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Introduction
At the RAN#86 meeting, the Study Item on “Study on solutions for NR to support non-terrestrial network” was completed [1] and the corresponding work item was approved [2]. The new work item aims to specify the enhancements identified for NR NTN and has the following RAN2 objectives on user plane aspects:
· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
· [bookmark: _Hlk45617713]Enhancement on UL scheduling to reduce scheduling latency.
· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 
· RLC
· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios 
· PDCP
· SDU discard: Extension of the value range of discardTimer.
· Sequence Numbers: extension of the SN space for GEO scenarios.

Further at the RAN2#111 the following agreements were made
Agreements via email - from offline 107
1. From RAN2 perspective, an offset is applied to the start of ra-ResponseWindow in NTN for both LEO and GEO scenarios.
2. An offset to the start of the ra-ContentionResolutionTimer is introduced for both LEO and GEO scenarios.
3. Modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed in Rel-17 NTN.
4. From a RAN2 perspective, for DL, HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner. FFS for UL

Agreements via email - from offline 107:
1. At least the following methods to enhance UL scheduling are further studied in NTN: configured grant and BSR over 2-step RACH. (other solutions to enhance UL scheduling are not precluded)

Agreements:
2. Both 2-step and 4-step RACH are supported in Rel-17 NTN. FFS enhancements to RACH to accommodate the NTN environment.

In this paper, we discuss RLC and PDCP issues in adapting NR to NTN.

RLC and PDCP adaptations for NTN

[bookmark: _Toc528786998][bookmark: _Toc528786999][bookmark: _Toc528787000][bookmark: _Toc528787001][bookmark: _Toc528875587][bookmark: _Toc528787002][bookmark: _Toc528787003][bookmark: _Toc528875589][bookmark: _Toc528843600][bookmark: _Toc528843602][bookmark: _Toc528843603][bookmark: _Toc528843641]The RLC layer offers reliable communication by using ARQ with status reporting and segmentation. This service makes use of timers that might be affected by the long propagation delays of a non-terrestrial network. Extension of timers is typically an easy solution to solve such problems. However, care should be taken so that buffer-limitations and sequence number space problems are considered. 
RLC Reassembly
[bookmark: _Toc528843604][bookmark: _Toc528843989][bookmark: _Toc528852886][bookmark: _Toc528872496][bookmark: _Toc528875594][bookmark: _Toc528875632]In the WID objectives it is include that:
· Status reporting: Extension of the value range of t-Reassembly

The discussion of an extension of the t-Reassembly in NTN is mainly for the case when HARQ feedback is enabled to allow for retransmissions using HARQ before retransmissions are triggered by RLC using status reports. The extension of t-Reassembly in NTN should be further investigated i Rel-17 and simulations should be used to support the need of an extension.  
Data that is delivered without HARQ feedback should probably use a short t-Reassembly value to allow for short retransmission delays. 
For data delivered with HARQ feedback we need to extend t-Reassembly to allow for HARQ retransmissions also when the RTT is 541 ms to avoid RLC status reporting too early, resulting in data being retransmitted while it is in flight on a different HARQ process.
A too short reassembly timer will result in data being retransmitted before HARQ feedback is received, wasting resources. A too long reassembly timer will increase the delay when RLC packets are lost in HARQ. The network shall be in control of the RLC reassembly to correctly control this tradeoff between delay and unnecessary RLC retransmissions.
[bookmark: _Toc54047404][bookmark: _Toc54090684][bookmark: _Toc54260722][bookmark: _Toc54260773][bookmark: _Toc47540197][bookmark: _Toc47615491][bookmark: _Toc47657080][bookmark: _Toc47657251][bookmark: _Toc47657466][bookmark: _Toc53499591][bookmark: _Toc53536582][bookmark: _Toc53558791][bookmark: _Toc53562259][bookmark: _Toc47443236]The timer t-Reassembly value range is extended with larger values 
[bookmark: _Toc54047405][bookmark: _Toc54090685][bookmark: _Toc54260723][bookmark: _Toc54260774]Use RLC simulations to support the values to extend the t-Reassembly timer

