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	Introduction
[bookmark: _Hlk79117632][bookmark: _Ref178064866]In RAN#86, a SI was approved to determine and evaluate the minimum necessary specification updates to introduce NB-IoT/eMTC support for non-terrestrial networks (NTN), The description for the SI was updated in RAN#90 [1] and it was agreed to use the existing work on NR NTN captured in TR 38.821 [2] as a baseline. In RAN#92-e, a follow up WI was approved to specify NB-IoT/eMTC support for Non-Terrestrial Networks. The objectives of this WI within the context of RAN2 are as follows: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.

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

-	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 RAN2#115-e the following agreements were taken related to control plane: 
	The following is agreed: 
Cell selection / reselection procedures for NB-IoT and LTE-M in TN is the baseline in NB-IoT/LTE-M NTN.
RAN2 assumes that Satellite assistance information, e.g. for cell selection reselection, for serving cell is provided to UE.
Wait for the progress in RAN1 before discussion on whether satellite assistance information is broadcast in a separate information block.
The timing information on when a cell is going to stop serving the area is broadcast at least for the quasi-earth fixed case. FFS details. 
The network may broadcast more than one TAC per PLMN in a cell, which is up to network implementation.
The UE determines the Tracking Area based on the broadcast information (the use of other information is not excluded).
When the network stops broadcasting a TAC, the UE needs to know it. FFS how this is done. 
UE does not do TAU if one of the currently broadcasted TAC belongs to UE’s registration area.
Rel-16 LTE CHO mechanism is supported for LTE-M devices in IoT NTN. FFS which CE Mode(s) to apply
No procedural update is required to support connected mode mobility for LTE-M.
Rel-16 RLF / connection re-establishment mechanisms are supported in IoT NTN assuming that minor adjustments to UE specific timers and constants would be sufficient.
FFS if Satellite assistance information for neighbour cell(s) is provided to UE for cell selection/reselection (justification would be needed). 
The value range for parameter t304 is not extended with larger values.
Send an LS to RAN4 to inform that RRM impacts for supporting CHO should be taken into consideration.
Postpone the discussion on whether specific timers and constants for RLF and RRC connection re-establishment procedures require extended value range and/or new behaviour till next meeting.
System information update notification procedure is not used to inform TAC updates, at least for TAC additions (FFS removals)






In this contribution we discuss connected mode mobility for IoT NTN considering the following objective in the WID:
“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.”
	Background
3GPP has actively worked on machine type communication related improvements for LTE since Release 8. Delay-tolerant access radio resource control (RRC) establishment was introduced in LTE in Release 10. It allows the network to deprioritize connection requests from delay tolerant UEs. In Release 11, enhanced access barring (EAB), which allows barring of delay tolerant UEs in an overload scenario was specified. In Release 12 power-saving mode (PSM) feature was introduced. It allows a UE to remain registered to a network when it is powered down, i.e., in deep sleep. Extended DRX (eDRX) feature which allows UEs to optimize the time spent in power efficient RRC idle mode, similar to PSM, was introduced in Release 13. 
In Release 13, 3GPP specified eMTC and NB-IoT to support the massive machine type communications (mMTC) use case. The use case is characterized by requirements such as support of a massive number of UEs, low UE complexity to facilitate low UE cost, long UE battery life to limit the need for charging or replacing the battery, and coverage enhancements to provide ubiquitous coverage.
3	RLF / connection re-establishment mechanism
The RLF and RRC connection re-establishment procedures are specified in 36.331. UE will search for a cell after RLF is declared to initiate the RRC connection re-establishment procedure. In NB-IoT, mobility can only be triggered by RLF in connected mode whereas for LTE-M handover mechanism is supported. In Rel-14, enhancements to the RLF / RRC connection re-establishment mechanism were discussed, but latency was not considered as an issue especially since a typical IoT connection is short-lived. RRC connection re-establishment procedure is used for both user plane and control plane IoT solutions. The procedure allows retrieval of UE context and recovery of undelivered data. Note that RRC connection reestablishment procedure for CP C-IoT is different than the plain vanilla RRC reestablishment procedure since it involves eNB CP relocation indication.

