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1 Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]The WID of Rel-16 enhancements for NB-IoT was approved in RAN#80 [1]. In which, the following objective is included:
	· Specify power efficient NB-IoT mechanism which would assist idle mode inter-RAT cell selection for NB-IoT to and from LTE, LTE-MTC and GERAN [RAN2]


[bookmark: OLE_LINK9]In this contribution, we provide some initial considerations for this feature.
2 [bookmark: OLE_LINK14][bookmark: OLE_LINK3]Background
2.1 Use cases for dual-mode or multi-mode device
With its low-power consumption and cost-effective device, NB-IoT is applicable to diverse IoT applications. But the current deployment is dominated by single-mode NB-IoT chipsets which are mainly used by the devices with statistic or very low mobility characteristic, e.g., utility metering. 
With the development of the Internet of Things market and industry chain, some multi-mode chipsets (e.g. NB-IoT/GSM, NB-IoT/eMTC, NB-IoT/GSM/eMTC) are in the market which are designed for more wide-range IoT devices and IoT applications. The dual-mode or even multi-mode chipset offers a single platform design that is capable of connecting to both NB-IoT and GSM/GPRS or eMTC/LTE networks. This enables extended coverage, cross-market application with network transition function and even phone call capability.
In the following table, we try to give some use cases for using dual-mode or multi-mode chipsets:
	Mode of chipset
	Use cases
	Mobility
	Power sensitivity
	Coverage

	NB-IoT only
	meters for water/gas electricity etc. 
	Low
	High(e.g., UE’s battery is not rechargeable/replaceable)
	Indoor deep coverage

	NB-IoT+GSM 
(w/o voice)
	wearables devices, e.g., smart trackers; IoT security and inductrial applications
	High
	High(e.g., UE’s battery is not easy to be recharged/replaced)
	Outdoor or indoor deep coverage

	NB-IoT+GSM (with voice)
	wearables devices, e.g., smart watch
	High
	Middle(UE’s battery is replaceable)
	Outdoor

	NB-IoT+eMTC/LTE
	wearables devices, e.g., medical equipments (middle or large volume data)
	High
	Middle or Low(e.g., UE’s battery is rechargeable/replaceable)
	Outdoor

	NB-IoT+GSM+eMTC/LTE
	NB-IoT embedded in smart phone
	High
	Low(e.g., UE’s battery is (easily) rechargeable)
	Outdoor



2.2 Intention for inter-RAT cell selection/reselection
Based on the objectives of the WID and above analysis about modes combination, the intention of inter-RAT cell selection/reselection should be considered. The main intention would be good coverage and also being beneficial for UE power saving. The current network deployments would bring overlapped coverage from different RATs among cells that can be very significant for outdoor UEs. But the current NB-IoT has no support at all for inter-RAT mobility, in some scenarios, a multi-RAT UE would be stuck in bad radio condition even though there may be a better good alternative that could give e.g. better power consumption better efficiency. That’s not desired and needs optimization.
Another intention would be high data rate. The dual-mode or multi-mode UE can usually camp on the NB-IoT network for power saving, but when the UE has the service with high data rate, it’s better for the UE to search and re-select to other RAT, e.g, 4G eMTC/LTE network.
For the device supporting voice, the service requirement should be meet in some scenario, i.e., if the user wants to trigger voice service, the UE should search and reselect to the 2G/4G network. If the performance needs to be guaranteed, the CS fallback can be considered when the UE uses 2G network for voice.
Observation 1: The inter-RAT process for dual-mode or multi-mode UEs should be applied for meeting the requirements of good coverage, special service requirements.
3 [bookmark: OLE_LINK54]Discussion
3.1 Inter-RAT cell selection/reselection with measurements
Priorities based cell reselection is supported by legacy LTE system but not supported by NB-IoT. The start point for NB-IoT to support inter-RAT cell reselection should be considering this mechanism. 
Absolute priorities of different E-UTRAN frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRCConnectionRelease message, or by inheriting from another RAT at inter-RAT cell (re)selection. In the case of system information, an E-UTRAN frequency or inter-RAT frequency may be listed without providing a priority (i.e. the field cellReselectionPriority is absent for that frequency). If priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information. If UE is in camped on any cell state, UE shall only apply the priorities provided by system information from current cell, and the UE preserves priorities provided by dedicated signalling and deprioritisationReq received in RRCConnectionReject unless specified otherwise. 
In current specification, NB-IoT UE supports ranking based intra-frequency and inter-frequency measurement and cell reselection, we haven’t seen the obvious requirement to further enhance it, so such mechanism can be kept as it is. That is, it’s no need to consider priorities based inter-frequencies measurement and cell reselection. For E-UTRAN Inter-frequency redistribution procedure, as it’s mainly for better load balancing among frequencies which is not the intention of supporting dual-modes in NB-IoT, it’s also no need to consider this mechanism.
When evaluating Srxlev and Squal of non-serving cells for reselection purposes, the NB-IoT UE would be irrelevant of RSRQ as it is not supported by NB-IoT. This also can be kept as it is and no need of optimization at this stage.
So in the following sections, the priorities based inter-RAT measurement and cell reselection would be discussed. 
3.1.1 Inter-RAT parameter configuration 
In order to let the dual-mode or multi-mode device be aware of the existence of other RAT network, the first step would be to broadcast the inter-RAT information in the NB-IoT network. One way is to introduce existing SystemInformationBlockType7 to provide information relevant only for inter-RAT cell re-selection i.e. information about GERAN frequencies relevant for cell re-selection and also SIB(s) including eMTC frequency information. 
The IE SystemInformationBlockType7 contains information about GERAN frequencies relevant for cell re-selection. The IE includes cell re-selection parameters for each frequency. Here is the copy of SIB7 for information:
SystemInformationBlockType7 information element
-- ASN1START

