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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][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]


In RAN2#103bis meeting, the following agreements are achieved:
	RAN2 understands that cell reselection between NB-IoT and any other RAT is not within the scope of this WI
NB-IoT network may indicate eMTC/LTE/GERAN assistance information for inter-RAT cell selection
eMTC/LTE network may indicate NB-IoT assistance information for inter-RAT cell selection
Intention is not to provide cell reselection parameters 
It is up to UE implementation how and when to perform measurements for cell selection of the target RAT


[bookmark: OLE_LINK9]Based on the agreements, RAN2 would not specify cell reselection between NB-IoT and other RATs. In this contribution, we provide our considerations for the terminology of inter-RAT cell selection for NB-IoT and further analysis what kind of assistance parameters are needed.
2 [bookmark: OLE_LINK14][bookmark: OLE_LINK3]Discussion
2.1 Intention for inter-RAT cell selection
In [2], the following possible use cases for using dual-mode or multi-mode chipsets have been listed:
	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


Based on the objectives of the WID and above information about modes combination, the intention of inter-RAT cell selection should be firstly considered. Per our understanding, the main intention would be finding 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 there may have a better alternative RAT. 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 purpose, but when the UE has the service with high data rate, it’s better for the UE to search and 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 select to the 2G/4G network which can support voice services. 
In[6], it mentions similar intention. They think it is possible for smart phones and other voice centric devices to also support NB-IoT to provide services like messaging, low data rate applications etc. These devices may select or reselect to NB-IoT when there is no suitable coverage is available from voice capable & high data rate supported RATs. And when smartphones or other voice service-based devices camp on NB-IoT, they should try to find high priority voice service/high data rate supported RATs as soon as possible. 
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.
2.2 [bookmark: OLE_LINK54]Understanding for idle mode inter-RAT cell selection for NB-IoT
In legacy LTE, the procedure for idle mode cell selection would include the following stages[10]:
PLMN selection: The UE shall scan all RF channels in the E-UTRA bands according to its capabilities to find available PLMNs. On each carrier, the UE shall search for the strongest cell and read its system information, in order to find out which PLMN(s) the cell belongs to. If the UE can read one or several PLMN identities in the strongest cell, each found PLMN shall be reported to the NAS as a high quality PLMN (but without the RSRP value). For an NB-IoT cell, the measured RSRP value shall be greater than or equal to -110 dBm. The search for PLMNs may be stopped on request of the NAS. The UE may optimize PLMN search by using stored information e.g. carrier frequencies and optionally also information on cell parameters from previously received measurement control information elements.
Cell selection on the selected PLMN: Once the UE has selected a PLMN, the cell selection procedure shall be performed in order to select a suitable cell of that PLMN to camp on. The NAS can control the RAT(s) in which the cell selection should be performed, for instance by indicating RAT(s) associated with the selected PLMN, and by maintaining a list of forbidden registration area(s) and a list of equivalent PLMNs. The UE shall select a suitable cell based on idle mode measurements and cell selection criteria. UE shall perform measurements for cell selection and reselection purposes. The UE shall use one of the following two cell selection procedures: Initial Cell Selection and Stored Information Cell Selection. For Initial Cell Selection, the UE shall scan all RF channels in the E-UTRA bands according to its capabilities to find a suitable cell. On each carrier frequency, the UE need only search for the strongest cell. Once a suitable cell is found this cell shall be selected. For Stored Information Cell Selection, stored information of carrier frequencies and optionally also information on cell parameters, from previously received measurement control information elements or from previously detected cells, would be required. Once the UE has found a suitable cell the UE shall select it. If no suitable cell is found the Initial Cell Selection procedure shall be started.
For NB-IoT, the cell selection criterion S is fulfilled when:
	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – Qrxlevmin – Pcompensation - Qoffsettemp
Squal = Qqualmeas – Qqualmin - Qoffsettemp