For RLF and RRC connection re-establishment, there exist a few UE-specific timers and constants configured by the RRC layer and that are applicable for UEs in RRC_CONNECTED. These timers are T301, T310, and T311, while the constants are N310 and N311. Their possible values are presented below for LTE-M and NB-IoT. Note that the non-NB-IoT r13 values can only be configured for UEs supporting ce-ModeB. 
RLF-TimersAndConstants-r9 ::=			CHOICE {
	release									NULL,
	setup									SEQUENCE {
		t301-r9								ENUMERATED {
												ms100, ms200, ms300, ms400, ms600, ms1000, ms1500,
												ms2000},
		t310-r9								ENUMERATED {
												ms0, ms50, ms100, ms200, ms500, ms1000, ms2000},
		n310-r9								ENUMERATED {
												n1, n2, n3, n4, n6, n8, n10, n20},
		t311-r9								ENUMERATED {
												ms1000, ms3000, ms5000, ms10000, ms15000,
												ms20000, ms30000},
		n311-r9								ENUMERATED {
												n1, n2, n3, n4, n5, n6, n8, n10},
		...
	}
}

RLF-TimersAndConstants-r13 ::=			CHOICE {
	release									NULL,
	setup									SEQUENCE {
		t301-v1310								ENUMERATED {
													ms2500, ms3000, ms3500, ms4000, ms5000,
													ms6000, ms8000, ms10000},
		...,
		[[	t310-v1330							ENUMERATED {ms4000, ms6000}	OPTIONAL	-- Need ON
		]]
	}
}

RLF-TimersAndConstants-NB-r13 ::=	CHOICE {
	release								NULL,
	setup								SEQUENCE {
		t301-r13							ENUMERATED {
												ms2500, ms4000, ms6000, ms10000,
												ms15000, ms25000, ms40000, ms60000},
		t310-r13							ENUMERATED {
												ms0, ms200, ms500, ms1000, ms2000, ms4000, ms8000},
		n310-r13							ENUMERATED {
												n1, n2, n3, n4, n6, n8, n10, n20},
		t311-r13							ENUMERATED {
												ms1000, ms3000, ms5000, ms10000, ms15000,
												ms20000, ms30000},
		n311-r13							ENUMERATED {
												n1, n2, n3, n4, n5, n6, n8, n10},
		...,
		[[ t311-v1350						ENUMERATED {
												ms40000, ms60000, ms90000, ms120000}
														OPTIONAL	-- Need OR
		]],
		[[	t301-v1530						ENUMERATED {
												ms80000, ms100000, ms120000}
														OPTIONAL,	-- Cond TDD
			t311-v1530						ENUMERATED {
												ms160000, ms200000}
														OPTIONAL	-- Cond TDD
		]]
	}
}

In the RLF procedure, UE starts T310 upon receiving N310 out-of-sync indication and stops the timer if N311 in-sync indications are received. These indications are provided by lower layers and depend on the quality of the radio link, as specified in 36.113 and 36.213. Upon T310 expiry, UE declares RLF and might start the RRC connection reestablishment procedure. This procedure, as well as the RRC constants and timer involved, are not affected by NTN’s longer propagation delays and, thus, do not require to be updated to support IoT NTN.
[bookmark: _Toc85781674]No procedural update is required to support RLF procedure in IoT NTN.

In the RRC connection reestablishment procedure, UE starts T311 and initiates the cell selection procedure. Upon completion, it starts T301 and delivers RRCConnectionReestablishmentRequest to lower layers for transmission. In Release 13, these two timers were generously extended to account for the increased number of transmission repetitions.
In addition, in RAN2#115-e the following agreement were taken:
· Cell selection / reselection procedures for NB-IoT and LTE-M in TN is the baseline in NB-IoT/LTE-M NTN.

Therefore, unless cell selection/reselection process is modified, the value of these timers – T311 and T301 - are long enough to accommodate the whole process and several HARQ retransmissions in NTN, even in the case of the long delays in geosynchronous orbits.
[bookmark: _Toc85781675]No procedural update is required to support RRC connection re-establishment procedure in IoT NTN.
[bookmark: _Toc85781676]No extension in UE specific RRC timers and constants is required to support RLF and RRC connection re-establishment in IoT NTN.

4	Impact on IoT devices that do not support NTN
A UE performs cell selection/reselection procedures for (re)selecting a cell to camp on. When a better cell than the current serving (camping) cell or simply a “suitable cell” to camp on is found, based on whether concerned cell’s carrier frequency/RAT has precedence over other candidate cells’ carrier frequencies/RATs and/or cell’s quality exceeds a configured threshold with a higher ranking value or whether cell selection criterion S is fulfilled, the UE is synchronized with the cell’s downlink transmissions, ensures that up to date system information (that is relevant for UE’s operation) for the cell is stored in the UE, monitors the PDCCH for paging transmissions and monitors the channel quality to assess the cell’s suitability as a serving cell in relation to other cells to potentially camp on (by performing cell reselection).
When camping on a cell a UE that does not support NTNs may not be able to find out whether the cell is in a non-terrestrial network until relevant system information is acquired. It would be better if it is possible for a UE to identify whether a cell is suitable to camp on as soon as possible so that the candidate cell is ruled out quickly and the UE can refrain from acquiring whole system information. Considering that parameters associated with S criterion is provided in SIB1, it would be more efficient from UE power consumption and latency standpoint if the UE finds out whether the cell is an NTN cell, for example, once MIB or MIB and SIB1 are acquired.
[bookmark: _Toc85781670]An explicit indication of TN or NTN cell would be needed for UEs that support both.