SystemInformationBlockType7 ::=		SEQUENCE {
	t-ReselectionGERAN					T-Reselection,
	t-ReselectionGERAN-SF				SpeedStateScaleFactors				OPTIONAL,	-- Need OR
	carrierFreqsInfoList				CarrierFreqsInfoListGERAN			OPTIONAL,	-- Need OR
	...,
	lateNonCriticalExtension				OCTET STRING				OPTIONAL
}

CarrierFreqsInfoListGERAN ::=			SEQUENCE (SIZE (1..maxGNFG)) OF CarrierFreqsInfoGERAN

CarrierFreqsInfoGERAN ::=			SEQUENCE {
	carrierFreqs						CarrierFreqsGERAN,
	commonInfo							SEQUENCE {
		cellReselectionPriority				CellReselectionPriority			OPTIONAL,	-- Need OP
		ncc-Permitted						BIT STRING (SIZE (8)),
		q-RxLevMin							INTEGER (0..45),
		p-MaxGERAN							INTEGER (0..39)					OPTIONAL,	-- Need OP
		threshX-High						ReselectionThreshold,
		threshX-Low							ReselectionThreshold
	},
	...
}

-- ASN1STOP
The other way is to introduce a new integrated SIB for containing all possible inter-RAT information. In this integrated SIB, priority and threshold of serving frequency and serving cell, a list for indication the existence of other neighboring RAT(s) would be needed. Furthermore, a carrier list including carrier frequency(for eMTC/LTE)/set of carrier frequencies information, the cell reselection related priority, radio quality threshold and timer, and other information needed for accessing the other RAT cell may be also needed.
Proposal 1: It’s suggested to introduce a new SIB message for broadcasting inter-RAT information in NB-IoT cell.
3.1.2 Inter-RAT cell measurements according to power sensitivity
In current LTE specification, inter-frequency and inter-RAT measurement is performed according to the priorities and some thresholds configured by network, e.g:
· The rule for the frequencies with higher priority: the UE always measures and tries to move to the higher priority neighbour cell 
· The rule for the the frequencies with same or lower priority: the UE starts to measures and tries to move to the same or lower priority neighbour cell when the Srxlev and Squal are lower than the SnonIntraSearchP and Squal > SnonIntraSearchQ.

