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1. Introduction 
One of the objective of WI RP-181451 (R16 enhancements for NB-IoT) is given below.

Mobility enhancement:

· 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 this document, we will discuss various high-level procedures regarding how to perform Idle Cell Reselection from NB-IoT to LTE, eMTC to optimize UE power, idle cell reselection procedures and based on various UE service requirements.
2. Discussion 
NB-IoT to LTE/eMTC Idle Cell Reselection: 
NB-IoT supports both Intra-frequency and Inter-frequency Idle cell reselection mechanism based on “ranking criteria” but Inter Frequency priority-based cell reselection is not supported. Until R15, NB-IoT does not have any support for Inter RAT Idle cell reselection procedure. In this section, we will discuss various enhancements required for NB-IoT system to support Inter RAT Idle cell reselection from NB-IoT to LTE/eMTC RATs. For the purpose of this paper, NB-IoT is considered as a different RAT from LTE/eMTC.
The primary use case of NB-IoT is for IoT devices with characteristics of low power, low complexity, low data rates, low cost, small bandwidth of 1 PRB, deep coverage support upto ~164 dB link budget, massive number of devices and limited or no mobility etc. NB-IoT does not have any voice service support.
Typical smartphones or other voice centric UEs provides voice & multimedia services, data services and text message services by using LTE, eMTC, UMTS, GERAN, CDMA2000 RATs. However, it is possible for these 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 (which supports extended coverage than other RATs) when there is no suitable coverage is available from voice capable & high data rate supported RATs. When smartphones or other voice service-based devices camp on NB-IoT (no voice service, very low data rate support), they should try to find high priority voice service/high data rate supported RATs as soon as possible and these devices are not power limited compared to very low power IoT devices. 
Design of Inter-RAT Frequency measurements and Inter-RAT idle cell reselection procedures from NB-IoT to other RATs (LTE/eMTC/GERAN) need to consider both low power IoT devices and smart phones/other voice service device into consideration. 

Observation 1. NB-IoT is primarily meant for low power IoT devices and it can also be supported by smart phones/other voice service-oriented devices to provide minimum services like messaging, low data rate applications when other high priority RATs (LTE/eMTC/GERAN) coverage is not available.
Observation 2. RAN2 should take both IoT and Smartphone/other voice centric devices into consideration while designing IRAT Measurement rules and Idle Cell Reselection methods from NB-IoT to LTE/eMTC/GERAN RATs.
In order to support Inter-RAT frequency measurements and IRAT Idle cell reselection from NB-IoT to LTE/eMTC, we need to consider following two options.

Option 1:  Use only “Rank based” Inter RAT Idle Cell Reselection from NB-IoT to LTE/eMTC (independent of priority assigned for various RATs & Frequencies)
Option 2:  RAT priority based Inter RAT frequency measurements and IRAT Idle cell reselection from NB-IoT to LTE/eMTC. 
Option 1:  Use only “Rank based” Inter RAT Idle Cell Reselection from NB-IoT to LTE/eMTC (independent of priority assigned for various Inter RATs & Frequencies)

In this method, independent of any RAT priorities, NB-IoT UE performs other RAT measurements only when serving NB-IoT cell is below a configured threshold value and inter RAT idle cell reselection mechanism is based on Rank based criteria. The main goal is to avoid NB-IoT device from performing frequent/periodic high priority RAT measurements and save NB-IoT UE power. Inter RAT Frequencies & IRAT Idle Cell Reselection parameters are provided to NB-IoT in NB SIBs of NB-IoT serving cell.
NB-IOT will offer three deployment scenarios; these are, Guard Band, In Band and Stand Alone. Standalone deployment is mainly utilizing new bandwidth of 200KHz (GERAN & NB-IoT is widely deployed in standalone bands). Guard band deployment is done using the bandwidth reserved in the guard band of the existing LTE network, In Band on the other hand makes use of the same resource block in the LTE carrier of the existing LTE network.
When a NB-IoT cell broadcast both LTE/eMTC and GERAN neighbour cells. In this case UE can make use the NB-IoT deployment mode to prioritise measurement on LTE/eMTC cells or GERAN cells. That’s because:
· If NB-IoT deployment mode is Standalone, then NB-IoT shares spectrum with GERAN hence it is more likely UE can find GERAN cell instead of LTE cell (e.g. rural areas).
· If NB-IoT deployment mode is Inband or guard-band then NB-IoT shares spectrum with LTE hence it is more likely UE will find LTE/eMTC cell instead of GERAN cell.
For Rank based option, following IRAT Frequency Measurement Rules can be applied:
· Sservingcell_NB-IoT is Srxlev (i.e NB-IoT RSRP)

