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1	Introduction
The Rel-17 SI on “Study on Narrow-Band Internet of Things (NB-IoT) / enhanced Machine Type Communication (eMTC) support for Non-Terrestrial Networks (NTN)” was documented in the TR 36.763 [1] and RAN#92-e decided the SI was completed and a new LTE WI on “NB-IoT/eMTC support for Non-Terrestrial Networks” was approved with a WID in [2]. 
In the justification the following is noted: 
This Work Item intends to reuse the conclusions and recommendations of FS_LTE_NBIOT_eMTC_NTN study item, and the NR_NTN_solutions Work Item agreements and conclusions.
The WID list the assumptions:
Enhancements shall be specified as described hereafter with the following assumptions:
· Standalone deployment for NB-IoT / eMTC (i.e. operating in carrier(s) used only for NB-IoT NTN (resp. eMTC NTN)) for support in Rel-17 timeframe will be prioritized. 
· GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
· NB-IoT/eMTC design for terrestrial networks shall be reused as much as possible.
· Transparent payload

Further the WID has the following RAN2 objectives: 
All cellular IoT features specified up to Rel-16 are supported for IoT NTN unless problems are found.
Specify the following enhancements re-using NR_NTN_Solutions WI agreements as a baseline, according to Section 8 in TR 36.763:
-	User Plane:
-	Enhancements to ra-ResponseWindowSize, mac-ContentionResolutionTimer, HARQ RTT timer, UL HARQ RTT timer, and sr-ProhibitTimer. 
-	Enhancements to RLC t-Reordering timer. 
-	Others:
-	Provisioning of ephemeris

Specify the following IoT NTN specific enhancements not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:
-	Architecture:
-	Support for EPC
-	Mobility and Tracking Area:
-	Enhancements to tracking area management using the earth-fixed TA concept, considering both hard-switch and soft-switch options, where in the soft-switch option the network may broadcast more than one Tracking Area Code per PLMN.
-	Support of legacy (Rel-16) cell selection/reselection mechanisms without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
-	Support of legacy (Rel-16) Handover and RLF/reestablishment mechanisms without major enhancements. For eMTC, Rel-16 LTE CHO procedure can be considered without major enhancements. Minor adjustments to existing mobility mechanisms, such as a new parameter values, change to timing etc. can be considered to adapt functionality to NTN.
-	Others:
-	Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage;

In this contribution, we provide an overview of the necessary user plane changes when adapting NB-IoT and LTE-M to support NTNs. 
[bookmark: _Ref178064866]2	Discussion
As noted in the TR and in the NR NTN WI, the most significant impact of NTN comes from the long round trip time. 
RAN1 have the objective to specify the time and frequency synch as well as timing relationships, see the WID. 
Here we assume that RAN1 will specify LTE parameters Koffset and Kmac (or a similar mechanism to make scheduling possible) like the NR Koffset and Kmac, as well as specifying how the UEs can estimate the UE to eNB round trip time (UE-eNB RTT). 
[bookmark: _Toc79099990]For NR NTN, RAN1 specified how the UE or eNB can estimate the UE to gNB round trip time; correspondingly in LTE it is possible to estimate the UE to eNB RTT. 
[bookmark: _Toc79099991]RAN2 assumes the UE and the eNB can estimate the UE to eNB round trip time (UE-eNB RTT). The details are up to RAN1. 

2.1 MAC issues
The LTE mac-ContentionResolutionTimer corresponds to the NR timer ra-ContentionResolutionTimer that was decided to not be extended in the NR NTN WI; instead it is started after an offset. 
The exact start of ra-ContentionResolutionTimer has not yet been agreed, but at latest meeting RAN1 decided how the UE can estimate the UE to gNB round trip time which can be used as the offset to start it. 
[bookmark: _Toc79099992]The mac-ContentionResolutionTimer is not extended. 
[bookmark: _Toc79099993]The start of mac-ContentionResolutionTimer is delayed by the UE-eNB RTT. 

The LTE ra-ResponseWindowSize corresponds to the NR ra-ResponseWindow that was decided to not extend in the NR NTN WI, and the start of ra-ResponseWindow is specified in the RAN1 spec. For LTE-M and NB-IoT we have the start in the MAC spec section 5.1.4:
If the UE is a BL UE or a UE in enhanced coverage, RA Response window starts at the subframe that contains the end of the last preamble repetition plus three subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level. If the UE is an NB-IoT UE, RA Response window starts at the subframe that contains the end of the last preamble repetition plus X subframes and has length ra-ResponseWindowSize for the corresponding enhanced coverage level, where value X is determined from Table 5.1.4-1 based on the used preamble format and the number of NPRACH repetitions.
Table 5.1.4-1: Subframes between preamble transmission and RA Response Window in NB-IoT
	TDD/FDD mode
	Preamble format
	Number of NPRACH repetitions
	X 

	FDD
	0 or 1
	>= 64
	41

	FDD
	0 or 1
	< 64
	4

	FDD
	2
	>= 16
	41

	FDD
	2
	< 16
	4

	TDD
	Any
	Any
	4



The TR similarly states that ra-ResponseWindowSize do not need to be extended if the start of it is accurately compensated by an offset.
[bookmark: _Toc79099994]The ra-ResponseWindowSize is not extended. 
[bookmark: _Toc79099995]The start of ra-ResponseWindowSize is delayed by the UE-eNB RTT. 

