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Introduction
In RAN1 #102-e, the following agreement has been made as a progress for the HARQ enhancement for NTN [1]: 

[bookmark: _Hlk49429056]Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling

Agreement:
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

[bookmark: _Hlk528874692]In this contribution, we discuss on the remaining issues on HARQ enhancement for NTN.
Discussion
HARQ feedback enabling/disabling
During SI, RAN2 has agreed that HARQ feedback can be enabled/disabled per UE per HARQ process number. In the previous RAN1 meeting, RAN1 also made an agreement that the HARQ feedback enabling/disabling per UE per HARQ process number is configured via UE-specific RRC signaling.
The HARQ feedback disabling for a HARQ process could address the issue of the UE throughput performance loss due to long round trip delay with a limited HARQ process numbers, and the rely on the higher layer ARQ.
The L1 retransmission with HARQ feedback allows the schedule to use an aggressive MCS selection for initial transmission as the retransmission could handle the failed TB reception, which in general improves the UE throughput. Therefore, in general, the PDSCH target BLER is assumed 10% (e.g., for eMBB) and its associated CQI is also derived based on the PDSCH target BLER. 
When the HARQ feedback is disabled, it would be beneficial to lower the target BLER for PDSCH as no retransmission is available so that the number of retransmissions in upper layer can be reduced. Note that the retransmission in higher layer would increase the latency and resource waste significantly especially when frequent error occurs for TB transmission.
Observation-1: lowering target BLER for PDSCH when HARQ feedback is disabled is beneficial in terms of resource utilization and latency as it can reduce the number of retransmissions in higher layer
The HARQ feedback is also used for outer-loop link adaptation as the CQI feedback is typically not accurate since interference is changed dynamically, therefore the outer-loop link adaptation based on ACK/NACK has been used. However, if HARQ feedback is disabled and CQI feedback is based on the target BLER 10%, it is hard to determine MCS to meet a lower target BLER (e.g., 1%). Therefore, it would be beneficial to use a CQI table with a lower BLER target (but not as low as URLLC CQI table) when HARQ feedback is disabled.
Observation-2: use of a CQI table with a lower BLER target (e.g., 1%) could provide a better link adaptation with lower PDSCH BLER target when HARQ feedback is disabled
Therefore, a same CQI table with a different target BLER may be considered based on the HARQ feedback enabling/disabling status.
Proposal-1: a CQI table with a new target BLER (e.g., 1%) is considered when HARQ feedback is disabled
In addition, a blind retransmission could be also used to low the target BLER of the initial transmission when HARQ retransmission is not used. A couple of options for the blind retransmission could be considered such as Rel-15 slot aggregation, multiple DCI with same TB scheduling, and single DCI scheduling multi-slot PDSCH with frequency hopping, and so forth. Since the Rel-15 slot aggregation is limited to the consecutive slots and the same frequency allocation, an enhancement of blind retransmission may be considered.
Proposal-2: blind retransmission is considered when HARQ feedback is disabled

Maximum HARQ process number
Increasing the maximum HARQ process number which is currently 16 has been discussed in RAN1 to address the throughput loss due to long RTD. Considering that RAN1 has agreed to support disabling HARQ feedback and relying on RLC ARQ which addresses the same issue, it is questionable that whether increasing the maximum HARQ process number could provide additional benefit.
Using HARQ disabling with blind retransmission would work when channel/interference is not changing dynamically so that a lower target BLER could be maintained with a proper number of repetitions or retransmissions. However, when channel/interference changes dynamically, the prediction of a proper MCS and number of repetitions/retransmissions could be inaccurate so that a higher BLER of initial transmission could be observed or gNB has to select MCS and number of repetitions/retransmissions in a most conservative manner. The higher BLER could result in longer latency as it increases retransmissions in higher layer and lower resource utilization. The conservative scheduling will also lead to lower resource utilization. Moreover, when HARQ is disabled, it is hard to predict the channel condition as the outer-loop link adaptation may not perform well due to absence of the HARQ feedback.
Observation-3: increasing the maximum HARQ process number could provide benefits in terms of higher throughput, low latency, better resource utilization over HARQ feedback disabling scheme when channel/interference changes dynamically
Therefore, in some scenarios, using HARQ based transmission could be much more efficient in terms of latency, resource utilization, and throughput. However, increasing maximum HARQ process number will impact UE soft-buffer size which may not be desirable for some types of UEs (e.g., handheld or IoT) and the high throughput service may be not required for those types of UEs. On the other hand, a VSAT type of devices may require higher throughput in NTN which could justify a large soft-buffer size. 
Observation-4: increasing the maximum HARQ process number is desirable only for some type of UEs (e.g., VSAT)
Based on the observations, it seems the maximum HARQ process number increment could be supported optionally for a specific type of UEs (e.g., VSAT). Therefore, it can be indicated as a UE capability whether the 32 HARQ process number is supported or not.
Proposal-3: support maximum 32 HARQ process number as UE optional feature
Summary
In this contribution, we discussed on remaining issues on the HARQ feedback enhancement for NTN. Based on the discussion, we have following observations and proposals:
 
Observation-1: lowering target BLER for PDSCH when HARQ feedback is disabled is beneficial in terms of resource utilization and latency as it can reduce the number of retransmissions in higher layer
Observation-2: use of a CQI table with a lower BLER target (e.g., 1%) could provide a better link adaptation with lower PDSCH BLER target when HARQ feedback is disabled
Observation-3: increasing the maximum HARQ process number could provide benefits in terms of higher throughput, low latency, better resource utilization over HARQ feedback disabling scheme when channel/interference changes dynamically
Observation-4: increasing the maximum HARQ process number is desirable only for some type of UEs (e.g., VSAT)


Proposal-1: a CQI table with a new target BLER (e.g., 1%) is considered when HARQ feedback is disabled
Proposal-2: blind retransmission is considered when HARQ feedback is disabled
Proposal-3: support maximum 32 HARQ process number as UE optional feature
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