· If Snonintrasearch_NB-IoT is sent in the serving NB-IoT cell and SServingCell_NB-IoT > Snonintrasearch_NB-IoT then NB-IoT UE may choose not to perform measurements of inter-RAT frequency cells.
· If SServingCell_NB-IoT <= Snonintrasearch_NB-IoT or Snonintrasearch_NB-IoT is not sent in the NB-IoT serving cell the UE is required to perform measurements of inter-RAT frequency cells 
· For Serving NB-IoT Cell, if   Srxlev < 0 & Squal < 0 then also UE has to Initiate Measurements independent of Measurement Rules
· If the UE supports relaxed monitoring and s-SearchDeltaP is present in SystemInformationBlockType3-NB, the UE may further limit the needed measurements, as specified in sub-clause 5.2.4.12 of TS 36.304
How to perform Rank based IRAT Cell Reselection to other RATs is shown below:
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Proposal 1. specify Inter RAT Idle cell reselection from NB-IoT to other RATs (LTE, eMTC) based on Ranking criteria (as Option 1 method)

Proposal 2. Inter RAT Frequencies & IRAT Idle Cell Reselection parameters are provided to NB-IoT UE in NB SIBs of NB-IoT serving cell.

Proposal 3. when a NB-IoT cell broadcast LTE/eMTC & GERAN neighbour cells then in this case UE shall use the NB-IoT deployment mode (Inband, guardband, standalone) to prioritize measurements on LTE/eMTC cells or GERAN cells
· In case of Inband & guardband NB-IoT deployment mode, LTE/eMTC IRAT frequency measurements are high priority than NB-IoT measurements

· In case of standalone NB-IoT deployment mode, GERAN frequency measurements are high priority than LTE/eMTC measurements

Proposal 4. When UE is in NB-IoT Inband or guardband deployment mode, If SservingCell_NB-IoT (Srxlev) is below Snonintrasearch_NB-IoT or if Snonintrasearch_NB-IoT is not configured then the UE is required to perform periodic measurements of high priority LTE/eMTC RAT frequency cells (i.e GERAN is low priority RAT than LTE/eMTC RAT in Inband, guardband mode)
Proposal 5. When UE is in NB-IoT standalone deployment mode, If SservingCell_NB-IoT (Srxlev) is below Snonintrasearch_NB-IoT or if Snonintrasearch_NB-IoT is not configured then the UE is required to perform periodic measurements of high priority GERAN frequency cells (i.e GERAN is high priority RAT than LTE/eMTC RAT in standalone mode)
Proposal 6. For Serving NB-IoT Cell, if   Srxlev < 0 and Squal < 0 then UE has to Initiate IRAT Measurements (based on NB-IoT deployment mode) independent of Measurement Rules
Proposal 7. For rank based IRAT frequency measurement rules, relaxed NB-IoT UE monitoring procedures are applicable (as specified in TS 36.304, section 5.2.4.12) for IRAT frequency measurements as well.