NAS registration and PLMN reselection: The UE searches for a suitable cell of the selected PLMN and chooses that cell to provide available services, further the UE shall tune to its control channel. The UE shall, if necessary, then register its presence, by means of a NAS registration procedure, in the tracking area of the chosen cell and as outcome of a successful Location Registration the selected PLMN becomes the registered PLMN. If necessary, the UE shall search for higher priority PLMNs at regular time intervals and search for a suitable cell if another PLMN has been selected by NAS. The NAS can control the RAT(s) in which the cell selection should be performed, for instance by indicating RAT(s) associated with the selected PLMN, and by maintaining a list of forbidden registration area(s) and a list of equivalent PLMNs. NAS may indicate whether the use of coverage enhancements is not authorized for the selected PLMN.
In [7], it gives a summary for the above description, e.g., the current inter RAT idle mode mobility to/from NB-IoT is performed via cell selection and is controlled by NAS. It can be triggered e.g. due to loss of coverage in the current radio access technology, higher priority PLMN search or higher priority RAT search. In [8], it mentions cell selection is the process where the UE attempts to establish a connection to the network. There are several reasons when a UE attempts to select a cell, e.g., power on, leaving RRC_CONNECTED or returning from out of coverage. In [4], it also mentions such procedure that UE enters any cell selection state after losing connection with NB-IOT cell, and then selects a GREAN cell if a suitable one is available, or the other way around. They think although the switching may be based on information provided by NB-IOT cell, it is still considered as cell selection, that is, UE performs detach/attach procedure instead of routing area update (RAU) procedure. However, in[2], [4], and [6], some companies have different understanding that when it comes to UE behavior in inter-RAT scenario, we usually consider cell reselection, i.e., UE first camps on a cell in one RAT and then switches to another cell in another RAT.
Based on the above references, and with consideration that a NB-IoT does not support camping on an acceptable cell, we can have common understanding for the terminology for inter-RAT cell selection like this: As soon as the NB-IoT does not find a suitable cell, an inter-RAT cell selection needs to be performed. In other words, the suitable cell or the acceptable cell may be provided by another RAT.
Furthermore, as mentioned in [7], in absence of information about other RAT(s) in the neighborhood, the UE has to perform a RF scan to find out. This is a costly procedure, and can have severe impact on the battery life if performed regularly. Given the requirements on power consumption, most companies think it may be possible to optimize the cell selection procedure for NB-IoT devices. In legacy LTE, priorities among different frequencies or RATs provided to the UE by system information or dedicated signaling are not used in the cell selection process, more companies think this can be improved in NB-IoT, e.g., broadcasting assistant parameters for inter-RAT cell selection would be useful. 
Observation 2: We can have common understanding for the terminology for inter-RAT cell selection like this: As soon as the NB-IoT does not find a suitable cell, an inter-RAT cell selection with assistance parameters needs to be performed.

