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1
Introduction
RAN#69 approved a new work item “NarrowBand IOT (NB-IOT)” in [1]. Although lacking RAN1 input RAN4 agreed in Sophia Antipolis WF in [3]. In RAN4#77 in Anaheim another WF on NB-IoT was agreed in [5] stating the very basic framework for RRM requirements work for NB-IoT:
Requirements in RRC idle state:
· The following requirements in idle state need to be specified:
· Cell selection
· cell detection and cell reselection delays, which may include cell detection time and reselection evaluation time
· measurement rate/delay for cell detection and cell reselection;
· measurement accuracy(ies) of measurement(s) used for cell detection and cell reselection are FFS;
· Prioritize work on the above requirements for intra-frequency carrier in Rel-13. 
· Whether or not following requirements in RRC idle are needed depends on RAN1/2 agreements:
· The maximum interruption in paging reception.
· Inter-RAT cell-reselection requirement is not needed for NB-IOT.
Requirements in RRC connected state:
· Whether or not following requirements are needed in RRC connected state depends on RAN1/2 agreements:
· Random access requirements;
· UE transmit timing requirements;
· UE timer accuracy
· Timing advance accuracy
· Radio link monitoring requirements.
Additionally it was agreed – based on RAN2 in principle has agreed that there is no support for connected mode mobility – that:

· In RRC connected state the requirements for HO and reporting and requirements related to mobility measurements are not needed.
Of course, these agreements are subject to changes in the RAN1 and RAN2 agreements and additional requirements might occur.
In this paper, we will look more at the details of the UE cell selection and different scenarios in order to discuss which scenarios RAN4 requirements would need cover.
2
Discussion
The objective of the WI is to specify a radio access for cellular internet of things, based largely on a non-backward-compatible variant of E-UTRA. The WI addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimised) network architecture. Earlier RAN2 has agreed on a number of assumptions, which should be used as guidelines for the requirements work in RAN4: 

NB-IOT should support 3 different modes of operation: 

1.
“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
“In-band operation” utilizing resource blocks within a normal LTE carrier 
In addition, the following assumption in the WID [1] will most likely affect the mobility requirement work in RAN4:

•
180 kHz UE RF bandwidth for both downlink and uplink

•
OFDMA on the downlink – but changes in DL design compared current.
•
A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals 

The objectives in [2] include improved indoor coverage, support of massive number of low throughput devices, reduced complexity, improved power efficiency, and latency: 

· Reduced complexity: The goal is to provide ultra-low complexity devices to support IoT applications. 
· Improved power efficiency: The target is to reduce power consumption of MTC devices so that battery life of ten years is possible with battery capacity of 5 Wh even at 164dB MCL. 
· Latency: For latency evaluation, exception report latency of 10 seconds or less is the target for 99% of the devices as defined in [2]. 

· The majority of cellular IoT devices will be stationary. Cellular IoT is expected to be designed and optimized for stationary devices [2, Annex A]
A number of these requirements will affect how the UE procedures are defined and to the achievable and needed performance for cell detection, measurements and idle mode mobility. It is clear that the RAN1 design of the physical layer design is not fully stable yet. Therefore, detailed discussions in RAN4 are difficult and following discussion aims to address some high level aspects of the cell selection for NB-IoT devices.
NB-IoT Cell Selection Scenario
Although assumed that a large majority of the cellular IoT devices will be stationary, there are also a need for support of non-stationary devices. When looking at the requirements there is a need for supporting both stationary, non-stationary and very long inactivity time for power saving purposes.

One can take the simple approach and first look at a device in which the Idle mode DRX resembles current idle mode DRX cycles supported in E-UTRAN. For such device, one can imagine that RAN4 requirements concerning cell detection could build on a rather similar requirement setup as what we have in LTE – taking into account the reduction in BW and operating point. I.e. one could think RAN4 could use similar approach as in LTE and allow relaxation of the requirement aligned with the UE DRX cycle in use. 

A device using a relative short DRX cycle could be assumed to perform cell search frequently while cell selection less often.
If the device is configured with a very long DRX cycle it should not be unnecessarily active but instead prioritize device power saving. This means that for such device the cell selection is in principle needed more often – depending on the use case under consideration:
· Device is connected to fire alarm – such device is likely not moving and change in radio environment could lead to that former serving cell is no longer the best cell or even available. Note also that the possible drift in UE frequency source can lead to need to perform cell selection.
· Device is car antitheft alarm system and such device is likely moving along with the car in between being active. I.e. although as such it is fixed in the car, the car is moving, leading to a change in radio environment (location) and possibly loss of former serving cell. 

These two simple examples illustrates that cell selection might in fact not only be a rare event (e.g. power on and error cases) but devices could need to perform cell selection more frequently. 
Considering also the cell selection latency requirement, performance objectives in [2] state that certain applications (e.g. alarms) have latency requirement of 10s for the uplink exception report delivery. This is something RAN4 need to discuss how to encompass it in requirements, like cell selection requirement.
Cell Selection Steps for NB-IoT
One have to keep in mind that part of detecting a cell possibly includes scanning of multiple potential carriers on which a cell can be located. Depending on the specific scenario, a device would have to search for a possible cell on supported carriers. If the device is stationary, stored list search and finding former serving cell on the stored carrier would be rather fast and faster than if the former serving cell/carrier no longer is available. In this case, the device would have to search for cells on supported carriers (e.g. initial cell selection).