Option 2:  RAT priority based Inter RAT frequency measurements and IRAT Idle cell reselection from NB-IoT to LTE/eMTC.
In this method, RAT priority specified for each RAT is taken into consideration when NB-IoT UE performs Inter RAT Frequency measurements and while performing Idle Cell Reselection from NB-IoT to other RATs. LTE/eMTC are higher priority RATs than NB-IoT. When UE is camped on low priority NB-IoT, UE performs high priority RAT measurements periodically (as per R14 specified relaxed measurement rules) to find service from high priority RATs.
One of key reason to consider Option 2 is for Smart Phones/Voice centric UEs, which may use NB-IoT when in deep indoor coverage if no other coverage is available (at least to get messaging services, low data rate application services etc.)  Note: CE Mode B, NB-IoT has no support for Voice Service.
Observation 3. For Smart Phones (Voice centric UEs), which may use NB-IoT when in deep indoor coverage if no other coverage is available (at least to get messaging services etc.) and these UEs are not power limited when compared to low power IoT devices

These kinds of devices have to move to high priority LTE/eMTC RAT service as soon as possible and power is not a major concern when compared to IoT devices.
· For option 2 purpose, we need to define IRAT Frequency priority in NB-IoT SIBs. 
· These Multi mode NB-IoT UEs supporting Option2 solution are allowed to search for high priority LTE RAT frequencies periodically.
· Specify priority for NB-IoT, LTE, eMTC RATs in NB SIBs
· In NB SIBs indicate whether LTE/eMTC frequency supports CE Mode A (Voice is supported in CE Mode A) operation or not. This helps NB-IoT UE to prioritize Inter RAT Idle cell reselection towards CE Mode supported carriers over Non CE mode carriers.

· There is no need of relaxed measurements requirements for Option 2 solution.
· For NB-IoT to LTE/eMTC/CE Mode Inter RAT idle cell reselection mechanism, Inter RAT Measurement rules when camped on NB-IoT RAT is same as existing LTE Inter RAT measurement rules (specified in TS 36.304, Section 5.2.4.2)

· For NB-IoT to LTE/eMTC/CE Mode Inter RAT idle cell reselection mechanism, Inter RAT idle cell reselection procedures are same as existing LTE Inter RAT idle cell reselection rules (specified in TS 36.304, Section 5.2.4.5)
· When NB SIBs provide Idle Cell Reselection thresholds for Option 2 based IRAT Idle Cell Reselection (Ex: for smart phone applications) and Option 1 based IRAT Idle cell Reselection based thresholds (Ex: for IoT devices), it is upto UE Implementation to select which Idle Cell Reselection method to use.
Proposal 8. RAN2 agrees to support LTE/eMTC as high priority RATs than NB-IoT in NB SIBs (i.e NB-IoT is fixed and is lower priority than LTE/eMTC) 
Proposal 9. RAN2 agrees that multimode NB-IoT UEs are allowed to search for high priority inter RAT frequencies periodically (Example: High priority LTE/eMTC RAT) 

Proposal 10. RAN2 agrees that LTE defined high priority RAT Priority based Inter RAT Freq Measurement Rules are applicable when multimode UE is camped on low priority NB-IoT 
Proposal 11. For RAT priority based IRAT frequency measurement rules, relaxed monitoring procedures are  applicable (as specified in TS 36.304, section 5.2.4.12) for IRAT frequency measurements.

Proposal 12. RAN2 agrees that NB-IoT adopts RAT priority based Inter RAT Idle Cell Reselection procedures defined for LTE UEs. (Option 2 method)

Proposal 13. NB SIBs will be enhanced to specify whether LTE/eMTC neighbour RAT carrier frequency support for CE Mode A to assist NB-IoT UEs for performing RAT priority-based measurements and idle cell reselection procedures
Proposal 14. Based on service type offered by multimode UEs, NB-IoT capable UEs can either use “ranking based” or “RAT priority based” IRAT Idle Cell Reselection procedure as choice of UE Implementation.
3. Conclusion 
In this contribution, we discussed various proposals about Inter RAT idle cell reselection from NB-IoT to LTE/eMTC RATs. 
Observation 1.
NB-IoT is primarily meant for low power IoT devices and it can also be supported by smart phones/other voice service-oriented devices to provide minimum services like messaging, low data rate applications when other high priority RATs (LTE/eMTC/GERAN) coverage is not available.
Observation 2.
RAN2 should take both IoT and Smartphone/other voice centric devices into consideration while designing IRAT Measurement rules and Idle Cell Reselection methods from NB-IoT to LTE/eMTC/GERAN RATs.
Observation 3.
For Smart Phones (Voice centric UEs), which may use NB-IoT when in deep indoor coverage if no other coverage is available (at least to get messaging services etc.) and these UEs are not power limited when compared to low power IoT devices