With consideration on the power saving requirements of NB-IoT, for NB-IoT dual-mode or multi-mode UE, we can further differentiate the inter-RAT process based on device’s power sensitivity. That is, the measurement parameters can be configured according to UE’s power sensitivity.
For the UE supporting NB-IoT + GERAN modes, the example principle of setting the inter-RAT measurement parameters based on device’s power sensitivity can be as follows:
	
	Parameter set for low sensitivity to power consumption
	Parameter set for high sensitivity to power consumption

	priority
	priority of the GERAN frequencies are higher than the priority of the current E-UTRAN frequency
	priority of the GERAN frequencies or are same or lower than the priority of the current E-UTRAN frequency

	Serving cell radio quality threshold
	N/A or s-NonIntraSearchP/s-NonIntraSearchQ would be relative big
	s-NonIntraSearchP/s-NonIntraSearchQ would be relative small

	the size of neighbor RAT/cells
	The whole the frequencies/cell list would be used
	A factor indicating only part of the frequencies/cell list would be used


Proposal 2: It’s suggested to provide separate inter-RAT measurement parameter sets according to UE’s power sensitivity in the inter-RAT information SIB.
3.1.3 Inter-RAT cell reselection according to enhanced coverage levels
In current LTE specification, inter-frequency and inter-RAT cell reselection is also evaluated according to the priorities and some thresholds configured by network, e.g:
· ThreshX, HighQ, ThreshX, HighP , for cell reselection to a cell on a higher priority frequency than the serving frequency;
· ThreshServing, LowQ ThreshServing, LowP ,ThreshX, LowQ, ThreshX, LowP. for cell reselection to a cell on a lower priority frequency than the serving frequency;
The device would go for the first cell which can fulfill the above condition.
The following table give detailed explanation for the related parameters:
	ThreshX, HighQ
	For reselection to neighboring LTE frequencies with higher priority, RSRQ threshold for each neighboring LTE frequencies in SIB5

	ThreshX, HighP
	For reselection to neighboring LTE frequencies with higher priority, RSRP threshold for each neighboring LTE frequencies in SIB5
For reselection to neighboring GERAN frequencies with higher priority, RSRP threshold for each neighboring GERAN frequencies in SIB7

	TreselectionRAT
	Timer for evaluating neighboring GERAN frequencies in SIB7
Timer for evaluating neighboring LTE frequencies in SIB3
Timer for evaluating neighboring LTE frequencies in SIB5

	ThreshServing, LowP
	For triggering reselection to neighboring RATs with lower priority, the RSRP threshold for serving cell in SIB3

	ThreshServing, LowQ
	For triggering reselection to neighboring RATs with lower priority, the RSRQ threshold for serving cell in SIB3

	ThreshX, LowQ
	For reselection to neighboring RATs with lower priority, RSRQ threshold for each neighboring LTE in SIB5

	ThreshX, LowP
	For reselection to neighboring RATs with lower priority, RSRP threshold for each neighboring LTE frequencies in SIB5
For reselection to neighboring RATs with lower priority, RSRP threshold for each neighboring GERAN frequencies in SIB7


For the first intention mentioned in the section 2.2, e.g., the inter-RAT process would be mainly triggered for power saving or better coverage. Then we can consider that the inter-RAT cell reselection priority/threshold parameters, e.g., the priority, trigger timing, the size of neighbor RAT/cells and the time interval for evaluation etc. can be differentiated according to UE’s coverage conditions. If the UE is already with good coverage in NB-IoT, it may be not so necessary for the UE to reselect to other RAT(s). Then the parameters could be configured in order that the device is difficult to trigger inter-RAT cell-reselection. Otherwise, it’s better to trigger UE to cell reselect to other RAT, e.g, GERAN as soon as possible.
For the UE supporting NB-IoT + GERAN modes, the example principle of setting the inter-RAT cell reselection parameters according to UE’s coverage conditions can be as follows:
	
	Parameter set for CEL 0
	Parameter set for CEL 1
	Parameter set for CEL2

	priority
	priority of the GERAN frequencies are lower than the priority of the current E-UTRAN frequency
	priority of the GERAN frequencies are same as the priority of the current E-UTRAN frequency
	priority of the GERAN frequencies are higher than the priority of the current E-UTRAN frequency

	ThreshX, HighP
	N/A
	N/A
	ThreshX, HighP would be relative low for easy to let neighbor cell quality higher than the threshold

	TreselectionRAT
	relative long
	relative long or middle
	relative short

	ThreshServing, LowP
	ThreshServing, LowP would be relative low for not easy to let serving cell quality lower than the threshold
	ThreshServing, LowP would be relative middld or high
	N/A 