[bookmark: _Toc528843605][bookmark: _Toc528843990][bookmark: _Toc528852887][bookmark: _Toc528875595][bookmark: _Toc528843606][bookmark: _Toc528843991][bookmark: _Toc528852888][bookmark: _Toc528843607][bookmark: _Toc528843992][bookmark: _Toc528852889][bookmark: _Toc528843608][bookmark: _Toc528843993][bookmark: _Toc528852890][bookmark: _Toc528843609][bookmark: _Toc528843994][bookmark: _Toc528852891][bookmark: _Toc528843610][bookmark: _Toc528843995][bookmark: _Toc528852892][bookmark: _Toc528843611][bookmark: _Toc528843996][bookmark: _Toc528852893][bookmark: _Toc528843612][bookmark: _Toc528843997][bookmark: _Toc528852894][bookmark: _Toc528843613][bookmark: _Toc528843998][bookmark: _Toc528852895][bookmark: _Toc528843615][bookmark: _Toc528844000][bookmark: _Toc528852897][bookmark: _Toc528843616][bookmark: _Toc528844001][bookmark: _Toc528852898][bookmark: _Toc528843617][bookmark: _Toc528844002][bookmark: _Toc528852899][bookmark: _Toc528843618][bookmark: _Toc528844003][bookmark: _Toc528852900][bookmark: _Toc528843620][bookmark: _Toc528844005][bookmark: _Toc528852902][bookmark: _Toc528843621][bookmark: _Toc528844006][bookmark: _Toc528852903][bookmark: _Toc528843622][bookmark: _Toc528844007][bookmark: _Toc528852904][bookmark: _Toc528843623][bookmark: _Toc528844008][bookmark: _Toc528852905][bookmark: _Toc528843625][bookmark: _Toc528844010][bookmark: _Toc528852907][bookmark: _Toc528843626][bookmark: _Toc528844011][bookmark: _Toc528852908][bookmark: _Toc528843627][bookmark: _Toc528844012][bookmark: _Toc528852909][bookmark: _Toc528843628][bookmark: _Toc528844013][bookmark: _Toc528852910][bookmark: _Toc528843630][bookmark: _Toc528844015][bookmark: _Toc528852912][bookmark: _Toc528843631][bookmark: _Toc528844016][bookmark: _Toc528852913][bookmark: _Toc528843632][bookmark: _Toc528844017][bookmark: _Toc528852914][bookmark: _Toc528843633][bookmark: _Toc528844018][bookmark: _Toc528852915][bookmark: _Toc887699][bookmark: _Toc887720][bookmark: _Toc1064787][bookmark: _Toc1064831]RLC sequence number space
[bookmark: _Toc16763063][bookmark: _Toc16788313][bookmark: _Toc16788535]In NR, the Sequence Number space was extended to allow for higher rates. Also, a new sequence number is generated only for each RLC SDU, rather than for each RLC PDU. For RLC, the sequence number space is 6 or 12 bits for RLC UM and 12 or 18 bits for RLC AM. With long RTTs the risk of RLC stalling, due to a too small RLC window, is increased.
In the WID objectives it is include that:
· Sequence Numbers: extension of the SN space only for GEO scenarios

The extension of the SN space for GEO scenarios in NTN should be further investigated in Rel-17 and simulations should be used to support the need of an extension. In fact, the motivation for such extension is not strong, as detailed in TR 38.821. The only identified scenario in the Rel-16 SI phase is that airplane connectivity with 360 Mbps data rate requirement cannot be met by GEO associated with RLC SDU of 500 bytes (that provides 350 Mbps data rate). This is quite a corner case. In addition, the airplane connectivity with 360 Mbps data rate requirement is just informative, i.e., it is not a mandated requirement.
[bookmark: _Toc47540188][bookmark: _Toc47615482][bookmark: _Toc47657070][bookmark: _Toc47657242][bookmark: _Toc47657457][bookmark: _Toc53499589][bookmark: _Toc53536579][bookmark: _Toc53558788][bookmark: _Toc53562256][bookmark: _Toc54047400][bookmark: _Toc54090680][bookmark: _Toc54260718][bookmark: _Toc54260769]Extension of the SN space in RLC is not critical for NTN.
[bookmark: _Toc53536583][bookmark: _Toc53558792][bookmark: _Toc53562260][bookmark: _Toc54047406][bookmark: _Toc54090686][bookmark: _Toc54260724][bookmark: _Toc54260775]The existing RLC SN space is sufficient to support NTNs.

