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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

At RAN2#113bis-e the following agreements concerning RLC and PDCP were agreed: 
Agreements:
1. The UE utilizes the t-Reassembly timer value that does not depend on the time-varying UE-gNB delay.
1. The value range of t-Reassembly shall be extended. The following set of values are possibly added for t-Reassembly timer: {ms210, ms220, ms340, ms350, ms550, ms1100, ms1650, ms2200}. Any other values are FFS.
1. The network can configure the values of PDCP discardTimer and PDCP t-Reordering timer greater than the RLC t-Reassembly timer.
1. Extend the range of the PDCP discardTimer and the PDCP t-reordering timer. One option is to enlarge the set of allowed values for the PDCP discardTimer and the PDCP t-reordering timer. The exact values FFS

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

RLC 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. 
In SA2, the following was captured regarding a new 5QI value to support satellite connectivity [1] [3]: 

	5QI
Value
	Resource Type
	Default Priority Level
	Packet Delay Budget
(NOTE 3)
	Packet Error
Rate 
	Default Maximum Data Burst Volume
(NOTE 2)
	Default
Averaging Window
	Example Services

	10
	Non-GBR
	90
	832ms
(NOTE 13)
(NOTE 17)
	10-6
	N/A
	N/A
	Video (Buffered Streaming)
TCP-based (e.g. www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.) and any service that can be used over satellite access type with these characteristics


NOTE 13:	A static value for the CN PDB of 20 ms for the delay between a UPF terminating N6 and a 5G-AN should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface
NOTE 17:	The worst case one way propagation delay for GEO satellite is expected to be ~270ms, ,~ 21 ms for LEO at 1200km, and 13 ms for LEO at 600km. The UL scheduling delay that needs to be added is also typically 1 RTD e.g. ~540ms for GEO, ~42ms for LEO at 1200km, and ~26 ms for LEO at 600km. Based on that, the 5G-AN Packet delay budget is not applicable for 5QIs that require 5G-AN PDB lower than the sum of these values when the specific types of satellite access are used (see TS 38.300 [27]). 5QI-<New Value> can accommodate the worst case PDB for GEO satellite type.

The notable part is the large packet delay budget (PDB) of 832 ms, where the Access Network PDB is 812 ms. Given this new value, RAN2 may decide to support E2E delays that are at maximum sufficient to support the new PDB or may introduce values to support larger values. We propose that RAN2 introduces values to support the new PDB. 
[bookmark: _Toc71559983][bookmark: _Toc71560002][bookmark: _Toc71560125][bookmark: _Toc71582409][bookmark: _Toc71571766][bookmark: _Toc71582634][bookmark: _Toc71582791]RAN2 to adapt RLC and PDCP timers to support new 5QI.

Further, a packet error rate of 10-6 is challenging if the PDB do not allow for retransmissions. An AN PDB of 812 ms will in GEO for some cases allow for one HARQ retransmission (for example if UE is in connected mode and DL data arrives or if UE already have grants when UL data arrives), but it does not allow for RLC retransmissions if we do not use value zero (or say maximum 5 ms) for RLC t-Reassembly.
[bookmark: _Toc71559976][bookmark: _Toc71559995][bookmark: _Toc71560118][bookmark: _Toc71582402][bookmark: _Toc71582627][bookmark: _Toc71582786]For GEO, with an AN PDB of 1,5 RTT, it will require very robust coding or blind retransmissions using excess resources to support a PER of 10^-6.

RLC Reassembly

In RAN2#113bis-e the following was agreed regarding t-Reassembly: 
Agreements:
1. The UE utilizes the t-Reassembly timer value that does not depend on the time-varying UE-gNB delay.
2. The value range of t-Reassembly shall be extended. The following set of values are possibly added for t-Reassembly timer: {ms210, ms220, ms340, ms350, ms550, ms1100, ms1650, ms2200}. Any other values are FFS.

To determine the needed t-reassembly values given the new 5QI, we need to consider that the new AN PDB value of 812 ms is from the transmitter perspective, which means that for the receiving RLC entity, we need to consider a one-way propagation delay to already have passed. If 832 ms corresponds to 1.5 RTT in a GEO scenario, the receiving RLC entity only has 1 RTT to correctly reassemble the SDU before the packet would exceed its PDB.  
[bookmark: _Toc71559977][bookmark: _Toc71559996][bookmark: _Toc71560119][bookmark: _Toc71582403][bookmark: _Toc71582628][bookmark: _Toc71582787]For GEO, with a PDB of 1.5 RTT, the receiving DL RLC entity will only have a single RTT to reassemble an SDU.
[bookmark: _Toc71559978][bookmark: _Toc71559997][bookmark: _Toc71560120][bookmark: _Toc71582404][bookmark: _Toc71582629][bookmark: _Toc71582788]For GEO, with a PDB of 1.5 RTT, the receiving UL RLC entity will only have a single RTT to reassemble an SDU for data that arrives in the UE buffer when the UE have a grant that can accommodate the data.
[image: ]

For t-Reassembly, we need to consider both RLC AM and RLC UM if HARQ is used and if HARQ is not used:
· For RLC UM without HARQ, t-Reassembly can be set to zero and the application layer will have to deal with the packet losses. 
· For RLC UM with HARQ, as the SDU segments are discarded upon expiry of t-Reassembly, t-Reassembly can be set to ~1 RTT. 
· For RLC AM without HARQ, RLC need to handle retransmissions and in this case the only viable configuration given the PDB is 0 ms, i.e., the status report is triggered directly once an out-of-order frame is received. 
· For RLC AM with HARQ, if HARQ handle retransmissions, then there is no time left for RLC status reports, since the PDB is used by the HARQ retransmission.  


