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Introduction
In this paper, we discuss the remaining critical issues for RLC and PDCP in adapting NR to NTN.
New NTN 5QI 
[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 new 5QI value to support satellite connectivity was introduced in 23.501 [1] (non-relevant parts omitted): 
Table 5.7.4-1: Standardized 5QI to QoS characteristics mapping
	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
(NOTE 1)
	90
	1100ms
(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 1:	A packet which is delayed more than PDB is not counted as lost, thus not included in the PER.
NOTE 2:	It is required that default MDBV is supported by a PLMN supporting the related 5QIs.
NOTE 3:	The Maximum Transfer Unit (MTU) size considerations in clause 9.3 and Annex C of TS 23.060 [56] are also applicable. IP fragmentation may have impacts to CN PDB, and details are provided in clause 5.6.10.
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 two way propagation delay 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-10 can accommodate the worst case PDB for GEO satellite type.

The most notable part is the large packet delay budget (PDB) of 1100 ms, where the Access Network PDB is 1080 ms. Given this new PDB value, 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][bookmark: _Toc79020552][bookmark: _Toc79020574][bookmark: _Toc79094204][bookmark: _Toc79096037][bookmark: _Toc79096518][bookmark: _Toc79096533][bookmark: _Toc79097404][bookmark: _Toc85363634][bookmark: _Toc85760147][bookmark: _Toc85762135][bookmark: _Toc94865700][bookmark: _Toc94872822][bookmark: _Toc95122399][bookmark: _Toc95126445][bookmark: _Toc95136157][bookmark: _Toc95136429][bookmark: _Toc95136575][bookmark: _Toc95136663][bookmark: _Toc95207106][bookmark: _Toc95772808]RAN2 to adapt RLC and PDCP timers to support the new 5QI with a radio interface PDB of 1080 ms. 

RLC adaptations for NTN
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.

And at RAN2#115e 
Agreements:
1. Introduce a new t-ReassemblyExt-r17 IE, which is optional present for NTN network scenario.

The agreed values so far extend from 210 ms to 2200ms, but the reason for those values seems arbitrary. The Rel-15 values that are from 0 ms to 200 ms with a step size of 5 ms for smaller values and 10 ms for larger values. In legacy, the available values gives a network operator significant flexibility to choose a value that achieves the wanted QoS depending on the operator strategy and the type of service. 
Typically, the best value is determined based on 1) simulations, and 2) field trials. Thus, to determine what set of values are sufficient can be challenging, it may depend on the type of services (these are not known today). A small set of values comes with risk of not being able to select the best value for the parameter. 
For NTNs, the propagation RTT can vary greatly. For LEO the extension to 32 HARQ process may be sufficient, but for MEO and GEO there is a non-negligible risk that the limited number cannot avoid HARQQ stalling. As an example, if HARQ is utilized for GEO the data rates will be significantly lower, however for MEO it cannot be concluded that utilizing HARQ is not possible, and the needed reassembly range will vary greatly as the range of RTT values is much greater. 
[bookmark: _Toc85363631][bookmark: _Toc85760144][bookmark: _Toc85762132][bookmark: _Toc94865697][bookmark: _Toc94872819][bookmark: _Toc95122397][bookmark: _Toc95126443][bookmark: _Toc95136155][bookmark: _Toc95136427][bookmark: _Toc95136576][bookmark: _Toc95136664][bookmark: _Toc95207107][bookmark: _Toc95772809]A limited range of t-ReassemblyExt proposed is not sufficient to ensure the needed flexibility for the varying propagation RTTs of unknown possible satellite constellations and unknown future services. 
The Reassembly values needed for current terrestrial and future services in NTNs is unknown now, and the Reassembly values needed for the greatly varying propagation RTTs in NTNs is unknow now. 
[bookmark: _Toc79020550][bookmark: _Toc79020572][bookmark: _Toc79094214][bookmark: _Toc79096035][bookmark: _Toc79096516][bookmark: _Toc79096531][bookmark: _Toc79097402][bookmark: _Toc85363632][bookmark: _Toc85760145][bookmark: _Toc85762133][bookmark: _Toc94865698][bookmark: _Toc94872820][bookmark: _Toc95122398][bookmark: _Toc95126444][bookmark: _Toc95136156][bookmark: _Toc95136428][bookmark: _Toc95136577][bookmark: _Toc95136665][bookmark: _Toc95207108][bookmark: _Toc95772810]A more granular step size from the maximum of the Rel-15 values for t-Reassembly up to at least the maximum of the now proposed maximum t-ReassemblyExt value for NTNs is safer for future unknown services and possible constellations. 
For example, taking the maximum of the agreed value 2200ms and the 200 ms (highest value that was introduced in Rel-15), we get a value span of 2000ms. Utilizing an 8-bit integer, we can represent the values from 200 ms to 2200 ms with a 2000/28 = 7.81ms ~= 10 ms step size. This is easy to implement in RRC: 
RLC-Config information element
-- ASN1START
-- TAG-RLC-CONFIG-START

...

T-ReassemblyExt-r17 ::=            INTEGER (1..256)

-- TAG-RLC-CONFIG-STOP
-- ASN1STOP

	RLC-Config field descriptions

	…

	t-ReassemblyExt
Extended timer for t-Reassembly in TS 38.322 [4], in milliseconds. Value 1 means 210 ms, value 2 means 220 ms and so on. If t-ReassemblyExt is present, the UE shall ignore t-Reassembly. 



