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Introduction
A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was revised in RAN Plenary #88e [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. In this contribution, we make observations and proposals to address issues discussed in RAN1#103e and summarized in FL summary #4  for NTN HARQ [3].
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[bookmark: _Ref481671177]Enhanced HARQ process ID indication 
This section addresses Issue#1 in FL summary in [3]. RAN1#103e made the following agreements:
· Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· Option 1: Slot index as the MSB
· Option 1-a:Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
· FFS: DCI 0-0/1-0
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL

HARQ stalling occurs where a DL packet on a given HARQ process ID is received but the corresponding UL HARQ feedback is not yet received and processed in the gNB. The HARQ process cannot be released until a new DL assignment on the HARQ process ID by DCI is received at the device. Increasing the number of HARQ processes allows to avoid HARQ stalling. If only 16 HARQ processes are used, the peak rate reduction due to HARQ stalling is about 43% for LEO and about 97% for GEO if HARQ feedback is not disabled. Hence, it is reasonable to consider an increase in number of HARQ processes if HARQ feedback is not disabled. On the other hand, it is unlikely that a NR chipset or gNB are designed and developed to support solely NR NTN. Mandating 32 HARQ processes raises the implementation complexity to support NR NTN. Further, if HARQ feedback is disabled, there is likely to be no significant peak data rate reduction depending on considered solutions. Hence we make the following proposal:
Proposal 1: Support of 32 HARQ processes in the device is a UE capability in NR NTN.
Considering that the achievable peak data rate is rather hypothetical as it is very unlikely that only one device will be scheduled all the resources in a satellite cell, Option 1 and Option 1-a involve un-necessary restriction for the gNB scheduler that cannot be justified. 
Option 2 seems reasonable as a spare bit from another field could readily be re-interpreted to increase the HARQ process ID field by 1 bit. One redundancy version (RV) bit can be used to indicate the MSB of HARQ process number. If one RV bit is re-used, it is necessary to ensure self-decodability for the other RVs, other there would be impact on decoding performance by (re)transmission using non-decodable RVs. RV0 is always self decodable, RV1 is not self-decodable, RV2 requires low coding rate to be self-decodable. RV3 is self-decodable at moderate coding rate. Hence, reuse one bit from DCI RV field could be considered, where only RV0 is used, or RV0 and RV3 are used.
Option 3 is straightforward and has no restriction on the legacy fields in DCI formats. However, it requires a change in DCI size for Formats 0_0, 0_1, 1_0, 1_1. In case of DCI Formats 0_1, 0_2, the Release-16 higher layer parameter  harq-ProcessNumberSizeForDCI-Format0-2 and harq-ProcessNumberSizeForDCI-Format0-2 could be configured to be value 3 to spare one bit to increase HARQ process ID field to 5 bits without increasing DCI size. We have preference for a unified solution for this Option 3.
Proposal 2: Support one of the following options for enhanced HARQ process ID indication:
· Option 2:  Reuse one bit from DCI RV field, where only RV0 is used, or RV0 and RV3 are used.
· Option 3: Extending the HARQ process ID field up to 5 bits

HARQ codebook enhancements
This section addresses Issue#2 in FL summary in [3]. RAN1#103e made the following agreements:
HARQ codebook enhancement is supported as:
· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement;
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook

In Type-1 HARQ codebook, according to the specifications the entries within the semi-static codebook for slots where no DL data was transferred are populated with NACKs. It seems reasonable to use similar convention for the slots mapped to a HARQ processor with UL HARQ feedback disabled. This should not be seen as an enhancement, as it the simplest way to apply the existing specifications. 
Observation 1: Reporting a NACK on HARQ process with disabled UL HARQ feedback should not be seen as an enhancement, as it the simplest way to apply the existing specifications.
Proposal 3: For Type-1 HARQ codebook, support Option-2: Report NACK on disabled process
On Option 3 for Type-1 HARQ codebook and Option-1 for Type-2 HARQ codebook, the need is unclear since (i) the HARQ feedback Timing Indicator field in DCI cannot be changed since it is used when UL HARQ feedback is enabled; (ii) the UL HARQ feedback is transmitted when enabled for a given HARQ process.
Proposal 4: For Type-2 HARQ codebook, support Option-2: No enhancements.