	ThreshX, LowP
	ThreshX, LowP would be relative high for not easy to let neighbor cell quality higher than the threshold
	N/A or ThreshX, LowP would be relative middle or low
	N/A


Proposal 3: It’s suggested to provide separate inter-RAT cell selection/reselection parameter sets according to enhanced coverage levels in the inter-RAT information SIB.
3.1.4 Multi-mode inter-RAT cell selection/reselection
For multi-mode inter-RAT cell selection, UE may need to evaluate the selectivity of three RATs (NB/GSM/eMTC) simultaneously. The principles for inter-RAT measurement and cell reselection parameter configuration for dual-mode devices can be leveraged for multi-modes devices.
3.2 Inter-RAT cell reselection without Inter-RAT measurements
3.2.1 Historical information based inter-RAT cell reselection 
Inter-RAT measurements is important for inter-RAT cell selection. But inter-RAT measurements is also a process with high-power consumption. Configuration for measurements would also cause signaling overhead. Inter-RAT cell selection without inter-RAT measurements can be considered, e.g, based on historical information. 
With historical information-based inter-RAT cell reselection, the UE would not perform measurement if the quality of serving cell has been lower than the threshold. The UE would select the best RAT and frequency based on the stored historical information. 
According to the previous analysis, the dual-mode or multi-mode device generally can be assumed with middle or high mobility. But they may be very different about sensitivity to the power consumption. Some devices may have high requirement on the power saving, e.g, smart tracker in some industrial scenarios. For these devices, if they have regular route, or predictable path or with very small range of mobility, the historical information about how many and what are the other RAT neighbor frequencies/cells would be stable and using the historical information to replace inter-RAT measurement would be feasible. If the devices are very less sensitive to power consumption, applying inter-RAT measurement would be beneficial to high accurate inter-RAT cell selection/reselection.
Furthermore, another scenario for using the historical information would be when the UE is already in other RAT but wants to back to NB-IoT. As there may have no NB-IoT neighbor cell information in other RAT, the UE can rely on the historical information about NB-IoT.
The another use case for using historical information would be that the inter-RAT measurement performance requirements for NB-IoT haven’t been fully specified in RAN4.
For inter-RAT cell selection/reselection without other RAT measurements, the device could store several frequencies and cells which have been accessed in the past period of time. That is, several good RATs, carrier frequencies or cells (based on their latest radio quality) should be stored. Some other criteria can also be considered, e.g., the access/paging success rate to a cell in a certain frequency/RAT, service performance. After the serving cell quality is lower than certain threshold (hard-coded or configured), the UE could try to access the frequency/RAT with the highest priority(e.g., with the best radio quality) among all the stored information.
For the device enters the process in which the inter-RAT cell selection/reselection without measurements is performed, there needs a mechanism to stop the device from the continuous inter-RAT cell selection/reselection only based on the historical information. A timer is generally used. If the UE still cannot access a suitable inter-RAT cell when the timer expires, the UE would stop inter-RAT cell selection/reselection. 
Proposal 4: It’s suggested for NB-IoT to support inter-RAT cell selection/reselection without measurements.
Proposal 4a: It’s suggested for NB-IoT to support historical information based inter-RAT cell selection/reselection.
Proposal 5: It’s suggested to introduce a timer to avoid continuous and inefficient historical information based inter-RAT cell selection/reselection.
3.2.2 Service triggered inter-RAT cell reselection
It’s feasible to support voice for NB-IoT/GSM dual-mode device. A simple way to support voice is that the terminal simultaneously camps on the 2G network and the NB-IoT network. Based on UE implementation, the UE can directly initiates the MO on the 2G network when needed, or listens to the MT on the 2G network.
However, considering the power saving requirements of the IoT UEs, dual mode dual standby is not a suitable way. One option is that the voice centric UEs can camp on 2G network by default, which may already be supported by the core network specifications. The other option is letting UE camp on NB-IoT network and CS fallback is allowed. According to the Table 10.2.5-1: CS fallback options in TS 36.300, we think only the “RRC Connection Release with Redirection without Sys Info” or “RRC Connection Release with Redirection with Sys Info” procedures would be considered for CS fallback in NB-IoT device. For reference, the following is the CS fallback to GERAN without PS HO procedure copied from TS 23.272