2.3 Assistance parameters for idle mode inter-RAT cell selection in NB-IoT
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 about GERAN frequencies and also SIB(s) including eMTC frequency information.
The other way is to introduce a new integrated SIB for containing all possible inter-RAT information. In this integrated SIB, priority and radio quality threshold of serving frequency/cell and neighbor frequency/cell, a list for indicating 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 selection 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 cell selection information in NB-IoT.
Priorities based inter-RAT cell reselection is supported by legacy LTE system but not supported by NB-IoT. The start point for discussing the content of assistance parameters for idle mode inter-RAT cell selection NB-IoT should be considering this mechanism. 
In[6], besides the “priority based” mechanism, it gives another option of using only “Rank based” Inter RAT Idle Cell Reselection from NB-IoT to other RAT (independent of priority assigned for various RATs & Frequencies). For ranking scheme, firstly, QC think it can avoid NB-IoT mode from performing frequent/periodic high priority RAT measurements and save NB-IoT UE power but we think it’s not always the case. If NB-IoT has lower priority, the UE would periodically perform measurement and cause more power consumption than that in priority-based measurement. In another word, it’s only suitable for the case that NB-IoT always has higher priority. But we don’t think it’s the only use cases in the deployment. For example, in a smartphone, NB-IoT generally has lower priority. Secondly, the issue mentioned in [3] would exist, e.g., in ranking sachem, the RSRP values measured on different RATs (with different bandwidth) would be compared directly and some compensation mechanisms for comparing RSRP measured on RATs with different bandwidths may be needed. Whether this can be done may need more evaluation, e.g., from RAN4. But this issue would not exist in priority-based scheme, in that scheme, the RSRP values measured on different RATs would be compared with its own threshold for this RAT. So we think “priority based” mechanism and “rank based” mechanism can be merged into one priority based scheme, and two sets parameters with different NB-IoT priorities could be considered. For the case that NB-IoT has higher priority, the priority or radio quality threshold setting for other RATs may be simplified, that can be seen a “rank based” -kind mechanism.
In[6], it also mentions the priority between NB-IoT and other RATs can be indicated based on the operation mode of the serving frequency. For example, if operation mode of the serving frequency is in-band or guardband, the LTE/eMTC RAT frequency cells would have higher priority than NB-IoT. However, we have some different understanding. For example, even in the in-band or guardband scenarios, GSM may not always have lower priority as GSM generally has broader coverage. In a word, we think such implicit priority indication may not always match with the real status in deployment. Then it may be better to explicitly configure priority information. 
In [5], it mentions the deployment scenario status, at least in the coming few years would change repeatedly. Inter-RAT deployment status may repeatedly change. So they suggest that NB-IoT Inter-RAT cell selection assistance information includes deployment status change. We agree the background analysis, but we think such deployment status change would be a very slow procedure and it can also be reflected with priority information. 
Based on the above analysis, we think priority based inter-RAT cell selection would be more suitable in many use cases. We will focus on the priority based inter-RAT measurement and cell selection in the following sections. 
Proposal 2: It’s suggested to introduce priorities based inter-RAT measurement and cell selection in NB-IoT.
2.3.1 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.
We think such priority for serving and other RATs and radio quality threshold for serving cell can be re-used as baseline assistance parameters for inter-RAT cell selection in NB-IoT.
In [3], it mentions for IoT, the configuration of priority may be more complicated. For example, for a MTC/NB-IoT dual-mode UE, it’s not clear which RAT will be more preferred by the UE since MTC offers higher data rate at the cost of power consumption, while NB-IOT is power efficient but only supports small data. We agree the observation and think such complication may come from the different power sensitivity for different devices. Then only one set inter-RAT priority configuration for all the NB-IoT UEs may be not suitable.
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 3: It’s suggested to provide separate inter-RAT cell-selection parameter sets(e.g., including priority for serving and other RATs and radio quality threshold for serving cell) according to UE’s power sensitivity in the inter-RAT information SIB.
In current LTE specification, there have the following additional parameters for inter-frequency and inter-RAT cell reselection:
· 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.
If we find the parameters in proposal 3 are not enough for better inter-RAT cell selection performance, the above additional parameters can be discussed. Considering that the inter-RAT process would be mainly triggered by the purpose of power saving or better coverage. We think the additional inter-RAT cell selection priority/threshold parameters can be differentiated according to UE’s coverage conditions. For example, if the UE is already with good coverage in NB-IoT, it may be not so necessary for the UE to select to other RAT(s). Then the parameters could be configured in order that the device is difficult to trigger inter-RAT cell selection. Otherwise, it’s better to trigger UE to cell select to other RAT, e.g, GERAN as soon as possible. 
2.4 Trigger for inter-RAT cell selection
2.4.1 Assistance parameters based inter-RAT cell selection
If network broadcast the inter-RAT measurement and cell selection parameters, e.g, the parameters proposed in section 2.3, the UE would follow the indication of these parameters and perform measurement and inter-RAT cell selection.
2.4.2 Historical information based inter-RAT cell selection 
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 selection, 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.
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 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 without measurements is performed, there needs a mechanism to stop the device from the continuous inter-RAT cell selection 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. 
Proposal 4: It’s suggested for NB-IoT to support inter-RAT cell selection without measurements.
Proposal 4a: It’s suggested for NB-IoT to support historical information based inter-RAT cell selection.
Proposal 5: It’s suggested to introduce a timer to avoid continuous and inefficient historical information based inter-RAT cell selection.
[bookmark: _GoBack]2.4.3 Service triggered inter-RAT cell selection
For UL higher rate data service, in [4], it propose a novel method of inter-RAT cell selection upon RRC state transition, which allows the UE to camp on a power-efficient RAT while receiving data service in another RAT with higher data rate. It mentions in idle mode, the UE may generally prefer to camp on NB-IOT for its low power consumption. And the cell selection to eMTC can be triggered when UE is awaken by human user, which implies upcoming application is likely to require larger bandwidth. We have the similar thinking that inter-RAT cell selection could be directly triggered by the service.
As mentioned in section 2.1, 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 select to other RAT without measurement, e.g, 4G eMTC/LTE network. Furthermore, if VoLTE would also be supported by the LTE/eMTC, direct selecting to LTE/eMTC network without considering inter-RAT priority to trigger voice service would be considered.
Proposal 6: The inter-RAT cell selection could be directly triggered by the UL service.
In [4], it also mentions another scheme that when DL traffic comes, indication in paging message can also trigger such cell selection. For this scheme, we observe some issues. Firstly, if the UE performs cell selection to other RAT, e.g., eMTC as soon as it receives the indication in paging, there exists the risk that the NB-IoT network cannot receives the paging response and also cannot exactly differentiate between the case UE has tuned to other RAT and the case of paging failure. NB-IoT network may keep retransmitting the paging. Other possible options may be to use MT-EDT (which is under the R16 discussion) to directly transmit the DL data (if DL data is not so big), or to performexplicit DL redirection after receiving paging response which can make common understanding between UE and eNB that the UE should cell select to other RAT and no paging would be retransmitted in NB-IoT.
Proposal 7: It’s FFS whether inter-RAT cell selection could be directly triggered by the DL service.
2.4.4 Event triggered inter-RAT cell selection
[bookmark: OLE_LINK41]Even there has no broadcasted assistance parameters, UE camping on NB-IOT may select to other RAT when the NB-IOT cell is below threshold or UE is out of coverage of NB-IoT. This can be seen as extreme condition triggered inter-RAT cell selection.
2.4.5 Fallback to NB-IoT from other RAT
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 selection mentioned in section 2.4.2 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. For this case, RAN2 already agree that eMTC/LTE network may indicate NB-IoT assistance information for inter-RAT cell selection. We think at least eMTC/LTE network can broadcast a carrier list of NB-IoT. 