The LTE feature preconfigured uplink resource, PUR, is dependent on pur-ResponseWindowSize for monitoring PDCCH after a PUR transmission. We can delay the start of pur-ResponseWindowSize by the UE-gNB RTT like what is proposed for ra-ResponseWindowSize. 
[bookmark: _Toc79099996]The pur-ResponseWindowSize is not extended. 
[bookmark: _Toc79099997]The start of pur-ResponseWindowSize is delayed by the UE-eNB RTT. 

The LTE “HARQ RTT Timer” corresponds to the NR drx-HARQ-RTT-TimerDL which was extended by the UE-gNB RTT for HARQ processes with HARQ feedback. 
[bookmark: _Toc79099998]The HARQ RTT Timer length is increased by the UE-eNB RTT. 
The LTE “UL HARQ RTT Timer” corresponds to the NR drx-HARQ-RTT-TimerUL which details have not been concluded on but will most likely be extended by the UE-gNB RTT. 
[bookmark: _Toc79099999]The UL HARQ RTT Timer length is increased by the UE-eNB RTT. 

The details for sr-ProhibitTimer has not converged in the NR NTN WI, but there is an agreement that the timer shall be extended. We propose to wait one meeting until details have converged before treating the values for LTE IoT NTN. 
[bookmark: _Toc79100000]The sr-ProhibitTimer shall be extended. The values are FFS. 
[bookmark: _Toc79100001]Postpone treatment of sr-ProhibitTimer values until the NR NTN details have been decided. 

The LTE drx-RetransmissionTimer corresponds to the NR timer drx-RetransmissionTimerDL that was decided to not extend in the NR NTN WI. The TR recommended to not extend the number of HARQ processes and not have disabled HARQ feedback, thus there is no reason to change drx-RetransmissionTimer. 
[bookmark: _Toc79100002]The drx-RetransmissionTimer is not changed. 
The LTE drx-ULRetransmissionTimer corresponds to the NR timer drx-RetransmissionTimerUL that has not been agreed yet. The TR recommended to not extend the number of HARQ processes and not have disabled HARQ feedback, thus there is no reason to change drx-ULRetransmissionTimer. 
[bookmark: _Toc79100003]The drx-ULRetransmissionTimer is not changed. 
The other DRX timers have not been updated in the NR NTN WI, thus no updates shall be necessary for these in in LTE. 

2.2 RLC issues 
For LTE-M and NB-IoT with two HARQ processes the following values are available for RLC t-Reordering:
T-Reordering ::=					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, ms1600-v1310}

The details of the corresponding parameter RLC t-Reassembly in NR NTN have not been concluded but it has been discussed to extend it up to 2200 ms. 
[bookmark: _Toc79100004]The RLC timer t-Reordering is extended with higher values. The values are FFS. 

3	Conclusions
In the previous sections we made the following observations: 
Observation 1	For NR NTN, RAN1 specified how the UE or eNB can estimate the UE to gNB round trip time; correspondingly in LTE it is possible to estimate the UE to eNB RTT.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 assumes the UE and the eNB can estimate the UE to eNB round trip time (UE-eNB RTT). The details are up to RAN1.
Proposal 2	The mac-ContentionResolutionTimer is not extended.
Proposal 3	The start of mac-ContentionResolutionTimer is delayed by the UE-eNB RTT.
Proposal 4	The ra-ResponseWindowSize is not extended.
Proposal 5	The start of ra-ResponseWindowSize is delayed by the UE-eNB RTT.
Proposal 6	The pur-ResponseWindowSize is not extended.
Proposal 7	The start of pur-ResponseWindowSize is delayed by the UE-eNB RTT.
Proposal 8	The HARQ RTT Timer length is increased by the UE-eNB RTT.
Proposal 9	The UL HARQ RTT Timer length is increased by the UE-eNB RTT.
Proposal 10	The sr-ProhibitTimer shall be extended. The values are FFS.
Proposal 11	Postpone treatment of sr-ProhibitTimer values until the NR NTN details have been decided.
Proposal 12	The drx-RetransmissionTimer is not changed.
Proposal 13	The drx-ULRetransmissionTimer is not changed.
Proposal 14	The RLC timer t-Reordering is extended with higher values. The values are FFS.
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