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[bookmark: _GoBack]Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· 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]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells
Note:
· This new study item does not address regulatory issues.



In this paper, we discuss impacts of long propagation delays associated with non-terrestrial networks on User Plane protocols. A general discussion on impacts on propagation delay is given in [3].
[bookmark: _Ref178064866]Discussion
MAC layer aspects
[bookmark: _Toc525724956][bookmark: _Toc525724958][bookmark: _Toc525738425] DRX
One aspect of applying NR to the satellite case is that current standards would most likely force UE to monitor and listen to PDCCH for very long times when the signal is still propagating. DRX can potentially be a way to solve this problem. The question is then how to efficiently allow UE to sleep while waiting for the feedback signal. 
[bookmark: _Toc525845649][bookmark: _Toc525849657][bookmark: _Toc525851180][bookmark: _Toc525852038]DRX could potentially be key in order to allow UE to save power when waiting for long feedback loops.
For HARQ feedback, the HARQ RTT timer and the retransmission timers are likely to be affected by the large propagation delay, the start and the length of DRX related timers should be investigated.
HARQ
[bookmark: _Hlk525837917]As has been discussed in TR 38.811[2], the problem of HARQ is that the large propagation delays force an increase in the amount of HARQ-processes in order for transmitter to be able to continuously transmit and not wait for HARQ-feedback. Among some of the options discussed for dealing with HARQ[2] is to either increase the amount of HARQ processes or to disable HARQ. At this moment, NR supports up to 16 HARQ processes, and increasing the amount of HARQ processes might entail large amounts of implementation complexities.
[bookmark: _Toc525547749][bookmark: _Toc525548521][bookmark: _Toc525550228][bookmark: _Toc525635578][bookmark: _Toc525724965][bookmark: _Toc525738432][bookmark: _Toc525845650][bookmark: _Toc525849658][bookmark: _Toc525851181][bookmark: _Toc525852039]Increasing the number of HARQ-processes might cause large amounts of complexity.
RLC/PDCP aspects
One important feature of RLC and PDCP layers is to reorder PDUs. Coupled with larger delays due to high propagation delay, the potential problem with the reordering functions of RLC and PDCP might be large. If SDUs can be delayed in span of 10ms in terrestrial NR, the SDUs in satellite case can potentially be delayed for more than one second. In order to account for larger propagation delays the reordering timers might need extension. But if reordering delay is allowed to be high to allow for retransmissions, then the buffers and delays seen by higher layers may become very large. 
[bookmark: _Toc525845651][bookmark: _Toc525849659][bookmark: _Toc525851182][bookmark: _Toc525852040]There might be impacts on RLC/PDCP reordering, such as timer values, due to large propagation delays.  
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Figure 1: General depiction of a reordering function. Exact details may differ in RLC and PDCP. 
Another aspect that needs to be considered is whether the current Sequence Number(SN) space is enough. For NR, the Sequence Number space was extended in order to allow for higher rates. For PDCP the sequence number space is 16 and 24 bits respectively and for RLC the sequence number space is 6 and 12 bits for RLC UM and 12 and 18 bits for RLC AM. 
[bookmark: _Toc525845652][bookmark: _Toc525849660][bookmark: _Toc525851183][bookmark: _Toc525852041]The SN space might be too small for large propagation delays.
[bookmark: _Toc525845660][bookmark: _Toc525849667][bookmark: _Toc525851185][bookmark: _Toc525852042]RAN2 to study the RLC/PDCP reordering functionalities, such as timer values and SN space, for NTN.

SDAP
The recently introduced SDAP layer handles mapping between 5GC flow and DRBs. This mapping could be important to provide the correct type of interaction between satellite network and 5GC network, but given that it only maps between QoS-flows and DRBs, it is believed that SDAP layer would not be affected by the propagation delays.
[bookmark: _Toc525546082][bookmark: _Toc525547756][bookmark: _Toc525548530][bookmark: _Toc525550237][bookmark: _Toc525635576][bookmark: _Toc525724963][bookmark: _Toc525738430][bookmark: _Toc525845661][bookmark: _Toc525849668][bookmark: _Toc525851186][bookmark: _Toc525852043]No changes to SDAP for satellite networks is needed.

Conclusion
In section 2 we made the following observations:
Observation 1	DRX could potentially be key in order to allow UE to save power when waiting for long feedback loops.
Observation 2	Increasing the number of HARQ-processes might cause large amounts of complexity.
Observation 3	There might be impacts on RLC/PDCP reordering, such as timer values, due to large propagation delays.
Observation 4	The SN space might be too small for large propagation delays.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to study the RLC/PDCP reordering functionalities, such as timer values and SN space, for NTN.
Proposal 2	No changes to SDAP for satellite networks is needed.
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