Proposal 1.
specify Inter RAT Idle cell reselection from NB-IoT to other RATs (LTE, eMTC) based on Ranking criteria (as Option 1 method)
Proposal 2.
Inter RAT Frequencies & IRAT Idle Cell Reselection parameters are provided to NB-IoT UE in NB SIBs of NB-IoT serving cell.
Proposal 3.
when a NB-IoT cell broadcast LTE/eMTC & GERAN neighbour cells then in this case UE shall use the NB-IoT deployment mode (Inband, guardband, standalone) to prioritize measurements on LTE/eMTC cells or GERAN cells

In case of Inband & guardband NB-IoT deployment mode, LTE/eMTC IRAT frequency measurements are high priority than NB-IoT measurements

In case of standalone NB-IoT deployment mode, GERAN frequency measurements are high priority than LTE/eMTC measurements
Proposal 4.
When UE is in NB-IoT Inband or guardband deployment mode, If SservingCell_NB-IoT (Srxlev) is below Snonintrasearch_NB-IoT or if Snonintrasearch_NB-IoT is not configured then the UE is required to perform periodic measurements of high priority LTE/eMTC RAT frequency cells (i.e GERAN is low priority RAT than LTE/eMTC RAT in Inband, guardband mode)
Proposal 5.
When UE is in NB-IoT standalone deployment mode, If SservingCell_NB-IoT (Srxlev) is below Snonintrasearch_NB-IoT or if Snonintrasearch_NB-IoT is not configured then the UE is required to perform periodic measurements of high priority GERAN frequency cells (i.e GERAN is high priority RAT than LTE/eMTC RAT in standalone mode)
Proposal 6.
For Serving NB-IoT Cell, if   Srxlev < 0 and Squal < 0 then UE has to Initiate IRAT Measurements (based on NB-IoT deployment mode) independent of Measurement Rules
Proposal 7.
For rank based IRAT frequency measurement rules, relaxed NB-IoT UE monitoring procedures are applicable (as specified in TS 36.304, section 5.2.4.12) for IRAT frequency measurements as well.
Proposal 8.
RAN2 agrees to support LTE/eMTC as high priority RATs than NB-IoT in NB SIBs (i.e NB-IoT is fixed and is lower priority than LTE/eMTC)
Proposal 9.
RAN2 agrees that multimode NB-IoT UEs are allowed to search for high priority inter RAT frequencies periodically (Example: High priority LTE/eMTC RAT)
Proposal 10.
RAN2 agrees that LTE defined high priority RAT Priority based Inter RAT Freq Measurement Rules are applicable when multimode UE is camped on low priority NB-IoT
Proposal 11.
For RAT priority based IRAT frequency measurement rules, relaxed monitoring procedures are  applicable (as specified in TS 36.304, section 5.2.4.12) for IRAT frequency measurements.
Proposal 12.
RAN2 agrees that NB-IoT adopts RAT priority based Inter RAT Idle Cell Reselection procedures defined for LTE UEs. (Option 2 method)
Proposal 13.
NB SIBs will be enhanced to specify whether LTE/eMTC neighbour RAT carrier frequency support for CE Mode A to assist NB-IoT UEs for performing RAT priority-based measurements and idle cell reselection procedures
Proposal 14.
Based on service type offered by multimode UEs, NB-IoT capable UEs can either use “ranking based” or “RAT priority based” IRAT Idle Cell Reselection procedure as choice of UE Implementation.
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