmissions scheduled with a HARQ process ID in Pool#2 depending on its implementation of soft buffer management. The size of the 2 pools and the HARQ parameters for each pool can be configured differently by the network – i.e. Block error rate target, MCS table, aggregation factor, Time Domain and Frequency Domain resource allocation, PRB bundling, etc. On reception of the DCI, the UE can check whether the HARQ process ID is in HARQ Pool#1 or #2, and apply soft combining accordingly. 
Proposal 4: The HARQ parameters for HARQ processes with enabling/disabling on HARQ feedback for downlink transmission can be configured differently to ensure adequate reliability – i.e. Block error rate target, MCS table, aggregation factor, Time Domain and Frequency Domain resource allocation, PRB bundling, etc.
Proposal 5: The network can configure one HARQ process pool with UL HARQ feedback enabled and one HARQ process pool with UL HARQ feedback disabled. 
Proposal 6: Whether HARQ process IDs with UL HARQ feedback disabled via RRC can do HARQ soft combining is a UE capability.

Enhancement on the transmission
On HARQ, the following recommendations were made in Feature Lead summary in RAN1#102e based on company proposals and comments:
Enhancement on the transmission w.r.t.
· blind transmission:
· larger aggregation/repetition factor:
· CQI with new BLER target
· UCI including DL decoding Infor/MCS request
· UE assistance information 
· Pre-active feedback

It seems reasonable to increase the aggregation slot factor or repetitons for low SNR cases depending on the NR NTN scenario to achieve lower BLER target in low SNR conditions. 
Observation 3: In NR specifications, the MCS selection, time domain allocation, and frequency resource allocation type 0 and type 1 can be done first as in the specifications. Then, repetitions with values 2, 4, or 8 to increase the reliability of each transmissions as in URLLC can be done based on pdsch-AggregationFactor for DL or repK for UL based on RRC configuration. 
It is up to the gNB scheduler to set a BLER target irrespective of the CQI table. Figure 2 shows required SNR to achieve BLER targets for code rate 0.2975 with QPSK and r=0.4772 with 16QAM ((CQI=4 and CQI=8 respectively based on TS 38.214, Table 5.2.2.1-4: 4-bit CQI table). It can be observed that the BLER curves are very steep in TDL-D channel profile in NR-NTN. 
Observation 4: An SNR gain in the order of 1 dB is required to achieve a BLER target of e-3 compare to BLER target of e-1 in TDL-D channel profile in NR NTN. This represents less than a CQI step for the gNB scheduler. 
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Figure 2. BLER performance for TDL-D channel profile

On the UL, blind transmission based on configured grant seem unnecessary as there is no requirement for low latency. In case UE is configured resources for blind transmission and does need to transmit anything, UL skipping would be wasteful of satellite spectrum. 
On the DL, since number of HARQ processes is increased to 32 there seems no concern for latency of UL HARQ feedback for LEO. In case of GEO, with HARQ disabled then pre-emptive feedback is not relevant. 
Proposal 7:  Higher level of slot aggregation / repetitions than 8 is FFS 

Conclusion
In this contribution, we discussed scope of HARQ enhancements. We made the following observations and proposals:
Proposal 1: Support of 32 HARQ processes in the device is a UE capability in NR NTN.
Observation 1: To improve reliability in case UL HARQ feedback is disabled via configuration, faster ARQ re-transmissions over the RLC layer could be configured – e.g. every 5 ms, 10 ms, 15 ms, 20 ms, ... 
Observation 2: Reliability of Message 3 in RACH procedure cannot be achieved via RLC ARQ as RLC AM is not possible before contention resolution has completed.
Proposal 2: UL HARQ retransmissions is not disabled for Message 3 transmission in RACH procedure.
Proposal 3: Whether UE should expect that at least one HARQ process is configured with UL HARQ feedback for MAC CE activation / de-activation is specified or up to network configuration.
Proposal 4: The HARQ parameters for HARQ processes with enabling/disabling on HARQ feedback for downlink transmission can be configured differently to ensure adequate reliability – i.e. Block error rate target, MCS table, aggregation factor, Time Domain and Frequency Domain resource allocation, PRB bundling, etc.
Proposal 5: The network can configure one HARQ process pool with UL HARQ feedback enabled and one HARQ process pool with UL HARQ feedback disabled. 
Proposal 6: Whether HARQ process IDs with UL HARQ feedback disabled via RRC can do HARQ soft combining is a UE capability.
Observation 3: In NR specifications, the MCS selection, time domain allocation, and frequency resource allocation type 0 and type 1 can be done first as in the specifications. Then, repetitions with values 2, 4, or 8 to increase the reliability of each transmissions as in URLLC can be done based on pdsch-AggregationFactor for DL or repK for UL based on RRC configuration. 
Observation 4: An SNR gain in the order of 1 dB is required to achieve a BLER target of e-3 compare to BLER target of e-1 in TDL-D channel profile in NR NTN. This represents less than a CQI step for the gNB scheduler. 
Proposal 7:  Higher level of slot aggregation / repetitions than 8 is FFS 
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