In NR NTN, the topic of explicit indication of an NTN cell has been discussed and basic principle have been agreed in RAN2#113-e: 
Agreements:
1. RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception

[bookmark: _Toc79113222][bookmark: _Toc79113411]However, the issue still remains for a (legacy) UE that does not support NTN but operates on the same frequency with NTN, as it will not be possible to acquire the relevant SIB or interpret the information associated with NTN in an acquired SIB. With no indication (which is comprehensible by such UE) that the cell is an NTN cell, the legacy UE may decide to camp on that cell and in case random access procedure is triggered, keep on trying to establish a connection with no success due to e.g., invalid TA.
[bookmark: _Toc85781671]There has to be means for legacy UEs to avoid attempting to connect to a NTN
[bookmark: _Toc85715271][bookmark: _Toc85715272][bookmark: _Toc85781677]RAN2 to address the case of preventing legacy TN UEs attempting to access NTN.

One way of solving this problem, is if all NTN cells are barred for legacy devices. In SIB1 there is already such an indication in cellBarred. The legacy UE would thus read the SIB1 and then see that the cell is barred, and then it would be specified that this indication should be ignored. This behavior can be specified either in RRC or the idle mode specifications. 
SystemInformationBlockType1 message
-- ASN1START

SystemInformationBlockType1-BR-r13 ::=	SystemInformationBlockType1

SystemInformationBlockType1 ::=		SEQUENCE {
	cellAccessRelatedInfo				SEQUENCE {
		plmn-IdentityList					PLMN-IdentityList,
		trackingAreaCode					TrackingAreaCode,
		cellIdentity						CellIdentity,
		cellBarred							ENUMERATED {barred, notBarred},
		intraFreqReselection				ENUMERATED {allowed, notAllowed},
		csg-Indication						BOOLEAN,
		csg-Identity						CSG-Identity			OPTIONAL	-- Need OR
	},
	cellSelectionInfo					SEQUENCE {
		q-RxLevMin							Q-RxLevMin,
		q-RxLevMinOffset					INTEGER (1..8)			OPTIONAL	-- Need OP
	},
	p-Max								P-Max						OPTIONAL,			-- Need OP
	freqBandIndicator					FreqBandIndicator,
	schedulingInfoList					SchedulingInfoList,
	tdd-Config							TDD-Config					OPTIONAL,	-- Cond TDD
	si-WindowLength						ENUMERATED {
											ms1, ms2, ms5, ms10, ms15, ms20,
											ms40},
	systemInfoValueTag					INTEGER (0..31),
	nonCriticalExtension				SystemInformationBlockType1-v890-IEs	OPTIONAL
}

...

SystemInformationBlockType1-r17-IEs ::=	SEQUENCE {
	cellBarredNTN-r17						ENUMERATED {barred, notBarred}    OPTIONAL,
	...
}

...


-- ASN1STOP

	SystemInformationBlockType1 field descriptions

	...

	cellBarred, cellBarred-CRS
barred means the cell is barred, as defined in TS 36.304 [4]. For a UE in a Non-Terrestrial Network, this element is ignored. 

	cellBarredNTN
barred means the cell is barred for a UE in a non-terrestrial network, as defined in TS 36.304 [4].

	...



We thus propose that this solution is used to ensure that legacy TN UEs do not attempt to access NTN cells. 
[bookmark: _Toc85781678]A UE that supports NTN ignores the cellBarred parameter provided in SIB1 and checks a parameter introduced to indicate the barring status  for UEs that support NTN instead.


