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Introduction
[bookmark: OLE_LINK9]In the previous meetings, there are some discussions on the impact on HARQ in NTN, and some solid agreements are achieved as follows:
During RAN2#104 meeting, the following agreement on the impact on HARQ in NTN was agreed:
	Agreements:
-	Both options (enhancing HARQ and disabling HARQ) will be studied.



During RAN2#105 meeting, the following agreements on the impact on HARQ in NTN were reached:
	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 in the if HARQ is turned off.  FFS the impact on other procedures and how to configure.



During RAN2#106 meeting, the following agreements on the impact on HARQ in NTN were reached:
Agreements: 
1	If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  
2	Even if HARQ feedback is disabled, the HARQ processes are still configured. 
4: Enabling / disabling of HARQ feedback is a network decision. 

During last RAN2#107 meeting, the following agreements on the impact on HARQ in NTN were reached:  
1	It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
2	The enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling. 

According to the agreements, NTN HARQ can be enabled/disabled by RRC signalling. However, there are still two aspects need more consideration:
1) The necessity of the enabling / disabling of HARQ feedback can be configured in the granularity of LCH;
2) The necessity of the enabling / disabling of HARQ feedback can be configurable on a per Configured CG/SPS basis via RRC signalling;
Hence, in this contribution, we will elaborate the above left issues, and provide our proposals.
Discussion
As discussed in email discussion [106#71] [NR/NTN] HARQ, the following listed criteria for enabling / disabling HARQ feedback are aimed to support differentiated HARQ operations for services with different requirement within one UE:
· Service requirements in terms of throughput e.g. enable for low rate service with small and infrequent packets and disable for high rate eMBB services 
· Service requirements in terms of reliability e.g. enable for high reliability and disable for low reliability 
· Some RRC messages may still support HARQ 
· Certain RRC procedures such as initial attach messages may still support HARQ feedback
For regular radio resource management (RRM) strategy, the services with similar QoS requirements, in terms of delay, reliability etc., are mapped into one radio bearer and corresponding logical channel. Therefore, a simple and straightforward method is that the LCH configured for high reliability service, e.g. URLLC service, should be selected to configured via RRC with HARQ feedback enabled, while some other LCH configured for relax requirement for reliability, but strict requirement for throughput service, e.g. some eMBB services, should be selected to configured via RRC.  
Observation 1: A simple and straightforward method to support differentiated HARQ operations for services with different requirement within one UE is that the LCH configured for high reliability service should be selected to be configured via RRC with HARQ feedback enabled, while some other LCH configured for relaxed requirement for reliability, but strict requirement for throughput service should be selected to configured via RRC with HARQ feedback disabled. 
Although some may argue that it can be implemented by enable / disable of HARQ feedback on a per HARQ process basis via RRC signalling. For example, for the case disabling of HARQ feedback, in order to ensure transmission reliability possibly, we consider designing a mapping mechanism between the service and HARQ process number via RRC signalling. As displayed in Figure1, we provide one feasible mapping mechanism, to configure mapping between different services and HARQ process number from high to low according to the reliability requirements of the service by RRC signalling. For example, URLLC service requires higher reliability than eMBB service.


Figure 1 Mapping between different services and configured enabled/disabled HARQ process number in gNB implementation
However, this mapping mechanism will limit the flexibility of the usage HARQ process number, as shown in the figure 1, only the HARQ process number #1…4 can be used for the URLLC service#1, which HARQ feedback function is configured in enabled status. According to the evaluation in RAN1, the required number of HARQ processes of GEO, MEO and LEO with 1ms slot duration and 15kHz SCS are respectively 600, 180 and 50. And these numbers are relatively larger than the conventional maximum value of HARQ process number, which is possible not be feasible to extend the number of HARQ processes to a considerably large value. Therefore, this HARQ number shrink issue caused HARQ process number semi-static reservation via RRC will be more serious in NTN system, where the long RTD cause the increasing requirement of HARQ process number. 
Observation 2: This HARQ number shrink issue caused by HARQ process number semi-static reservation via RRC will be more serious in NTN system, where the long RTD will require increased number of HARQ process number.
Proposal 1: RAN2 still need to consider further of supporting differentiated HARQ operations for services with different requirements within one UE and configure the enabling / disabling of HARQ feedback in the granularity of LCH.
As we know, the round trip delay (RTD) of LEO satellite at 600 km is 28.408ms. Besides, the round trip delay of MEO satellite at 10000 km is up to 190.38ms while the RTD of GEO satellite arrives at 544.751ms. The RTD range of satellites is from 28.408ms to 544.751ms, depending on the specific height. Hence, configured grant/SPS can reduce the PDCCH load for DCI scheduling and decrease the latency for uplink resource application. One of the main benefits for NTN with configured grant is due to the large delays associated with UE getting uplink resources when the propagation delays are high. In a normal case, the UE has to go through the SR->Grant (for BSR)->BSR->Grant(for UL data) procedure in order to get sufficient uplink resources.
Observation 3: configured grant/SPS can reduce the PDCCH load for DCI scheduling and decrease the latency for uplink resource application, which will largely reduce the scheduling delay than that in terrestrial communication case.
There are two different types of uplink grants: type 1 is the method where the configured grant parameters, such as periodicity, MCS, the start offset in time domain and other scheduling information are signalled via RRC only. And for type 2, which is similar as DL SPS, the information such as periodicity and HARQ-processes are signalled by RRC and the start offset in time domain and other is signalled via DCI scrambled by CS-RNTI. The UE can be configured to transmit in configured-grant resources for uplink transmission that does not require the UE to transmit scheduling request and receive UL grant to reduce latency. In addition, the UE is also configured to transmit automatically a specific number (repK) of repetitions without waiting HARQ feedback.
At the other hand, for configured grant, the HARQ-processes ID is calculated based on the following formula:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
In the downlink, for Semi-persistent, the HARQ-processes ID is calculated based on the following formula:
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
According to above formula, we can observe that the HARQ-processes ID of both CG and SPS are calculated from parameters of radio resource allocation in time domain, e.g. configured periodicity, start off in time domain, configured HARQ process number. This is different from dynamic scheduling, where there is no relationship between HARQ ID and radio resource allocation in time domain. On the other hand, in Rel-16 industrial IoT/URLLC WID, multiple SPS/configured grant configurations per cell can be configured to a UE has already been agreed in RAN1 and RAN2.
Observation 4: The HARQ-processes ID of both CG and SPS are calculated from parameters of radio resource allocation in time domain, e.g. configured periodicity, start off in time domain, configured HARQ process number. This is different from dynamic scheduling, where there is no relationship between HARQ ID and radio resource allocation in time domain. 
Observation 5: in Rel-16 industrial IoT/URLLC WID, multiple SPS/configured grant configurations per cell can be configured to a UE has already been agreed in RAN1 and RAN2.
Therefore, for UL CG, since in Rel-15, HARQ feedback has been ruled out instead of automatically re-transmission in configured repetition number, this means the configured start offset of CG cannot be selected randomly, which must be in the scope of configured disabled HARQ process number. Or an additional note in the specification is needed to clarify that the configured disabled/enabled HARQ process number has no impact on the HARQ number used in UL CG.  
Observation 6: The configured start offset of CG cannot selected randomly, which must be in the scope of configured disabled HARQ process number. Or an additional note in the specification is needed to clarify that the configured disabled/enabled HARQ process number has no impact on the HARQ number used in UL CG.  
  