Restriction on HARQ feedback disabling
This section addresses Issue#3 in FL summary in [3]. Moderator made the following proposal:
A LS to RAN2 with capturing following options is needed to resolve the issue related to MAC CE activation/deactivation command:
· Option 1: UE expects that at least one HARQ process for DL scheduling is configured for the scheduling of MAC-CE.
· Option 2: Up to gNB’s implementation for scheduling 


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: It is up to gNB implementation if UL HARQ feedback is not disabled for Message 3 during initial access.
This issue#5 has been discussed in RAN1 over 2 meeting cycles without consensus. 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. It is not clear if this needs to be mandated or can be left to the gNB implementation. We are of the view that Moderator’s proposal for LS to RAN2 to discuss issue related to MAC CE activation/deactivation command with HAR feedback disabling.
Proposal 5: A LS to RAN2 with capturing following options is needed to resolve the issue related to MAC CE activation/deactivation command:
· Option 1: UE expects that at least one HARQ process for DL scheduling is configured for the scheduling of MAC-CE.
· Option 2: Up to gNB’s implementation for scheduling 

Performance enhancements
This section addresses Issue#4 in FL summary in [3]. Moderator made the following proposal:
Study on following enhancements is prioritized:
· Enhancements on aggregated transmission (including repetition) 
· Enhancements on MCS (including CQI report)
· Note-1: Supports on the detailed solution should be justified.
· Note-2: For other solutions, companies are encouraged to provide the results to justify the gain comparing to these two in sub-bullets.
On enhancements on aggregated transmission (including repetition), we make the following observation:
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. Increasing value for pdsch-AggregationFactor for DL or repK for UL to 16 or 32 has minimum impact on the specification.
In addition to for level of repetitions or aggregation slots greater than 8, DMRS time bundling to allow the UE to perform channel estimation cross slots could be considered
On enhancements on MCS (including CQI report), the gNB scheduler implementation can set a higher BLER target for example 1% or 0.1% and simply use a more robust MCS in normal SNR range. At lower SNR, higher repetititon or slot aggregation could be used rather than define a new MCS or CQI table to minimize impact on specifications. Figure 1 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. 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 1. 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 6:  Support higher level of slot aggregation / repetitions 16 or 32
· FFS DMRS time bundling with level of slot aggregation / repetitions > 8

PDSCH/PUSCH scheduling restriction
[bookmark: _GoBack]This section addresses Issue#5 in FL summary in [3]. RAN1#103 made the following agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until [X] after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· FFS: value of X and units in which it is defined.
· FFS: Whether TB of the two PDSCHs needs to be different

The UE processing timeline is highly implementation dependent. It will depend on the PDSCH processing capability 1  or capability 2 (as specified in TS 38.214, Tables 5.3-1 and 5.3-2) for the PDSCH decoding time N1 for a given HARQ process ID. 
Likewise, the gNB processing timeline is highly implementation dependent. With UL HARQ feedback enabled, the K1 value for UL HARQ feedback of PDSCH is indicated in HARQ feedback Timing Indicator field in DCI. The minimum K1 vale is 1 slot. Hence, if PDSCH is scheduled in slot n, the corresponding UL HARQ feedback is at the earliest sent in slot n+1. If UL HARQ feedback is disabled, there is no need for the gNB to indicate K1 and also no need to receive UL HARQ feedback since it is disabled. 
Assuming PDSCH is transmitted in slot n, the UE can receive another PDSCH in slot immediately following slot n+ N1 or slot n+N2 depending on whether the UE supports PDSCH processing capability 1 or capability 2 for the PDSCH decoding time N1. Hence, we make the following proposal:
Proposal 7: For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until N1 symbols after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process, where N1 is as defined in TS 38.214, Tables 5.3-1 and 5.3-2.
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.
Proposal 2: Support one of the following options for enhanced HARQ process ID indication:
· Option 2:  Reuse one bit from DCI RV field, where only RV0 is used, or RV0 and RV3 are used.
· Option 3: Extending the HARQ process ID field up to 5 bits
Observation 1: Reporting a NACK on HARQ process with disabled UL HARQ feedback should not be seen as an enhancement, as it the simplest way to apply the existing specifications.
Proposal 3: For Type-1 HARQ codebook, support Option-2: Report NACK on disabled process
Proposal 4: For Type-2 HARQ codebook, support Option-2: No enhancements.
Observation 2: It is up to gNB implementation if UL HARQ feedback is not disabled for Message 3 during initial access.
Proposal 5: A LS to RAN2 with capturing following options is needed to resolve the issue related to MAC CE activation/deactivation command:
· Option 1: UE expects that at least one HARQ process for DL scheduling is configured for the scheduling of MAC-CE.
· Option 2: Up to gNB’s implementation for scheduling 
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. Increasing value for pdsch-AggregationFactor for DL or repK for UL to 16 or 32 has minimum impact on the specification.
Proposal 6:  Support higher level of slot aggregation / repetitions 16 or 32
· FFS DMRS time bundling with level of slot aggregation / repetitions > 8
Proposal 7: For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until N1 symbols after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process, where N1 is as defined in TS 38.214, Tables 5.3-1 and 5.3-2.
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