5	SIB acquisition during cell reselection in IoT NTN
Cell reselection is a mechanism for mobility in RRC Idle and RRC Inactive states. The UE finds the best cell to camp on based on some criteria such as priority, ranking and cell accessibility. Similar to initial cell search, UE searches for SS blocks to find the best cell to camp on. When the received power of a neighbouring SS block exceeds the received power of serving cell SS block by a certain configured threshold, the UE acquires SIB1 of the new cell to determine whether it is allowed to camp on that particular cell. Once it is confirmed that it is allowed to camp on the cell, UE acquires rest of the system information upon cell reselection.
Typically, an IoT device finds itself in the same cell when it wakes up to monitor for paging especially considering that it is either stationary or it has low mobility. However in a NTN, when serving satellite is categorized as low earth orbit (LEO) or medium earth orbit (MEO), it is very likely that the UE wakes up in a cell other than the serving cell when it wakes up to monitor for paging. This means that the UE would need to acquire a new set of system information every time it wakes up if the paging DRX cycle is, for example larger than ~10 seconds since cell switches would be quite frequent due to moving satellites. It would be beneficial to check whether such frequent acquisition of system information has a significant impact on UE power consumption and hence battery lifetimes.
[bookmark: _Toc85781672]In a NTN when serving satellite is categorized as low earth orbit (LEO) or medium earth orbit (MEO) it is very likely tha the UE wakes up on a cell other than the serving cell when it wakes up to monitor for paging.

[bookmark: _Toc85781673]The UE would have to acquire a new set of system information every time it wakes up causing large UE power consumption.

In order to avoid UE from acquiring full system information after cell reselection considering that it is very likely to have yet another cell reselected soon or next time the UE wakes up to monitor for paging and that the UE may not need to access the network due to pending data in the uplink, it would be beneficial if the UE could know to what extent system information from the old cell would still apply in the new cell. If it is possible to come up with a set of parameters that can be considered as essential parameters for the UE to know when camping on a cell unless it attempts for random access to establish an RRC connection, the network may indicate which of those parameters are configured differently in the cell within, for example, a tracking area. Note that it is not actually necessary to consider a tracking area, any other set of cells grouped with an ID would also be fine. To determine whether a UE should acquire full system information in a new cell, the UE would need to check whether the cell belongs to the same tracking area. 
This could in principle be done via indicating the ID of the cell group, e.g., tracking area code, in the MIB Currently the MIB only has 4 and 9 spare bits for LTE-M and NB-IoT respectively, and tracking area code in LTE, if used, is a 16-bit identifier, thus it would not be possible to insert the tracking area code as it is unless only a set of least significant bits is considered. 
[bookmark: _Toc85781679]RAN2 intends to introduce a mechanism to reduce the need to acquire full system information after cell reselection unless UE intends to access the network.

There are a couple of options for indicating the ID of a cell group, e.g., tracking area code, where essential information can be considered to have the same configuration: 
1. Use the spare bits or repurpose fields in MIB to indicate the ID of a cell group, e.g., a subset of bits indicating the tracking area code. 
2. Introduce a new SIB, scheduled by the MIB, that only indicates the essential parameters configured differently in the cell with respect to the neighboring cells needed information. 


[bookmark: _Toc79118271][bookmark: _Toc85781680]RAN2 to discuss how to indicate the ID of a cell group where parameters providing essential information are provided with the same configuration. 



6	Conclusion
In this contribution we discuss connected mode mobility for IoT NTN considering the following objective in the WID:
“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.”

The following observations have been made: 
Observation 1	An explicit indication of TN or NTN cell would be needed for UEs that support both.
Observation 2	There has to be means for legacy UEs to avoid attempting to connect to a NTN
Observation 3	In a NTN when serving satellite is categorized as low earth orbit (LEO) or medium earth orbit (MEO) it is very likely tha the UE wakes up on a cell other than the serving cell when it wakes up to monitor for paging.
Observation 4	The UE would have to acquire a new set of system information every time it wakes up causing large UE power consumption.

Based on the discussion in the previous sections we propose the following:

Proposal 1	No procedural update is required to support RLF procedure in IoT NTN.
Proposal 2	No procedural update is required to support RRC connection re-establishment procedure in IoT NTN.
Proposal 3	No extension in UE specific RRC timers and constants is required to support RLF and RRC connection re-establishment in IoT NTN.
Proposal 4	RAN2 to address the case of preventing legacy TN UEs attempting to access NTN.
Proposal 5	A UE that supports NTN ignores the cellBarred parameter provided in SIB1 and checks a parameter introduced to indicate the barring status  for UEs that support NTN instead.
Proposal 6	RAN2 intends to introduce a mechanism to reduce the need to acquire full system information after cell reselection unless UE intends to access the network.
Proposal 7	RAN2 to discuss how to indicate the ID of a cell group where parameters providing essential information are provided with the same configuration.
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