3GPP TSG-RAN WG2 Meeting #104
R2-1817502
Spokane, USA, November 12th – 16th 2018
Resubmission of R2-1813816 


Agenda item:
12.2.8
Source: 
Sequans Communications
Title: 
Inter-RAT selection triggering for NB-IoT
Document for:
Discussion and Decision
1. Introduction
A New WID on Rel-16 enhancements for NB-IoT is approved in RP-181451 with the following objectives:

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 RAN2#103 it was agreed:

· 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

In this contribution we investigate the use cases in which inter-RAT cell selection for NB-IoT is required and beneficial, we identify the unique challenges which are relevant for IoT application and propose solutions.
Compared to R2-1813816 only minor editorial updates have been done
2. Discussion
A UE supporting NB-IoT technology, and in addition at least one more other RAT technology such as eMTC or GERAN can be referred to as a Dual mode or Multi mode NB-IoT UE. A dual mode NB-IoT UE camped on an NB-IoT cell may wish to select to a new RAT for several reasons
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Figure 1

For example, a UE running a typical NB-IoT application, e.g. water meter A in figure 1, can benefit from an optimized power saving if served by NB-IoT technology for its ongoing sporadic, small packet communication. However, from time to time, e.g. when the UE preforms FOTA or SW upgrade, which imply a large burst of data delivery, the UE may benefit from selecting and connecting to an eMTC cell, provided that such cell is available and can provide good enough service in the area. 

Another example is a UE which is served by NB-IoT cell since it was not able to detect a better cell running another RAT. It could be a UE that is running an application which is better served by another RAT e.g. the smartwatch or the health care device in figure 1, which are more suitable to operate over an eMTC NW but can still operate in a limited mode also on an NB-IoT NW. Or it could be a UE that is experiencing bad radio conditions over the NB-IoT NW e.g. water meter B in figure 1 and if a cell from another RAT is made available at some point of time, with better radio conditions, the UE may benefit from selecting it for power saving.

For all the above use cases, a typical implementation based on Rel-15 NB-IoT technology would be to periodically search for an alternative RAT and either switch to this RAT if found or save the findings for a later use. However, searching for another RAT includes an exhaustive frequency scan over all supported frequencies and could be very pricy from a power consumption point of view. In legacy LTE, the UE is provided with inter-RAT reselection information to assist the UE frequency scanning and to set some rules for prioritization and thresholds between the intra-frequency cells, the inter-frequency cells and the inter-RAT frequencies cell. Although helpful to the UE, such information comes with a penalty of spectral inefficiency for the SI transmission and power consumption for the SI acquisition, therefore RAN has directed RAN2, and RAN2 had reconfirmed the intention to specify a power efficient mechanism for cell selection and not for a full-blown re-selection mechanism. Such mechanism can include at least an advertisement of the availability of an inter-RAT cell within the NB-IoT cell coverage. a UE receiving an indication of the inter-RAT cell availability may choose on its own discretion to perform inter RAT cell search. However, if the NB-IoT cell advertises support of the inter-RAT selection mechanism but does not advertise inter-RAT cell availability, the UE can halt any periodic inter RAT cell search and preserve power.
Proposal 1: RAN2 will specify NB-IoT Inter-RAT cell selection assistance mechanism that includes at least inter-RAT cell availability information 
The above level of support implies very small overhead in the SI, but the cell search power saving is also limited. Additional assistance information may include at least the frequency identifiers of the available cells i.e. EARFCN for eMTC cells and ARFCN for GERAN cells. If such assistance information is available for the UE, each frequency scan can be significantly optimized to include only the advertised cells. However, as operators are expected to densify the IoT deployments in the coming years, the SI overhead of per frequency assistance mechanism can no longer be considered negligible. This tradeoff should be discussed by RAN2.
Proposal 2: RAN2 to consider including frequency identifier to the inter-RAT selection assistance information
Looking again at figure 1 we can see that although there is an eMTC coverage in some areas of the NB-IoT cell coverage, the eMTC coverage is partial. 
It should be noted that the practical coverage of the different technologies may vary. NB-IoT NWs are typically designed to support 164 dB Maximum Coupling Loss (MCL). eMTC mode B coverage extension is also designed to support deep coverage scenario. However, currently most typical eMTC deployments implement only mode A coverage extension, resulting in eMTC cell coverage which is much smaller than an NB-IoT cell coverage. This means that from an NB-IoT cell point of view, there might be inter-RAT eMTC coverage for some of the UEs it is serving while other UEs may still have to wait until the eMTC deployment coverage is further extended.
Observation 1: At least for current deployments, eMTC mode A coverage may be smaller than an NB-IoT cell coverage
Observation 2: The inter-RAT cell coverage may be partial.

It is worth mentioning, that at least in these early days of eMTC and NB-IoT NW deployments, operators usually choose to prioritize the deployment of one of the above technologies over the other, with the intention to densify the deployment of the other RAT once the deployment of the prioritized RAT is stable. At the same time, legacy GERAN deployments, currently used by IoT applications, are expected to be gradually replaced and refarmed. That it is to say, that the deployment scenario status, at least in the coming few years would change repeatedly.
Observation 3: Inter-RAT deployment status may repeatedly change.
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Figure 2

In figure 2, an additional eMTC cell (3) was deployed, on the same f1 frequency as eMTC cell (1) and eMTC cell (2), and now the smartwatch and water meter B would select it as soon as it is found. However, as already mentioned, repeatedly searching for another RAT could be very pricy from a power consumption point of view. 
Water meter B in figure 1 is facing a dilemma, the NB-IoT cell implementing basic inter-RAT assistance mechanism is advertising inter-RAT availability and perhaps also the EARFCN for the eMTC f1, however meter B in figure 1 was not able to detect any eMTC cell on f1 since it is out of the eMTC coverage. there is some probability that if meter B “invests” power in a periodic search for an eMTC cell, it may eventually find such cell with better radio conditions in which each transmission is done with significantly less repetitions and much lower overall power consumption, and thus the power consumption investment ends up with power saving. The problem is that the UE cannot really know if the “investment” is going to pay off or not. 
If meter B was aware of the changes in the deployment scenario, in other words, had the NW provided information about changes in the inter-RAT cell availability, meter B relying on this information could have halted the periodic inter-RAT searches until the next indication of the availability change, thus significantly reducing the inter-RAT search power consumption.
Proposal 3: NB-IoT Inter-RAT cell selection assistance includes deployment status change
Considering the objective to specify ANR mechanism for NB-IoT, the NW should be quickly aware of any deployment change within its coverage, so it should be able to indicate it e.g. in SI. A simple way to indicate a deployment status change could be with a deployment status value tag. Like the SI message value tag, the deployment status value tag is increased whenever the deployment status changes, indicating to the UEs that there is an opportunity to find a new inter-RAT cell. Assuming such deployment changes are common, but still not that frequent, any of one to two bits of value tag should suffice.
3. Conclusion 

In this contribution, we make the following observations and proposals:
Observation 1: At least for current deployments, eMTC mode A coverage may be smaller than an NB-IoT cell coverage 

Observation 2: The inter-RAT cell coverage may be partial.

Observation 3: Inter-RAT deployment status may repeatedly change.

Proposal 1: RAN2 will specify NB-IoT Inter-RAT cell selection assistance mechanism that includes at least inter-RAT cell availability information

Proposal 2: RAN2 to Consider including frequency identifier to the inter-RAT selection assistance information

Proposal 3: NB-IoT Inter-RAT cell selection assistance includes deployment status change

References

[1] 
RP-181451 “New WID on Rel-16 NB-IoT”; Ericsson, Huawei 
