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Introduction

At RAN2#112e the following agreements were made for RLC and PDCP aspects:
Agreements:
1. RLC t-Reassembly timer needs to be extended in NR-NTN.
2. There is no need to extend t-PollRetransmit Timer in NR-NTN.
3. There is no need to extend t-statusProhibit Timer in NR-NTN.
4. There is no need to extend RLC SN length in NR-NTN
5. There is no need to extend PDCP SN length in NR-NTN

In this paper, we further 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. 
RLC Reassembly
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· Status reporting: Extension of the value range of t-Reassembly

At RAN2#112 it was decided that RLC t-Reassembly needs to be extended.
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.  
Data that is delivered without HARQ feedback should probably use a short t-Reassembly value to allow for short RLC retransmission delays and still possibly allow for a blind HARQ retransmission if gNB schedules that. 
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 outstanding 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.
Currently, the t-Reassembly have the following value range:

T-Reassembly ::=                    ENUMERATED {
                                        ms0, ms5, ms10, ms15, ms20, ms25, ms30, ms35,
                                        ms40, ms45, ms50, ms55, ms60, ms65, ms70,
                                        ms75, ms80, ms85, ms90, ms95, ms100, ms110,
                                        ms120, ms130, ms140, ms150, ms160, ms170,
                                        ms180, ms190, ms200, spare1}


In the technical report 38.821 two different methods of extending t-Reassembly was proposed:
1) Extend the value range with higher values
2) Add a factor times a configured RTT and an offset, for example
t-Reassembly-NTN = t-Reassembly + k_reassembly * RTT
where t-Reassembly is the legacy parameter while RTT and k_reassembly are new parameters. 
The first method requires us to define new values that should cover all possible combinations of, a) every satellite orbit round-trip time (from LEO to GEO) and b) every number of HARQ re-transmission that we would like have before an RLC report is triggered and c) every combination of required UE and gNB processing time (it is these that make up the HARQ RTT in legacy). As an example, consider the case of RTT = 541 ms and we like to support 1, 2 or 3 HARQ re-transmissions, then the t-Reassembly should be extended with 541ms plus the possible legacy t-Reassembly values and 1082ms plus the possible legacy t-Reassembly values  and 1623ms plus the possible legacy t-Reassembly values (that is add a total 96 values to the t-Reassembly values, or a bit lower if some of the legacy values can be excluded for each orbit RTT). For other possible Satellite orbits, we would need to add maybe even more values to t-Reassembly, though if the possible orbits have similar RTT we can reuse some of the values for them. For method 2) the possible UE and gNB processing time is already considered in the legacy t-Reassembly. Thus, the amount of values that method 1) will need to add to t-Reassembly will be significantly higher than for method 2). 
The second method introduce a scale factor k_reassembly in the RLC configuration that model the number of re-transmissions that the gNB would like to attempt as well as an RTT parameter according to possible satellite orbit, which can be a UE variable that is configured at RRC-level to be used by the RLC entity, similar to UE variables in MAC or RRC UE variables [2, section 7.4] and this RTT can be reused for all timers that are needed as a function of the RTT in the UE, one example being drx-HARQ-RTT-TimerDL when UL and DL are not aligned in the gNB [1]. 
[bookmark: _Toc61214183][bookmark: _Toc61461216][bookmark: _Toc61463256][bookmark: _Toc61559218][bookmark: _Toc61561578]The RLC t-Reassembly for NTNs is extended as
t-Reassembly + k_reassembly * RTT
where t-Reassembly is the legacy RLC parameter and k_reassembly and RTT are new RRC parameters.

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][bookmark: _Toc61214180][bookmark: _Toc61461214][bookmark: _Toc61463254][bookmark: _Toc61559216][bookmark: _Toc61561576]The PDCP discardTimer and t-Reordering timer do not need to be updated as there are no new QoS requirements defined for NTNs.
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Conclusion
[bookmark: _Hlk16780604]In the above sections we made the following observations:
Observation 1	The PDCP discardTimer and t-Reordering timer do not need to be updated as there are no new QoS requirements defined for NTNs.
Observation 2	SA2 are discussing QoS requirements for NTNs.

We propose the following:
Proposal 1	The RLC t-Reassembly for NTNs is extended as t-Reassembly + k_reassembly * RTT where t-Reassembly is the legacy RLC parameter and k_reassembly and RTT are new RRC parameters.
Proposal 2	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.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref534127550][bookmark: _Ref488061725][bookmark: _Ref521659446][bookmark: _Ref479756368][bookmark: _Ref481486326][bookmark: _Ref47442771][bookmark: _Hlk47389899]R2-2101493, “On scheduling, HARQ, and DRX for NTNs”, Ericsson, RAN2#113, Jan. 2021
[bookmark: _Ref47613552]TS 38.331, “Radio Resource Control (RRC) protocol specification”, Release 16, V16.3.0

