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1. Introduction
 In the RAN1#102-e meeting, following agreements are made and captured in the chairman’s note as:
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

In this contribution, we further discuss on the HARQ enhancements in NTN.

2. Discussions  
Number of HARQ process
In this sub section, we discuss on the number of HARQ process in NTN. In NR, up to 16 HARQ processes are supported per UE. In NTN, much longer RTT as shown in Table 1 is considered and therefore it is considered to increase the number of parallel HARQ processes in order to efficiently adapt long RTT delay and provide more throughput gain. 

Table 1. The maximum RTT & HARQ processes for transparent payload
	
	LEO
	GEO

	
	600km
	1200km
	

	Max RTT (ms)
	20.89
	41.77
	541.46

	# of HARQ processes (15 kHz SCS)
	21
	42
	542



During the RAN1#102-e meeting, it was agreed to be considered the maximal supported HARQ process number is up to 32. One remaining issue is whether the support of 32 HARQ process is up to UE capability or not. If it is mandated to all NTN UEs to support 32 HARQ processes, UE implementation such as buffer size, processor and etc. will be restricted, and therefore it will increase the cost of NTN UEs. In the perspective of UE vendor, it is not desirable to restrict the UE implementation especially for low-cost device such as IoT device. Thus, we prefer supporting 32 HARQ processes is based on UE capability and propose to remove FFS in the agreement made in the last RAN1#102-e meeting. 
Proposal 1: The maximum number of HARQ process is up to UE capability. 

If the number of HARQ processes is increased, the remaining issue is how to indicate the HARQ process ID using DCI. Regarding this issue, two options can be considered. 1) Increasing the HARQ process ID field in DCI and 2) Keeping HARQ process id field as 4 bit and implicitly identifying the HARQ process id based on other information. 
If option 1 is supported, the HARQ process ID field in DCI needs to be increased from 4 bits to 5 bits. For non-fall back DCI case, increasing 1bit payload may be agreeable for explicit HARQ process indication. However, in case of fall back DCI, it is not desirable to increase the payload, since fall back DCI is designed for supporting basic NR operations. Therefore, if option 1 is supported, our preference is increasing HARQ process ID field for non-fall back DCI only. 
For option2, several alternatives are listed during the RAN1#102-e meeting as:
1. Slot/SFN-based solution 
2. Reuse HARQ process ID time window/segments 
3. Re-interpretation of existing DCI fields
4. CCE index-based solution
5. Additional scrambling for scheduling grant. 
As shown above, all alternatives are workable at the expense of scheduling flexibility or additional UE complexity. For example, in the slot based solution, additional 1bit can be identified by the scheduled slot index, but in case of TDD, the more strict scheduling restriction can be applied. 
Instead, CCE index based identification similar to PUCCH resource allocation which is already supported in NR can be considered. For example, 32 HARQ processes can be identified by 4 bits from HARQ process id field in DCI and extra one bit based on the lowest CCE index of PDCCH carrying DCI. 
Proposal 2: Consider CCE index based HARQ process id identification for NTN.


Enabling/disabling HARQ feedback
In the last meeting, it was agreed that enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling, and whether or not to support the dynamic enabling/disabling on HARQ feedback is still under discussion. Dynamic enabling/disabling on HARQ feedback may provide more scheduling flexibility, but it will require more complicated network and UE implantation. Besides, the use case for dynamic HARQ enabling/disabling is not clear at this stage. Therefore, further study on the use case and the clear benefit of dynamic HARQ enabling/disabling is needed. 
Proposal 3: FFS on the use case and clear benefit of dynamic HARQ enabling/disabling. 

In order to increase the link reliability performance, some enhancement on the transmission can be considered when the HARQ feedback is disabled. If the HARQ feedback is disabled, slot aggregation based transmission can be a good option to ensure the DL performance. For NTN scenario, larger number of repetition may provide good DL BLER performance at the expense of spectral efficiency. In [1], the trade-off between spectral efficiency and BLER according to the number of repetition was presented, and it is desired to select proper repetition number according to SINR and channel condition. To this end, recommended repetition factor can be reported by UE. 
[bookmark: _Hlk21095359]Another consideration point is how to properly determine MCS level when HARQ feedback is disabled. Without HARQ feedback, in order to determine the proper MCS level, gNB may rely on the RLC feedback which requires additional delay. To this end, PDSCH decoding results or decoding probability as new CSI contents can be considered. For example, UE may report its PDSCH decoding results using bit-map for a certain period configured by gNB. With this information, gNB can configure proper MCS level, repetition factor for PDSCH repetition and so on. 
Proposal 4. Consider recommended repetition factor, PDSCH decoding results or probability as new CSI contents. 
Another issue is how to construct HARQ-ACK codebook when HARQ feedback is disabled. Especially for Type-1 HARQ-ACK codebook, ACK/NACK information for all HARQ processes need to be feed-backed even though some HARQ processes are disabled. Therefore it may cause large redundancy for HARQ feedback. For example, in case of all HARQ processes in a certain CC are disabled for HARQ feedback, HARQ-ACK codebook for this CC is not needed. If only one HARQ process is enabled for HARQ feedback in a certain CC, UE may only be required to feedback the information of ACK/NACK for the enabled HARQ process. Similar approach can be applied to Type-2 or Type-3 HARQ-ACK codebook construction. In summary, it needs to further discussion on how to efficiently construct HARQ-ACK codebook when HARQ feedback is disabled. 
[bookmark: _GoBack]Proposal 5: Consider HARQ-ACK codebook enhancement when HARQ feedback is disabled.

3. Conclusion
In this contribution, we discussed on the HARQ enhancements in NTN. Based on the above discussion, we have following observation and proposals:
Proposal 1: The maximum number of HARQ process is up to UE capability. 
Proposal 2: Consider CCE index based HARQ process id identification for NTN.
Proposal 3: FFS on the use case and clear benefit of dynamic HARQ enabling/disabling. 
Proposal 4. Consider recommended repetition factor, PDSCH decoding results or probability as new CSI contents.
Proposal 5: Consider HARQ-ACK codebook enhancement when HARQ feedback is disabled.
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