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1 Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed, and one object for Layer 2 is as following.
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]


Due to the large propagation delay, the impact on HARQ in NTN was discussed in the previous RAN2 meetings, and some agreements have been made.

In RAN2#104 meeting, HARQ was discussed and the following agreements were made.
Agreements:

-
Both options (enhancing HARQ and disabling HARQ) will be studied.  

In RAN2#105, the following agreements related to HARQ were made.
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 RAN2#106, HARQ was further discussed and the following agreements were made.
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. 

In RAN2#106, the following agreements were made based on an e-mail discussion on HARQ.
Agreements

1. Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Enhancements, if any, are up to RAN1 to discuss.

2
Soft combining of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 is supported in the receiver. 

3
Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink, this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission.

4
Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.  

5
It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 

6
The enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling. 

In RAN2#107, it has further agreed that for UL the enabling / disabling of HARQ feedback can be configurable on a per LC basis.
In this paper, we discuss the impact of enabling/disabling HARQ on CG and SPS.
2 Discussion

2.1 Impact of disabling HARQ on configuredGrantTimer
In NR, a number of UL HARQ processes can be configured for CG, and these UL HARQ processes are associated with UL transmission on configured uplink grants in the way of round robin. In addition, the UL HARQ processes configured for CG could also be used for dynamic UL scheduling. 
In order to avoid a transmitted MAC PDU 1 in the HARQ buffer of a HARQ process being flushed by a later new transmission for MAC PDU 2 associted with the same HARQ process on configured uplink grant, configuredGrantTimer is introduced. 
Accoring to the MAC specification, each UL HARQ process configured for CG is associated with a configuredGrantTimer. UE starts or restarts the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed. UE will not transmit on the configured uplink grant associated with a HARQ process until the configuredGrantTimer associated with the HARQ process is not running. Usually, the configured value of configuredGrantTimer should no less than a RTT to ensure enough time for retransmission of a UL TB which is scheduled from network.
Observation 1 A configuredGrantTimer could be configured to ensure enough time for retransmission of a UL TB scheduled from network. 
Currently, configuredGrantTimer is an optional configuration, and if configured, all the UL HARQ processes configured for CG will use the same configuredGrantTimer. 
Observation 2 In NR, if configuredGrantTimer is configured, all the UL HARQ processes configured for CG will use the same configuredGrantTimer. 
In NTN, according to the agreements, both enabling and disabling HARQ feedback are supported, and enabling /disabling HARQ feedback can be configured on a per HARQ process basis via RRC signalling. So each UL HARQ process configured for CG may be either with enabled HARQ feedback or with disabled HARQ feedback. For a UL HARQ process with enabled HARQ feedback, network should schedule the retransmission based on the UL packet decode result. For a UL HARQ process with enabled HARQ feedback, network may schedule multiple transmissions of the same TB without the UL packet decode result. So the retransmission time interval for a HARQ process with enabled HARQ feedback should be much longer than that for a HARQ process with disabled HARQ feedback. From our view, for a UL HARQ process with enabled HARQ feedback, configuredGrantTimer is needed as in NR, while for a UL HARQ process with disabled HARQ feedback, configuredGrantTimer is not needed.
Proposal 1 For UL HARQ disabling, configuredGrantTimer for the corresponding HARQ process is not needed.

2.2 HARQ process ID mapping pattern for SPS/CG

In NR, according to MAC specification:

For CG in uplink, the HARQ Process ID associated with a UL transmission is derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
For SPS in downlink, the HARQ Process ID associated with a DL transmission is derived from the following equation:

HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
Based on the formula above, both the mapping pattern from UL HARQ process ID to UL transmittion on CG and the mapping pattern from DL HARQ process ID to DL transmittion on SPS are round robin.
Observation 3 In NR, HARQ process ID mapping pattern for both SPS and CG are round robin. 
Since both enabling and disabling HARQ feedback can be supported in NTN, and according the the aggreements, for DL the enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis, and for UL the enabling / disabling of HARQ feedback can be configurable on a per UE , per HARQ process and per LC basis.
For both UL and DL, if the enabling / disabling of HARQ feedback is configured on a per UE basis, since HARQ feedback for all the HARQ processes of the UE is enabled or disabled simultaneously, there is no impact on HARQ process mapping pattern for CG/SPS. 

If the enabling / disabling of HARQ feedback is configured on a per HARQ process basis, then for the HARQ processes configured for CG/SPS, the HARQ processes with enabled HARQ feedback and the HARQ processes with disabled HARQ feedback may coexist. Since the retransmission time interval for the HARQ processes with enabled HARQ feedback and the HARQ processes with disabled HARQ feedback are different, in order to improve the SPS/CG resource untilization efficiency, the HARQ mapping pattern should consider the difference between HARQ processes with disabled and enabled HARQ feedback.

Proposal 2 RAN2 studies the HARQ process ID mapping pattern for both CG and SPS.
3 Conclusion

Based on the discussion we make the following observation:

Observation 4 A configuredGrantTimer could be configured to ensure enough time for    retransmission of a UL TB scheduled from network. 

Observation 5 In NR, if configuredGrantTimer is configured, all the UL HARQ processes configured for CG will use the same configuredGrantTimer. 

Observation 6 In NR, HARQ process mapping pattern for both SPS and CG are round robin. 
And we propose the following:
Proposal 1
For UL HARQ disabling, configuredGrantTimer for the corresponding HARQ process is not needed.
Proposal 2
RAN2 studies the HARQ process ID mapping pattern for both CG and SPS.
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