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[bookmark: _Ref503504522]Introduction
A New WID on Rel-16 enhancements for NB-IoT is approved in RP-181451 with the following objectives:
Mobility enhancement:
· [bookmark: _Toc527988867][bookmark: _Toc527989187][bookmark: _Toc528671087]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] 

The following agreements were made so far:
	
RAN2#104 agreements:
· NB-IoT network may indicate frequency identifiers of neighbouring eMTC/LTE/GERAN carriers to assist inter-RAT selection.
· eMTC/LTE network may indicate frequency identifiers of neighbouring NB-IoT carriers to assist inter-RAT selection.
· [bookmark: _Toc527988866][bookmark: _Toc527989186][bookmark: _Toc528671086]Indicate whether each LTE neighbour frequency supports eMTC/LTE/both. 
· Indicate whether each GERAN neighbour frequency supports EC-GSM/PEO.



In this contribution we investigate the use cases in which inter-RAT cell selection for/from NB-IoT is required and beneficial, we identify the unique challenges which are relevant for IoT application and propose solutions.
Discussion
In a typical NB-IoT eMTC dual mode deployment, the operator would initially choose one of NB-IoT / eMTC technologies to start the deployment with and then the other technology deployment would lag behind. For example, an operator deploying NB-IoT first, would probably rely on LTE deployment sites to start with and with such deployment strategy the operator can achieve fairly good coverage for NB-IoT in a relatively short period, including e.g. basement scenarios, considering using extreme coverage techniques.
Observation 1: NB-IoT deployment based on LTE deployment sites can achieve good coverage including e.g. the basement scenario
Continuing our example, the operator now starts to deploy eMTC on top of the NB-IoT deployment, and again, at least to start with, the deployment is based on the LTE sites and hardware. 

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 similar 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. 

 (
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Figure 1: coverage illustration
Observation 2: 	At least in current deployments, eMTC mode-A coverage is larger than legacy LTE coverage but smaller than an NB-IoT cell coverage

Figure 2 below show a schematic example of the operator deployment illustrated in figure 1. 


Figure 2

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. That it is to say, that the deployment scenario status, at least in the coming few years would change repeatedly.


From NB-IoT cell point of view, there might be inter-RAT eMTC coverage for some of the UEs in its coverage, e.g.  secure alarm (a) in figure 2, while other UEs may still have to wait until the eMTC deployment coverage is further extended, e.g. secure alarm (b) and secure alarm (c) installed in building basements. All of the UEs in this example are geo-stationary.

Secure alarm (a), is fully operational e.g. it may support IoT security features such as keep alive transmission, remote intruder alert, remote fire alert etc’, but thanks to eMTC coverage it can also support voice conversation with the security company control room. Secure alarm (b) and secure alarm (c) however are under NB-IoT coverage, with limited throughput and therefore with limited operation i.e. they cannot support voice control until they search and find an eMTC cell. 
Observation 3: eMTC application served by NB-IoT cell may still operate in limited mode
From secure alarm (b) point of view, having acquired inter-RAT system information sent by the NB-IoT cell, and according to the agreements made in RAN2#104, it is aware of neighbouring eMTC cells operating on f1, but it cannot find it. From applicative point of view, it would be beneficial for secure alarm (b) to periodically search for such eMTC cell in hope to find it at some point if it is deployed by the NW.

Indeed, to enhance the eMTC coverage to match with the NB-IoT coverage the operator may gradually densify the eMTC coverage with additional eMTC eNBs, deployed on the same eMTC frequency (f1) as illustrated in figure 3 below.




Figure 3

Secure alarm (b) would find the new eMTC in its next periodic search and would be able to switch to full operational mode i.e. to support voice calls.

It should be noted that from the UE point of view there was no indication that another cell was deployed. The assistance information published by the NB-IoT cell may indicate frequency identifiers of neighbouring eMTC cells, but the new cell was deployed on a frequency that is already advertised so there was no change to the system information.
Observation 4: When a new inter-RAT cell is deployed on a frequency already advertised by the NW, there is no change to the Inter-RAT system information.

Observation 5: Stationary eMTC application served by NB-IoT cell may have applicative incentive to periodically search for eMTC cell.
For secure alarm (b), the periodic search was fruitful, On the other hand, secure alarm (c) may keep searching for eMTC cell in f1 for months or years before the NW further enhances the eMTC coverage to cover its location, and the power consumption of the unsuccessful searches may drain its battery, especially if we consider that in comparison to the sparse small data transmission/reception it usually does, cell search in coverage enhancement mode is very power hungry.
Observation 6: Periodic search for Inter-RAT cell may drain the UE battery.

To summarize, secure alarm (c) has an incentive to keep searching for a new eMTC cell, but it cannot know if such a cell would be deployed and when is it going to be deployed. In the meantime, the periodic searches for eMTC cells are draining its battery.

If secure alarm (c) 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, secure alarm (c), relying on this information, could have halted the periodic inter-RAT searches until the next indication of the deployment change, thus significantly reducing the inter-RAT search power consumption to a single search per deployment change which should be an infrequent event.

Proposal 1: NB-IoT Inter-RAT cell selection assistance information includes deployment status change
The NW, being aware of any deployment change within its coverage, should be able to indicate it to the UEs e.g. in broadcast signalling. 

A simple way to indicate a deployment status change, without adding dedicated bits in the SI could be to increase the SI message value tag. Upon SI message value tag change, the UE would reacquire the same inter RAT assistance information, which would indicate to the UE that there was a deployment change on one of the advertised inter-RAT frequencies, hence there is an opportunity to find a new inter-RAT cell.

Proposal 2: Change in SI value tag without change of parameters is an indication of deployment change 
Conclusion 
In this contribution, we make the following observations and proposals:
Observation 1: NB-IoT deployment based on LTE deployment site can achieve good coverage including e.g. the basement scenario
Observation 2: Observation 2:	At least in current deployments, eMTC mode-A coverage may be larger than legacy LTE coverage but smaller than an NB-IoT cell coverage
Observation 3: eMTC application served by NB-IoT cell may still operate in limited mode
Observation 4: When a new inter-RAT cell is deployed on a frequency already advertised by the NW, there is no change to the Inter-RAT system information.
Observation 5: Stationary eMTC application served by NB-IoT cell may have applicative incentive to periodically search for eMTC cell.
Observation 6: Periodic search for Inter-RAT cell may drain the UE battery.

Proposal 1: NB-IoT Inter-RAT cell selection assistance includes deployment status change
Proposal 2: Change in SI value tag without change of parameters is an indication of deployment change 
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