Figure 6.3-1: CS Call Request in E-UTRAN, Call in GERAN/UTRAN without PS HO(copied from TS 23.272)
In this procedure, The network performs one of steps 3a or 3b or 3c. If the UE and network support inter-RAT cell change order to GERAN and the target cell is GERAN, the 3a would be performed. But we think the 3b or 3c with RRC release message may be simpler and preferred. In step 3b or step 3c, the eNodeB can trigger RRC connection release with redirection to GERAN and include the redirection control information into the RRC Connection Release message based on the PLMN ID for CS domain and the RAT/frequency priority configured in the eNodeB, so that the UE registered PLMN for CS domain can be preferably selected. For 3c, The eNodeB can further include one or more physical cell identities and their associated System Information.
Proposal 6: It’s suggested that RAN2 discuss whether or not CS fallback to GERAN should be supported for voice service for NB-IoT/GSM dual-mode device.
As mentioned in section 2.2, for the NB-IoT/eMTC dual-mode or multi-mode devices, when the UE has the service with high data rate, it’s better for the UE to search and re-select to other RAT without measurement, e.g, 4G eMTC/LTE network. Furthermore, if VoLTE would also be supported by the LTE/eMTC, direct reselecting to LTE/eMTC network without considering inter-RAT priority to trigger voice service would be considered. 
[bookmark: OLE_LINK41]3.2.3 Fallback to NB-IoT from other RAT
As mentioned in section 3.2.1, when the UE is already in other RAT, e.g., in GERAN, but wants to back to NB-IoT, as there may have no NB-IoT RAT/cell information in other RAT, the UE can rely on the historical information about NB-IoT. That is, the historical information based inter-RAT cell reselection can be used in this scenario.
Another scenario is that the UE is already in eMTC/LTE network but wants to back to NB-IoT. In this case, it can be considered to let the eMTC/LTE network broadcast a carrier list of NB-IoT. This may be not so complicated to specify but need discussion in eMTC WID and modification in eMTC specifications.

4 Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we make the following observations and proposals:
Observation 1: The inter-RAT process for dual-mode or multi-mode UEs should be applied for meeting the requirements of good coverage, special service requirements.

Proposal 1: It’s suggested to introduce a new SIB message for broadcasting inter-RAT information in NB-IoT cell.
Proposal 2: It’s suggested to provide separate inter-RAT measurement parameter sets according to UE’s power sensitivity in the inter-RAT information SIB.
Proposal 3: It’s suggested to provide separate inter-RAT cell selection/reselection parameter sets according to enhanced coverage levels in the inter-RAT information SIB.
Proposal 4: It’s suggested for NB-IoT to support inter-RAT cell selection/reselection without measurements.
Proposal 4a: It’s suggested for NB-IoT to support historical information based inter-RAT cell selection/reselection.
Proposal 5: It’s suggested to introduce a timer to avoid continuous and inefficient historical information based inter-RAT cell selection/reselection.
Proposal 6: It’s suggested that RAN2 discuss whether or not CS fallback to GERAN should be supported for voice service for NB-IoT/GSM dual-mode device.
[bookmark: _GoBack]
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M ode of chipset  Use cases  M obility  Power  sensitivity  C overage  

NB - IoT   only  m eters   for water/gas  electricity   etc.   L ow  H igh(e.g., UE’s  battery is not  rechargeable/replaceable )  Indoor d eep  coverage  

NB - IoT +GSM    (w/o   voice )  wearables   devices, e.g.,  smart trackers;  IoT security  and inductrial applications  H igh  H igh (e.g., UE’s  battery is not  easy to be  recharge d /replace d )  O utdoor   or indoor  d eep coverage  

NB - IoT +GSM  (w ith voice )  wearables   devices, e.g.,  smart watch  H igh  M iddle(UE’s  battery is  replaceabl e )  O utdoor  

NB - IoT +eMTC/LTE  wearables  devices, e.g.,  medical equipments (middle  or large volume data)  H igh  Middle or  L ow(e.g., UE’s  battery is  rechargeable/replaceabl e )  O utdoor  

