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1 Introduction
In RAN#69 meeting, a New WI Proposal “Narrow-band IOT” (NB-IOT) [1] was approved. NB-IOT has much narrower bandwidth, larger number of devices, and much longer sleep cycle. The paging mechanism for NB-IoT requires further study. Regarding idle mode procedures, the following agreements were made in RAN2 #91bis meeting.
	· “Inter-frequency” denotes a scenario where we have more than one cell on different 180 kHz NB carrier, regardless other character of the deployment. FFS if this definition need to be updated if RAN1 introduces frequency hopping etc.

· RAN2 assume that there is no need to support limited service state or emergency call. 

· We will not support speed dependent scaling of mobility parameters or mobility history. 


In RAN2 #92 discussion on cell re-selection, the following agreement was made.
	· We will have a method for inter-frequency load distribution (quite static). Details FFS.


In this contribution, we analyze the potential impacts on NB-IOT idle mode procedures.
2 Discussion
2.1 Cell Selection

In cell selection procedure, a cell can be selected if it satisfies the S-criteria [3]. For NB-IOT, the same approach can be adopted. 
To support S-criteria for EC, the definition of new minimum required levels, QrxlevminCE and QqualminCE (to replace the legacy levels, Qrxlevmin and Qqualmin) have been agreed for eMTC in RAN2 #91bis meeting [3]. Similar modifications apply to NB-IOT S-criteria. However as there is no strict legacy for NB-IOT we assume that Qrxlevmin and Qqualmin can have a range that supports all coverage possibilities. 

Proposal 1: The LTE cell selection criterion is used: 
The cell selection criterion S is fulfilled when:

Srxlev > 0 AND  Squal > 0

where: 

Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation – Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) – Qoffsettemp
NB-IOT devices may belong to only one power class, and we may consider to remove the parameter Pcompensation (= max (PEMAX – PPowerClass, 0)) in the S-criteria for NB-IOT.

Proposal 2:
Consider to not use the parameter Pcompensation in S-criteria if NB-IOT UEs all belong to the same power class.
2.2 Cell Reselection
Cell reselection consists of two major parts. Measurements on neighbouring cells are triggered when current cell satisfies some measurement conditions, for example, when the signal strength falls below some threshold. After obtaining the measurement results, the UE performs idle mode cell reselection based on some reselection conditions, which include the priorities of frequencies and ranking of cells. In this section, we discuss the potential issues for both parts of the cell reselection procedure in NB-IOT.
2.2.1 Intra-frequency Cell Reselection
For intra-frequency cell reselection the only reasonable alternative is to do ranking based cell reselection to ensure that the UE camps on the best cell. 

Proposal 3:
Intra-frequency cell reselection is based on ranking.
2.2.2 Inter-frequency Cell Reselection
Current LTE adopts a priority-based cell reselection in which a UE tries to reselect to a high-priority cell, while cells belonging to the same priority are ranked based on the R-criteria. In NB-IOT, we may reuse the priority-based method, or adopt a ranking-based method in which all cells are considered as the same priority. A comparison of the two methods is given as follows.
	
	Priority-based
	Ranking-based

	Load balancing
	For load balancing, the network can steer the traffic by dedicated mobility configuration by setting frequency priorities for each UE.
	The steering of UEs is possible but less direct. 



	Measurement and power consumption
	If priorities are set properly, most UEs are constantly served by the cell with highest priority, and need not to perform measurements unless the channel condition is very bad. However, once a UE camps on a lower-priority cell, it may perform unnecessary measurements (on higher priority cells). Care must be taken. 
	In principle, ranking-based methods require measurements also when a UE is on a “good” carrier just to compare and rank.  Care must be taken. 


