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Introduction
In the RAN plenary #80 meeting, a new RAN3 SI on “solutions evaluation for NR to support Non Terrestrial Network” was approved [1]. One of the objectives is related to the propagation delay which is stated as follows:
· [bookmark: OLE_LINK9]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]
During RAN2#103bis meeting, the impacts of propagation delay on user plane are discussed and some general agreements are achieved as follows. 
	UP Impacts to study
1.	DRX
2.	HARQ 
3.	Random access response 
4.	RLC/PDCP reordering (e.g. timers and SN space)
5.	SDAP => no impact


During RAN2#104 meeting, the impact on HARQ was further discussed and it was agreed:
	Agreements:
-	Both options (enhancing HARQ and disabling HARQ) will be studied.


During RAN2#105 meeting, the impact on HARQ was further discussed and it was agreed:
	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.


[bookmark: OLE_LINK7]In this contribution, we will further discuss how to design the HARQ function in NTN to deal with the high delay impact.
Discussion
As discussed in previous meetings, two options are identified for HARQ in NTN and both will be studied in this Study Item:
Option 1: Enhance the existing HARQ operation.
Option 2: Limit HARQ capabilities and/or disabling HARQ.
In the following sections, we will analyse technique impacts and applying scenarios of the two options respectively. 
0. Technique impacts and applying scenarios 
Enhancing HARQ operation
As analysed in [2], 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 of satellites of different height is various, ranging from 28.408ms to 544.751ms, for cases where satellites work as bent-pipes.
[bookmark: OLE_LINK106][bookmark: OLE_LINK107]According to the evaluation in RAN1 [2], the required number of HARQ processes of GEO, MEO and LEO with 1ms slot duration and 15kHz SCS are respectively 600, 180 and 50. Thus for Option 1, the maximum number of HARQ processes should be extend to more than 600, 180 and 50 separately. These numbers are relatively larger than the conventional maximum value of HARQ process number.
For MEO and GEO cases, it may not be feasible to simply extend the number of HARQ processes to a considerably large value. Firstly, the processing complexity increases with the number of HARQ processes as UE needs to handle them simultaneously. What’s more, this enhancement will bring challenge to the buffer requirement to RAN2 as large number of HARQ processes need to be maintained. Last but not the least, as the HARQ process number will be indicated in DCI, the extension will have larger impact on RAN1, e.g. adding bits to the DCI format.
For LEO case, however, as the number is close to the legacy value, it may be workable to extend the number of HARQ processes from RAN2 perspective. But the final decision is up to RAN1.
Observation 1: Enhancing HARQ operation is not appropriate for large delay cases, e.g. MEO and GEO cases, from RAN2 perspective.
Disabling HARQ operation
As discussed above, for too large propagation delay cases, e.g. MEO and GEO cases, Option 1 may not be suitable. Therefore, Option 2 is raised to disable HARQ operation. 
For option 2, it will bring challenge to the reliability of services. For service in RLC UM mode, it can only rely on one-shot transmission. And for service in RLC AM mode, it can depend on RLC ARQ function. According to the conclusion of [3], reliability is one of the most important performance parameters of NTN services. For instance, voice service in GEO case uses UM mode and thus relies on HARQ to ensure reliability. In this case, it is not appropriate to disable HARQ operation. 
[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Observation 2: Disabling HARQ operation will lead to decreasing of reliability which may not be acceptable for some services.
0. Flexible choice of Option 1 and Option 2
As mentioned above, Option 1 and Option 2 both have advantages and disadvantages. In some use cases like LEO, extending the maximum value of HARQ process number is an appropriate choice. But in other case like MEO and GEO, extension of HARQ process number may not be a good option. So RAN2 may further consider to make the two options configurable for different RTD cases. The suitable scenarios and disadvantages are summarized in the table:
Table: Summary of the two options
	
	Suitable scenario
	Disadvantages

	Option 1:
Enhance HARQ
	LEO
	Need to extend the HARQ process number, which increases processing complexity, brings challenge to buffer and impacts DCI format 

	Option 2
Disable HARQ
	MEO and GEO
	May not satisfy the reliability, especially for service in RLC UM mode



Proposal 1: If both options for HARQ are supported, they should be configurable for different RTD cases.
In addition, the subsequent scenario should also be considered: an UE in supporting both kinds of services with and without reliability requirements. In this case, in the same UE, some services need HARQ operation and others don’t. Therefore, RAN2 may consider to combine Option 1 and Option 2 to support different kinds of services in one UE. One beneficial solution is to only disable HARQ operation for the services without reliability requirement and save the HARQ process number for the services with reliability requirement. In this way, the services with no reliability requirement will not cost the HARQ process numbers and the advantages of both options can be utilized.
Proposal 2: Support differentiated HARQ operations for services with different reliability requirement within one UE.
Conclusion
In this contribution, we discussed the HARQ impacts of high propagation delay in Non Terrestrial Network (NTN), and we get the following observation and proposals:
Observation 1: Enhancing HARQ operation is not appropriate for large delay cases, e.g. MEO and GEO cases, from RAN2 perspective.
Observation 2: Disabling HARQ operation will lead to decreasing of reliability which may not be acceptable for some services.
Proposal 1: If both options for HARQ are supported, they should be configurable for different RTD cases.
Proposal 2: Support differentiated HARQ operations for services with different reliability requirement within one UE.
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