Regarding DL SPS, since the HARQ feedback does still work, the situation is more awkward. Hence, if the HARQ ID is been reserved by RRC, this means the start offset of SPS cannot be selected randomly. Hence, the enable / disable of HARQ feedback on a SPS configurations cannot be implemented by enable / disable of HARQ feedback on a per HARQ process basis via RRC signalling. Furthermore, as the bottleneck is the lack of buffer size for HARQ soft combining in UE side, the application of DL SPS seems more important in NTN system for the reduction of the PDCCH load for DCI scheduling overhead and the latency for data transmission.
Observation 7: If the HARQ ID is been reserved by RRC, this means the start offset of SPS cannot be selected randomly. Hence, the enable / disable of HARQ feedback on a SPS configurations cannot be implemented by enable / disable of HARQ feedback on a per HARQ process basis via RRC signalling. 
Proposal 2: RAN2 need to consider the conflict between RRC configuration of enabling / disabling of HARQ feedback and SPS/configured grant configurations via RRC signalling.
Conclusion
In this contribution, we discussed some considerations on the NTN HARQ configurations by RRC signalling specifically, and we get the following observations and proposals:
Observation 1: A simple and straightforward method to support differentiated HARQ operations for services with different requirement within one UE is that the LCH configured for high reliability service should be selected to configured via RRC with HARQ feedback enabled, while some other LCH configured for relax requirement for reliability, but strict requirement for throughput service should be selected to configured via RRC.  
Observation 2: This HARQ number shrink issue caused HARQ process number semi-static reservation via RRC will be more serious in NTN system, where the long RTD cause the increasing requirement of HARQ process number.
Observation 3: configured grant/SPS can reduce the PDCCH load for DCI scheduling and decrease the latency for uplink resource application, which will largely reduce the scheduling delay than that in terrestrial communication case.
Observation 4: The HARQ-processes ID of both CG and SPS are calculated from parameters of radio resource allocation in time domain, e.g. configured periodicity, start off in time domain, configured HARQ process number. This is different from dynamic scheduling, where there is no relationship between HARQ ID and radio resource allocation in time domain. 
Observation 5: in Rel-16 industrial IoT/URLLC WID, multiple SPS/configured grant configurations per cell can be configured to a UE has already been agreed in RAN1 and RAN2.
Observation 6: The configured start offset of CG cannot selected randomly, which must be in the scope of configured disabled HARQ process number. Or an additional note in the specification is needed to clarify that the configured disabled/enabled HARQ process number has no impact on the HARQ number used in UL CG.  
Observation 7: If the HARQ ID is been reserved by RRC, this means the start offset of SPS cannot be selected randomly. Hence, the enable / disable of HARQ feedback on a SPS configurations cannot be implemented by enable / disable of HARQ feedback on a per HARQ process basis via RRC signalling. 
Proposal 1: RAN2 still need consider to support differentiated HARQ operations for services with different requirement within one UE is to directly configure the enabling / disabling of HARQ feedback in the granularity of LCH.
Proposal 2: RAN2 need to consider the conflict between RRC configuration of enabling / disabling of HARQ feedback and SPS/configured grant configurations via RRC signalling.
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