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Introduction
In previous meetings, the following agreements have been made:
	Agreement in RAN1#97
Network disabling of HARQ via RRC configuration should be supported. 
· [bookmark: _Hlk9609498]FFS: Dynamic disabling of HARQ by gNB.
Agreement in RAN1#97
Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· HARQ soft buffer size
Agreement in RAN2#106
· 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.  
· Even if HARQ feedback is disabled, the HARQ processes are still configured. 
· Enabling/disabling of HARQ feedback is a network decision.


In this contribution, we address issues for NTN scenario C2 (LEO - transparent - moving beams), with a special interest on
· Dynamic disabling of HARQ 
· The number of HARQ processes is > 16
· Blind HARQ retransmissions
Discussion
Dynamic disabling of HARQ
In RAN1#97, disabling of HARQ via RRC configuration has been agreed, and dynamic disabling is still FFS. Companies are encouraged to justify whether dynamic HARQ disabling shall be supported. 
Meanwhile, RAN2#106 decided to have an email discussion on HARQ and had the following conclusion:
	Report of Email Discussion [106#70] [NR/NTN] HARQ for NTN
18 Companies provided feedback on the email discussion on HARQ. Based on the feedback the following proposals are suggested to be agreed by RAN2:
Proposal 6: The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis. 
Proposal 7: If enabling / disabling of HARQ feedback on a per cell and on a per Logical Channel basis is supported as well will be decided during stage 3 specification.


We notice that per UE and per HARQ process are prioritized on the current stage specification. However, if only RRC-based HARQ disabling is supported, these two features have different scheduling flexibility. 
· For the disabling on a per HARQ process basis, it is possible to have dynamic scheduling of a DL assignment without HARQ feedback. By RRC configuration that certain HARQ process(es) is dedicated for no HARQ feedback, NW can schedule PDSCH with or without the dedicated HARQ process(es) to achieve dynamic HARQ feedback less scheduling on a per assignment basis. 
· However, for the disabling on a per UE basis, it is NOT possible to have the HARQ feedback less scheduling on a per assignment basis. If the disabling is only relied on RRC signalling, this will require more signalling delay than L1 and MAC layer signalling, especially for an NTN scenario of the NG-RAN logical architecture with CU/DU split. 
To provide scheduling flexibility for both cases, the dynamic disabling by using L1 or MAC layer indication shall be supported. More details can be found in [1].
[bookmark: _Toc16888658]For the disabling on a per UE basis, it is NOT possible to have dynamic HARQ feedback less scheduling on a per assignment basis.
[bookmark: _Toc16888659]The dynamic disabling of HARQ feedback shall be supported by using L1 signalling or MAC layer indication.
The number of HARQ processes is > 16
As mentioned by [2], if the legacy max number HARQ processes of 16 for DL and UL in NR is used for NTN, the long scheduling delay in NR-NTN significantly reduces the peak data rates, e.g., 
· For transparent GEO, the available peak throughput is 3.2% of NR TN peak throughput;
· for transparent LEO, the available peak throughput is around 57% of NR TN peak throughput.
However, simply extending the number of HARQ processes linearly to RTT caused by the satellite channel may not be feasible for some UEs due to memory restriction and signalling overhead on the asynchronous HARQ protocol. For example, issues with more HARQ processes than 16 are discussed as follows.
DCI size
In NR, the DCI is indicated per HARQ process per slot in a 4-bit field. For NTN, up to 14 bits will be needed to support the transparent GEO scenario. To extend the extra 10 bits, it seems quite challenging for NR. 
However, some good alternatives related to DCI format have been discussed before. For example, in [88b-14] Email discussion on number of HARQ processes, soft buffer size for NR, we quote the discussion below:
· It is desirable to allow configurable number of HARQ processes per UE for each carrier, in order to accommodate versatile deployment scenarios with wide range of RTT values. From RAN1 specification point of view, the maximum number of HARQ processes needs to be defined. The size of the corresponding DCI field may be determined based on either the maximum or the configured number of HARQ processes, which can be discussed later.
From our understanding on DCI formats in NR, this is especially feasible for DCI format 0_1 and 1_1 since the DCI size depends on the features that are configured in the system, i.e., some information fields may not be present and the related bits will be reserved for other usages.
[bookmark: _Toc16888660]A configurable number of HARQ processes shall be considered.
However, for DCI format 0_0 and DCI format 1_0, the DCI sizes are meant to be restricted. One simple solution may be to introduce a new RNTI to reset the existing bit fields to extend the HARQ related filed.
HARQ soft buffer size
In NR, UE may support 16 HARQ processes per serving cell and up to 32 CCs can be supported for CA. In other words, a good NR device may support 512 HARQ buffers or soft buffers. Based on this assumption, if there is no need for CA in NTN scenarios or CA is not feasible for some scenarios, e.g., the moving-beam LEO, NR UE may have full capability to support more than 16 HARQ processes. On top of that, due to a limited link budget, in average TB sizes in NTN may be smaller than TN, especially when we consider there might not be MIMO layers supported in some NTN scenarios, e.g., moving-beam LEO. 
Based on the observation, UE shall support more HARQ processes than its UE capability report.
[bookmark: _Toc16888661]HARQ process overbooking shall be considered.
In NR, soft buffer dimensioning is up to UE implementation, so there is no soft buffer management and related overbooking behaviour in the current specifications. In NTN, to avoid possible soft buffer overflow caused by increasing HARQ processes, there may be a need to introduce bit dropping rules if overbooking is allowed in NTN.
[bookmark: _Toc16888662]Bit dropping rules for HARQ soft buffer management shall be considered.
Blind HARQ retransmissions
As mentioned by [2], if HARQ is disabled, the BLER target should be improved firstly to guarantee the reliability of the first transmission. Blind HARQ retransmission is one option on the table. In the RAN2 email discussion on HARQ, the following proposal has been supported by companies:
	Report of Email Discussion [106#70] [NR/NTN] HARQ for NTN
New Proposal 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.


However, as pointed out by OPPO, for DL, in Rel-15, the re-transmission assignment must be scheduled after HARQ feedback, i.e., the RTT restriction cannot be avoided anyway. This is specified in TS 38.214 by 
· The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process.
Minor changes in the UE procedure might be needed for the downlink transmission.
[bookmark: _Toc16888663]Changes on the UE procedure shall be considered to support multiple transmissions of the same TB via NDI toggling.
Conclusion
In this contribution, we have the following observations and proposals.
[bookmark: _GoBack]Observation 1	For the disabling on a per UE basis, it is NOT possible to have dynamic HARQ feedback less scheduling on a per assignment basis.
Based on the above observations, we then have the following proposals.
Proposal 1	The dynamic disabling of HARQ feedback shall be supported by using L1 signalling or MAC layer indication.
Proposal 2	A configurable number of HARQ processes shall be considered.
Proposal 3	HARQ process overbooking shall be considered.
Proposal 4	Bit dropping rules for HARQ soft buffer management shall be considered.
Proposal 5	Changes on the UE procedure shall be considered to support multiple transmissions of the same TB via NDI toggling.
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