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Discussion and decision
1 Introduction

This contribution addresses open areas related to mobility in idle mode considering related RAN2 agreements in NB-IOT and eMTC.
2 Discussion

This contribution takes as an assumption that NB-IOT UE would be able to take reliable measurements similarly to eMTC UEs, however this is something that would also be good to check with RAN4.

Proposal 1. To confirm with RAN4 if NB-IOT UEs will be able to also get reliable measurements and whether this is feasible for any given coverage level.
2.1 Cell selection
Assuming that UE can take a reliable measurement, the following eMTC cell selection agreement would also be applicable for NB-IOT:
Proposal 2. To support S-criterion for enhanced coverage level and, define new minimum required levels, QrxlevminCE and QqualminCE instead of the legacy levels, Qrxlevmin and Qqualmin

In eMTC, when a cell is detected by the UE, if the normal coverage S-criterion is met, the UE could select the cell under normal coverage conditions; otherwise if the cell enhanced coverage S-criterion is met, the UE could select the cell under enhanced coverage conditions. See reference below from the running eMTC CR to TS 36.304 [2:
If cell selection criterion S in normal coverage is not fulfilled for a cell, UE shall consider itself to be in enhanced coverage if the cell selection criterion S for enhanced coverage is fulfilled, where:

	Qrxlevmin
	UE applies coverage specific value Qrxlevmin_CE (dBm)

	Qqualmin
	UE applies coverage specific value Qqualmin_CE (dB)


How the UE finds a cell to select is left to UE implementation (e.g. UE can search for cells that fulfil the S-criterion for NC before searching for cells that fulfil the S-criterion for EC etc.) 

Proposal 3. The UE is in normal coverage, if the cell selected fulfils legacy/normal coverage S criterion, and the UE is in enhanced coverage, if the cell selected does not fulfil the legacy/normal S criteria but fulfils EC S criterion as follows: Srxlev = Qrxlevmeas – (QrxlevminCE + Qrxlevminoffset) – Pcompensation; Squal = Qqualmeas – (QqualminCE + Qqualminoffset) where QrxlevminCE and QqualminCE are defined in Proposal 2.
If the UE can find a cell (i.e. it detects PSS/SSS in a narrowband region for NB-IOT), it can assume that the cell supports NB-IOT functionality and the UE is allowed to operate in the cell either in normal or enhanced coverage mode depending on the S-criterion satisfied. 
Proposal 4. If a cell supports NB-IOT functionality, the NB-IOT UE is allowed to select the cell in normal or enhanced coverage (EC) depending on the S-criterion satisfied.
2.2 Cell reselection
In order to save UE power in cell reselection, the UE does not have to perform intra-frequency measurement if the serving cell is above certain Ssearch threshold (e.g. only have to start measuring at the edge of the cell). For inter-frequency measurement, if the serving cell is above SnonIntra-search, the UE will measure just cells in higher priority frequency layers, otherwise the UE will also measure cells in the same and lower priority frequency layers. For NB-IOT UE moving in idle mode (e.g. NB-IOT UE with no fixed location), such Ssearch thresholds will also be useful for UE power saving purpose in such situation. 
However, for fixed location NB-IOT UE, such Ssearch-threshold may not useful since it may be permanently in such situation (e.g. stationary UE at cell edge or in EC). We propose to differentiate two kinds of configuration for NB-IOT UEs taking into consideration the following implication: 

· NB-IoT UE with no fixed location: This UE behaves similarly to eMTC and legacy one, i.e. when a UE is in idle mode, the UE might search/measure neighbouring intra-frequency or inter-frequency cells, when needed (e.g. based on Sintra-search and Snon-intra-search threshold), trying camp in the best intra-frequency and equal priority inter-frequency cell based on ranking cell reselection criteria or the highest priority frequency cell based on absolute priority cell reselection criteria. It also measure the coverage enhanced level of the serving cell.
· NB-IoT UE with fixed location: This UE is configured and/or indicated by the network to use specific coverage level; therefore, the UE does not try to reselect to other cells or change coverage enhanced level while in idle mode, assuming that it could always camp and receive paging in the cell in which it was previously connected. On the other hand, if there is any un-expected change of condition, it would be acceptable that this UE cannot be paged for certain time e.g. until it connects back for UL data transmission or for periodic TAU. 
If the above classification is agreed, the NB-IOT with fixed location does not need to constantly perform cell reselection measurement and thus UE power saving can be achieved for such UE. 
Proposal 5. To agree that NB-IOT UEs can be classified as NB-IOT UE with no fixed location or with fixed location. For NB-IOT UE with no fixed location, it behaves in idle mode similarly to eMTC. For NB-IOT UE with fixed location, the UE does not try to reselect to other cells while in idle mode to save on UE power consumption.
With the above classification described in Proposal 5 agreed, it will allow to a NB-IOT UE with fixed location not to have to perform cell reselection continuously and hence reduce UE power consumption.
As for NB-IOT UE with no fixed location, assuming that the UE can take a reliable measurement, the following eMTC agreement for intra-frequency and same priority inter-frequency cell reselection based on ranking criteria would also be applicable since it ensures that the best cell is always reselected within the same priority  frequency layers:

Proposal 6.  Intra-frequency and same priority inter-frequency cell reselection based on ranking criteria is supported by NB-IOT UEs with no fixed location.
As for inter-frequency cell reselection, the following agreements is made in eMTC [3]:
Ranking is applied for inter-frequency cell reselection between frequencies with cells that can only be accessed using EC. For inter-frequency cell reselection between frequencies with cells that can using NC then absolute prioritised apply (legacy behaviour). RAN4 will need to consider UE power consumption when defining measurement requirements. 
Priority-based cell reselection allows the operator to perform load balancing in idle mode by applying the common priority from the SIB or the dedicated priority when the UE releases the RRC Connection. With massive number of NB-IOT UEs, load balancing among different frequency layers may also be needed. However, supporting such priority based cell reselection may come as a cost in terms of UE power consumption as the UE has to search for cells in higher priority frequency layers if it is not already on a cell at the highest frequency layer. 
Like in eMTC, only NB-IOT UE with no fixed location performs absolute priority based cell reselection between frequencies with cells using NC and performs ranking based cell reselection criteria if it is reselecting between EC cells and, between EC cell and NC cell. Using ranking criteria, NC cell will be prioritised over EC cell when the UE is in EC. In addition, RAN2 assumption is that RAN 4 can take into consideration of further UE power consumption optimisation (e.g. treating NB-IOT as reduced performance group etc.) when defining measurement performance requirement.
Proposal 7. For NB-IOT UE with no fixed location, inter-frequency cell reselection between frequencies with cells using NC is performed using absolute priority cell reselection criteria (i.e. legacy LTE behaviour). Ranking is applied for inter-frequency cell reselection between frequencies with cells that can only be accessed using EC. RAN4 will need to consider UE power consumption when defining measurement requirements.

Proposal 8. RAN2 does not need to specify anything additional to guarantee that a UE prefers to camp on a cell in NC vs on a cell in EC.

Proposal 9. The measurement rules for NB-IOT UE with no fixed location should follow the eMTC UE in normal coverage (i.e. Sintra-search for determining whether to measure intra-frequency neighbours, SnonIntra-search for determining whether to measure just neighbour cells in higher priority frequency layer or also neighbour cells in the same and lower priority frequency layer). 
For NB-IOT UE with fixed location, if the UE has UL transmission to send, it will perform coverage enhanced level measurement to select the appropriate PRACH resource. If the UE determines that the serving cell no longer satisfied the S-criterion, it should perform cell selection. Otherwise it should just perform RACH procedure with the appropriate PRACH resource associated with the measured coverage enhanced level.

Proposal 10. For NB-IOT UE with fixed location, only cell selection is applied and the coverage enhanced level in idle mode for paging is configured by the network.
With absolute priority based inter-frequency cell reselection supported in normal coverage for NB-IOT UE with mobility, dedicated priority can be used for load distribution of UEs in different frequency layers. There is no need for other load distribution mechanism.

Proposal 11. With absolute priority based inter-frequency cell reselection supported by NB-IOT UE in normal coverage, there is no need for other load distribution mechanism.

3 Conclusion

This contributions analyses open aspects related to mobility and proposes the following:
Proposal 1.
To confirm with RAN4 if NB-IOT UEs will be able to also get reliable measurements and whether this is feasible for any given coverage level.
Proposal 2.
To support S-criterion for enhanced coverage level and, define new minimum required levels, QrxlevminCE and QqualminCE instead of the legacy levels, Qrxlevmin and Qqualmin
Proposal 3.
The UE is in normal coverage, if the cell selected fulfils legacy/normal coverage S criterion, and the UE is in enhanced coverage, if the cell selected does not fulfil the legacy/normal S criteria but fulfils EC S criterion as follows: Srxlev = Qrxlevmeas – (QrxlevminCE + Qrxlevminoffset) – Pcompensation; Squal = Qqualmeas – (QqualminCE + Qqualminoffset) where QrxlevminCE and QqualminCE are defined in Proposal 2.
Proposal 4.
If a cell supports NB-IOT functionality, the NB-IOT UE is allowed to select the cell in normal or enhanced coverage (EC) depending on the S-criterion satisfied.
Proposal 5.
To agree that NB-IOT UEs can be classified as NB-IOT UE with no fixed location or with fixed location. For NB-IOT UE with no fixed location, it behaves in idle mode similarly to eMTC. For NB-IOT UE with fixed location, the UE does not try to reselect to other cells while in idle mode to save on UE power consumption.
Proposal 6.
Intra-frequency and same priority inter-frequency cell reselection based on ranking criteria is supported by NB-IOT UEs with no fixed location.
Proposal 7.
For NB-IOT UE with no fixed location, inter-frequency cell reselection between frequencies with cells using NC is performed using absolute priority cell reselection criteria (i.e. legacy LTE behaviour). Ranking is applied for inter-frequency cell reselection between frequencies with cells that can only be accessed using EC. RAN4 will need to consider UE power consumption when defining measurement requirements.
Proposal 8.
RAN2 does not need to specify anything additional to guarantee that a UE prefers to camp on a cell in NC vs on a cell in EC.
Proposal 9.
The measurement rules for NB-IOT UE with no fixed location should follow the eMTC UE in normal coverage (i.e. Sintra-search for determining whether to measure intra-frequency neighbours, SnonIntra-search for determining whether to measure just neighbour cells in higher priority frequency layer or also neighbour cells in the same and lower priority frequency layer).
Proposal 10.
For NB-IOT UE with fixed location, only cell selection is applied and the coverage enhanced level in idle mode for paging is configured by the network.
Proposal 11.
With absolute priority based inter-frequency cell reselection supported by NB-IOT UE in normal coverage, there is no need for other load distribution mechanism.
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