3 Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]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.
Observation 2: We can have common understanding for the terminology for inter-RAT cell selection like this: As soon as the NB-IoT does not find a suitable cell, an inter-RAT cell selection with assistance parameters needs to be performed.

Proposal 1: It’s suggested to introduce a new SIB message for broadcasting inter-RAT cell selection information in NB-IoT.
Proposal 2: It’s suggested to introduce priorities based inter-RAT measurement and cell selection in NB-IoT.
Proposal 3: It’s suggested to provide separate inter-RAT cell-selection parameter sets(e.g., including priority for serving and other RATs and radio quality threshold for serving cell) according to UE’s power sensitivity in the inter-RAT information SIB.
Proposal 4: It’s suggested for NB-IoT to support inter-RAT cell selection without measurements.
Proposal 4a: It’s suggested for NB-IoT to support historical information based inter-RAT cell selection.
Proposal 5: It’s suggested to introduce a timer to avoid continuous and inefficient historical information based inter-RAT cell selection.
Proposal 6: The inter-RAT cell selection could be directly triggered by the UL service.
Proposal 7: It’s FFS whether inter-RAT cell selection could be directly triggered by the DL service.
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o   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]  

In  RAN2#103 bis   meeting, the following agreements are achieved:  

   RAN2 understands that cell reselection betwe en NB - IoT and any other RAT is not within the scope of this WI      NB - IoT network may indicate eMTC/LTE/GERAN assistance information for inter - RAT cell selection      eMTC/LTE network may indicate NB - IoT assistance information for inter - RAT cell selection      Intention   is not to provide cell reselection parameters       It is up to UE implementation how and when to perform measurements for cell selection of the target RAT  

Based on the agreements, RAN2 would not specify  cell reselection between NB - IoT and   other RAT s. I n  this contribution,  we  provide our considerations for the  terminology   of inter - RAT cell selection  for NB - IoT  and   further analysis  what  kind of  assistance  parameters are needed .   2   Discussion   2.1   Intention for inter - RAT cell selection   In [2], the following possible  use cases for using dual - mode or multi - mode chipsets   have been listed :  

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 deep  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 recharged/replaced )  O utdoor   or indoor  deep coverage  

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