[bookmark: _Toc71559979][bookmark: _Toc71559998][bookmark: _Toc71560121][bookmark: _Toc71582405][bookmark: _Toc71582630][bookmark: _Toc71582789]With a PDB of 1.5 RTT, setting the value of t-reassembly, only very few values are needed. The values needed will be very close to the HARQ RTT.



RLC adaptations
For link adaptation, it is common to use the HARQ feedback to adjust the MCS to make the transmissions as spectral efficient as possible. In NTN, as we introduce the ability to turn off HARQ feedback another method to perform outer loop link adaption would be to utilize feedback from RLC, more specifically RLC status reports. How exactly this is done is up to implementation, but what this implies is that receiving RLC status reports may be crucial for good performance in NTN. 
However, it is only RLC AM that enables the transmission of RLC status reports. For RLC UM, which is commonly used for services such as voice, the removal of HARQ feedback mean that the gNB may lack adequate feedback as RLC UM does not support status reporting. 
[bookmark: _Toc71559980][bookmark: _Toc71559999][bookmark: _Toc71560122][bookmark: _Toc71582406][bookmark: _Toc71582631][bookmark: _Toc71582790]If HARQ is switched off, for RLC UM the gNB scheduler may lack adequate feedback for outer loop link adaptation.
The question is thus whether it would be acceptable that RLC UM cannot be used in NTN. We think that RLC UM should be applicable as it is expected that NTN should support voice services. Thus RLC status reports for RLC UM would be beneficial without support for RLC retransmissions in the RLC receiving entities. 
[bookmark: _Toc71559985][bookmark: _Toc71560004][bookmark: _Toc71560127][bookmark: _Toc71582411][bookmark: _Toc71571767][bookmark: _Toc71582636][bookmark: _Toc71582792]For RLC UM, introduce RLC status reporting without RLC retransmissions.

PDCP adaptations for NTN
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.
PDCP discard timer has the following values in release 16: 
        discardTimer            ENUMERATED {ms10, ms20, ms30, ms40, ms50, ms60, ms75, ms100, 								ms150, ms200, ms250, ms300, ms500, ms750, ms1500, infinity}       												OPTIONAL, -- Cond Setup

It can be seen that the largest non-infinity value is 1500ms, which would not be a good value to apply if the PDB is 832 ms. Furthermore, applying 750ms may make it difficult to support either requesting uplink resources and then transmitting the data (combining to 1.5 RTT) or if an SDU needs to be retransmitted (combining to at least 1.5 RTT). One option could for instance be to introduce more granular values at the higher ranges. 
[bookmark: _Toc71559986][bookmark: _Toc71560005][bookmark: _Toc71560128][bookmark: _Toc71582412][bookmark: _Toc71571768][bookmark: _Toc71582637][bookmark: _Toc71582793]RAN2 to discuss whether any changes are needed to PDCP discard timer.

PDCP t-reordering have the following values in release 16:
    t-Reordering                ENUMERATED {
                                    ms0, ms1, ms2, ms4, ms5, ms8, ms10, ms15, ms20, ms30, 										ms40, ms50, ms60, ms80, ms100, ms120, ms140, ms160, ms180, 									ms200, ms220, ms240, ms260, ms280, ms300, ms500, ms750, 									ms1000, ms1250, ms1500, ms1750, ms2000, ms2250, ms2500, 									ms2750, ms3000, spare28, spare27, spare26, spare25, 										spare24, spare23, spare22, spare21, spare20, spare19, 										spare18, spare17, spare16, spare15, spare14,
                                    spare13, spare12, spare11, spare10, spare09,
                                    spare08, spare07, spare06, spare05, spare04, spare03,
                                    spare02, spare01 }                                      

Similar to the discussions about t-reassembly, the PDCP t-reordering also need to be carefully chosen. 
[bookmark: _Toc71559987][bookmark: _Toc71560006][bookmark: _Toc71560129][bookmark: _Toc71582413][bookmark: _Toc71571769][bookmark: _Toc71582638][bookmark: _Toc71582794]RAN2 to discuss whether any changes are needed to t-Reordering.

Conclusion
[bookmark: _Hlk16780604]In the above sections we made the following observations:
Observation 1	For GEO, with an AN PDB of 1,5 RTT, it will require very robust coding or blind retransmissions using excess resources to support a PER of 10^-6.
Observation 2	For GEO, with a PDB of 1.5 RTT, the receiving DL RLC entity will only have a single RTT to reassemble an SDU.
Observation 3	For GEO, with a PDB of 1.5 RTT, the receiving UL RLC entity will only have a single RTT to reassemble an SDU for data that arrives in the UE buffer when the UE have a grant that can accommodate the data.
Observation 4	With a PDB of 1.5 RTT, setting the value of t-reassembly, only very few values are needed. The values needed will be very close to the HARQ RTT.
Observation 5	If HARQ is switched off, for RLC UM the gNB scheduler may lack adequate feedback for outer loop link adaptation.

We propose the following:
Proposal 1	RAN2 to adapt RLC and PDCP timers to support new 5QI.
Proposal 2	For RLC UM, introduce RLC status reporting without RLC retransmissions.
Proposal 3	RAN2 to discuss whether any changes are needed to PDCP discard timer.
Proposal 4	RAN2 to discuss whether any changes are needed to t-Reordering.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref71560052]TS 23.501, “System architecture for the 5G system (5GS)”, Release 17, V17.0.0, March 2021, 
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