PDCP
For PDCP, the WID objectives also include
· SDU discard: Extension of the value range of discardTimer.
· Sequence Numbers: extension of the SN space for GEO scenarios.

In Rel-16 NTN SI, SDU discard was discussed but whether extending the value range of discardTimer is necessary or not was not concluded. So, per the WID objective, this can be further discussed in Rel-17 to conclude this topic, whether the extension is needed or not.
The PDCP discardTimer and t-Reordering timer are related to the actual QoS requirements, which are independent of the round trip time (RTT), and there are no new 5QIs defined for NTNs. 
[bookmark: _Toc53536580][bookmark: _Toc53558789][bookmark: _Toc53562257][bookmark: _Toc54047401][bookmark: _Toc54090681][bookmark: _Toc54260719][bookmark: _Toc54260770]The PDCP discardTimer and t-Reordering timer do not need to be updated as there are no new QoS requirements defined for NTNs.
[bookmark: _Toc54047402][bookmark: _Toc54090682][bookmark: _Toc54260720][bookmark: _Toc54260771]SA2 are discussing QoS requirements for NTNs.
[bookmark: _Toc54047407][bookmark: _Toc54090687][bookmark: _Toc54260725][bookmark: _Toc54260776]There is no need to update PDCP discardTimer and PDCP t-Reordering timer. RAN2 may revisit this conclusion if new QoS requirements (5QIs) are introduced by SA2.
For the extension of the SN space for GEO scenarios, the motivation for such extension is not strong, as detailed in TR 38.821. The only identified scenario in the Rel-16 SI phase is that airplane connectivity with 360 Mbps data rate requirement cannot be met by GEO associated with PDCP SDU of 500 bytes (that provides 350 Mbps data rate). This is quite a corner case. In addition, the airplane connectivity with 360 Mbps data rate requirement is just informative, i.e., it is not a mandated requirement.
[bookmark: _Toc47540189][bookmark: _Toc47615483][bookmark: _Toc47657071][bookmark: _Toc47657243][bookmark: _Toc47657458][bookmark: _Toc53499590][bookmark: _Toc53536581][bookmark: _Toc53558790][bookmark: _Toc53562258][bookmark: _Toc54047403][bookmark: _Toc54090683][bookmark: _Toc54260721][bookmark: _Toc54260772]Extension of the SN space in PDCP is not critical for NTN.
[bookmark: _Toc53536584][bookmark: _Toc53558793][bookmark: _Toc53562261][bookmark: _Toc54047408][bookmark: _Toc54090688][bookmark: _Toc54260726][bookmark: _Toc54260777]The existing PDCP SN space is sufficient to support NTNs.
Conclusion
[bookmark: _Hlk16780604]In the above sections we made the following observations:
Observation 1	Extension of the SN space in RLC is not critical for NTN.
Observation 2	The PDCP discardTimer and t-Reordering timer do not need to be updated as there are no new QoS requirements defined for NTNs.
Observation 3	SA2 are discussing QoS requirements for NTNs.
Observation 4	Extension of the SN space in PDCP is not critical for NTN.

We propose the following:
Proposal 1	The timer t-Reassembly value range is extended with larger values
Proposal 2	Use RLC simulations to support the values to extend the t-Reassembly timer
Proposal 3	The existing RLC SN space is sufficient to support NTNs.
Proposal 4	There is no need to update PDCP discardTimer and PDCP t-Reordering timer. RAN2 may revisit this conclusion if new QoS requirements (5QIs) are introduced by SA2.
Proposal 5	The existing PDCP SN space is sufficient to support NTNs.
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