[bookmark: _Toc79020553][bookmark: _Toc79020575][bookmark: _Toc79094205][bookmark: _Toc79096038][bookmark: _Toc79096519][bookmark: _Toc79096534][bookmark: _Toc79097405][bookmark: _Toc85363635][bookmark: _Toc85760148][bookmark: _Toc85762136][bookmark: _Toc94865701][bookmark: _Toc94872823][bookmark: _Toc95122400][bookmark: _Toc95126446][bookmark: _Toc95136158][bookmark: _Toc95136430][bookmark: _Toc95136578][bookmark: _Toc95136666][bookmark: _Toc95207109][bookmark: _Toc95772811]Introduce the RLC t-ReassemblyExt field as an 8-bit integer with a step size of 10 ms from 210 ms, 220 ms, and so on up to a maximum of 2760 ms.

PDCP adaptations for NTN
PDCP discardTimer
At RAN2#113bis-e the following agreements concerning PDCP were agreed: 
3. The network can configure the values of PDCP discardTimer and PDCP t-Reordering timer greater than the RLC t-Reassembly timer.
4. 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

At RAN2#115e the following was agreed: 
2. Introduce a new discardTimerExt-r17 IE with a new value ms2000 and several spare bits for future extension. 
3. RAN2 consider not to extend PDCP t-Reordering timer or use several spare bits in legacy IE to add several greater values up to 4400ms.  

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

The largest non-infinity value is 1500ms, which would not be a good value to apply if the PDB is 1100 ms or if the RLC t-Reassembly is in the order of 2000 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][bookmark: _Toc79020555][bookmark: _Toc79020577][bookmark: _Toc79094207][bookmark: _Toc79096040][bookmark: _Toc79096521][bookmark: _Toc79096536][bookmark: _Toc79097407][bookmark: _Toc85363637][bookmark: _Toc85760150][bookmark: _Toc85762138][bookmark: _Toc94865703][bookmark: _Toc94872825][bookmark: _Toc95122401][bookmark: _Toc95126447][bookmark: _Toc95136159][bookmark: _Toc95136431][bookmark: _Toc95136579][bookmark: _Toc95136667][bookmark: _Toc95207110][bookmark: _Toc95772812]RAN2 to discuss whether higher values than the agreed 2000 ms is needed for PDCP discard timer, for example higher than 2200 ms as that is the maximum RLC t-Reassembly agreed in NTNs or if infinity is sufficient for those cases.
[bookmark: _Toc95126448][bookmark: _Toc95136160][bookmark: _Toc95136432][bookmark: _Toc95136580][bookmark: _Toc95136668][bookmark: _Toc95207111][bookmark: _Toc95772813]Introduce PDCP discardTimerExt with values {2000 2500 3000 3500 4000 4500 spare2 spare1} 

PDCP t-Reordering
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 }                                      

Like the discussions about t-reassembly, the PDCP t-reordering also need to be carefully chosen. 
We think if we extend the discardTimer, we need to also extend the PDCP t-Reordering, and as it in legacy can be configured to twice the discard timer, we think the same principle can be used for extended values. 
[bookmark: _Toc95136162][bookmark: _Toc95136434][bookmark: _Toc95136582][bookmark: _Toc95136670][bookmark: _Toc71559987][bookmark: _Toc71560006][bookmark: _Toc71560129][bookmark: _Toc71582413][bookmark: _Toc71571769][bookmark: _Toc71582638][bookmark: _Toc71582794][bookmark: _Toc79020556][bookmark: _Toc79020578][bookmark: _Toc79094208][bookmark: _Toc79096041][bookmark: _Toc79096522][bookmark: _Toc79096537][bookmark: _Toc79097408][bookmark: _Toc85363638][bookmark: _Toc85760151][bookmark: _Toc85762139][bookmark: _Toc94865704][bookmark: _Toc94872826][bookmark: _Toc95122402][bookmark: _Toc95126449][bookmark: _Toc95136161][bookmark: _Toc95136433][bookmark: _Toc95136581][bookmark: _Toc95136669][bookmark: _Toc95207112][bookmark: _Toc95772814]Introduce the new PDCP t-Reordering values 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 using some of the spare values.

Conclusion
[bookmark: _Hlk16780604]In the above sections we made the following observations:
Observation 1	RAN2 to adapt RLC and PDCP timers to support the new 5QI with a radio interface PDB of 1080 ms.
Observation 2	A limited range of t-ReassemblyExt proposed is not sufficient to ensure the needed flexibility for the varying propagation RTTs of unknown possible satellite constellations and unknown future services.
Observation 3	A more granular step size from the maximum of the Rel-15 values for t-Reassembly up to at least the maximum of the now proposed maximum t-ReassemblyExt value for NTNs is safer for future unknown services and possible constellations.

We propose the following:
Proposal 1	Introduce the RLC t-ReassemblyExt field as an 8-bit integer with a step size of 10 ms from 210 ms, 220 ms, and so on up to a maximum of 2760 ms.
Proposal 2	RAN2 to discuss whether higher values than the agreed 2000 ms is needed for PDCP discard timer, for example higher than 2200 ms as that is the maximum RLC t-Reassembly agreed in NTNs or if infinity is sufficient for those cases.
Proposal 3	Introduce PDCP discardTimerExt with values {2000 2500 3000 3500 4000 4500 spare2 spare1}
Proposal 4	Introduce the new PDCP t-Reordering values 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 using some of the spare values.
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