According to previous agreements, “Inter-frequency” denotes a scenario with more than one cell on different 180 kHz NB carriers. Coverage enhancement is supported in NB-IOT, and since the cell ranking procedure is based on signal strength, a cell with higher coverage level is naturally preferred in cell reselection. Thus ranking-based cell re-selection is considered simple for NB-IOT with coverage enhancements.
We conclude that both priority-based and ranking-based inter-frequency cell reselection is feasible for NB-IOT. We are here proposing the proposal that we believe have the highest support among companies. 
Proposal 4:
Inter-frequency cell reselection is based on ranking.
2.2.3 Inter-frequency Load Balancing
It has been agreed that load balancing needs to be supported in NB-IOT. Load balancing might be achieved by explicit redirection commands, included in RRCConnectionRelease message sent by eNB, i.e. a UE is sent to camp on a certain frequency, and then it is assumed that the reselection hysteresis will make the UE stick to this frequency. In the general case we believe that this might not work well as the traffic steering effect will have vanished as soon as the UE reselects to another frequency. In a specific deployment scenario this might work, e.g. when there are carriers belonging to the same band, served by the same eNB, where the carriers have similar coverage and signal strength. 
In order for a traffic steering solution to have a more robust long-term effect and be less dependent on the deployment scenario, it could be possible to provide also dedicated cell reselection parameters to a UE, such as an offset. 
Proposal 5:
Inter-frequency load balancing is achieved by explicit redirection commands from eNB, with a dedicated cell reselection offset parameter for one or more carriers.
For simplicity it could be assumed that the dedicated cell reselection parameters are applicable until the UE goes to connected mode or select another PLMN. 
Proposal 6:
The dedicated cell reselection offset parameters are applicable until the UE goes to connected mode or select another PLMN. 
2.2.4 Measurements 
A simple way to allow UEs to save power, that is available also in LTE, is that UE may choose not to perform measurements on another NB intra-frequency or inter-frequency cell, if the signal strength and quality are above certain thresholds. Inter-frequency measurements are more costly than intra-frequency ones, and thus it should be allowed to configure different measurement thresholds for the two cases, as in current LTE systems. 
Proposal 7: 
For NB-IOT, different measurement thresholds are configured for intra-frequency (SIntraSearch) and inter-frequency (SNonIntraSearch) measurements.

However, the above is not sufficient. It should be allowed for UEs to detect that they are stationary, and reduce the measurement effort for cell reselection.
Proposal 8:
UE should be allowed to not perform measurements at all, or at least reduce measurements significantly, during conditions such a stationary detection (this could be achieved by not specifying or having relaxed requirements). 
NB-IOT supports coverage enhancements. For UEs in deep enhanced coverage it may not make sense that the UE applies offsets, hysteresis or other cell reselection parameters. 

Proposal 9:
UE should be allowed to ignore cell reselection parameters when in deep enhanced coverage (this could be achieved by not specifying or having relaxed requirements). 
2.2.5 Cell Ranking Criteria
For comparison between cells belonging to the same priority, the following R-criteria [2] are defined for cell ranking. 
	Rs = Qmeas,s + QHyst - Qoffsettemp
Rn = Qmeas,n - Qoffset - Qoffsettemp


For NB-IOT, we believe that the cell ranking method can be reused.
Proposal 10:
In NB-IOT cell reselection procedure, adopt the R-criteria in TS 36.304 for ranking cells.
3 Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1: 
The LTE cell selection criterion is used: 

The cell selection criterion S is fulfilled when:

Srxlev > 0  AND  Squal > 0

where: 

Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation- Qoffsettemp

Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp
Proposal 2:
Consider to not use the parameter Pcompensation in S-criteria if NB-IOT UEs all belong to the same power class.

Proposal 3:
Intra-frequency cell reselection is based on ranking.
Proposal 4:
Inter-frequency cell reselection is based on ranking
Proposal 5:
Inter-frequency Load balancing is achieved by explicit redirection commands from eNB, with a dedicated cell reselection offset parameter for one or more carriers.

Proposal 6:
The dedicated cell reselection offset parameters are applicable until the UE goes to connected mode or select another PLMN. 
Proposal 7: 
For NB-IOT, different measurement thresholds are configured for intra-frequency (SIntraSearch) and inter-frequency (SNonIntraSearch) measurements.

Proposal 8:
UE should be allowed to not perform measurements at all, or at least reduce measurements significantly, during conditions such a stationary detection (this could be achieved by not specifying or having relaxed requirements). 
Proposal 9:
UE should be allowed to ignore cell reselection parameters when in deep enhanced coverage (this could be achieved by not specifying or having relaxed requirements)
Proposal 10:
In NB-IOT cell reselection procedure, adopt the R-criteria in TS 36.304 for ranking cells.
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