Looking at the current RAN1 discussions there has been different proposals regarding the detailed physical layer design including details related to PSS, SSS, CRS and the potential need for UE to read also MIB in order to perform measurements. One proposed design on the FDD frame placement for normal CP from [6] is illustrated below:
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Figure 1 LTE FDD resource mapping for NB-IoT sync signal in normal CP
Basic functions to be done during the cell selection is detection of the cell plus a set of measurements – i.e. there need to be time to perform NB-PSS, NB-SSS detection prior to performing a round of measurements. The actual time for NB-PSS and NB-SSS detection, is likely decided by simulations in RAN4. Additionally other evaluations of the detected cell are to be performed by the UE during cell selection in addition to just detecting and measuring the cell.
For guard band and stand-alone deployment it could be possible for the device to start using cell’s CRS after detecting NB-PSS and NB-SSS, while for in-band deployment (when re-using the LTE CRS) this is not possible. For in-band deployment, the UE would need to acquire necessary information enabling the UE to use the LTE CRS for measurements/cell detection confirmation. RAN1 is considering two methods how the UE could obtain  information regarding the deployment scenario – either from the NB-SSS or from the NB-PBCH (or NB-MIB) of the detected cell. Thus from RAN4 perspective there could be dependency on the cell detection delay depending on the deployment scenario. However, RAN2 has made an assumption inclusion of system information value tag i.e. the UE will verify and obtain the validity of stored system information (if any) regardless the deployment scenario, before access.  Accounting the fact, that reading the system information is likely to take several repetitions in case of most stringent coverage conditions, it would appear that requirement wise different deployment scenarios would be rather similar. Hence, based on the current RAN1 and RAN2 discussions – and although not all parts are yet decided – it seems possible to list a number of detection steps that would the UE need to support as part of cell selection:

· NB-PSS and NB-SSS detection
· Measurements/cell detection confirmation

· NB-PBCH decoding
· Reception of necessary system information

The time required would depend on CE level (needed repetitions) as well as BW used for synchronization signals.

Cell Selection Requirements

 From the GERAN study item work [2] there is one related requirement to consider in context of cell selection:

· “Certain applications (e.g. alarms) may however require a reasonably strict delay profile. For devices supporting such applications a delay requirement of 10 seconds is appropriate for the uplink when measured from the application ‘trigger event’ to the packet being ready for transmission from the base station towards the core network.”[2].
This latency requirement appears to relate to a specific scenario and exclude the time needed for system information reading. Hence it is assumed that UE has valid system information, thus it is not clear whether the scenario implied by this requirement is a good starting point for a general cell selection requirement. Of course if this scenario is seen relevant and important to be verified, an additional requirement scenario should be considered. Naturally if the cell detection performance can be enhanced to meet or approach the 10s requirement in more general scenario it should be supported.

Observation 1: RAN4 should discuss whether a generic cell selection delay requirement is enough or whether additional specific requirement scenario is needed to cover the exception report scenario. Possible enhancements are FFS.
Regarding the detailed cell selection timing requirements, RAN4 needs to wait for RAN1 to make necessary decisions regarding the physical layer signal design. When RAN1 has made necessary decisions, RAN4 can start the more detailed requirements possibly supported by simulations. 

While waiting for RAN1 decisions RAN4 should discuss whether there is need to have separate requirement scenarios for the different deployments. Naturally, this depends partly on the RAN1 decisions how the necessary information is provided to the UE but also how the protection of LTE signals affects to performance of relevant physical channels (e.g. MIB). Additionally it would be beneficial to develop common view whether there is interest to develop requirement for different coverage classes or whether it is sufficient to cover only the most stringent one. Different deployment scenarios would naturally have different SNR points (affected by the assumed absolute eNB transmission powers and possibly boosting). In Annex A of this document we have listed an initial table for the scenario development. 
Observation 2: RAN4 should discuss the need of having different requirements scenarios for different deployments. 
3
Conclusion
In RAN4#77 meeting RAN4 agreed on WF [5] on RRM for NB-Iot. In this paper, we have looked at the building blocks of the NB-IoT cell selection. Additionally we list the latency requirement for the cell selection based on the different scenario we see supported within NB-IoT. 

We note that while the necessary decision are pending in RAN1, RAN4 should discuss if there is need to have separate requirement scenarios for the different deployments.

Observation 1: RAN4 should discuss whether a generic cell selection delay requirement is enough or whether additional specific requirement scenario is needed to cover the exception report scenario. Possible enhancements are FFS.

Observation 2: RAN4 should discuss the need of having different requirements scenarios for different deployments. 
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Annex Intial link simulation assumptions for cell detection performance

In this annex preliminary template for link simulations to develop cell detection requirement is provided. This could need to be extended or modified based on discussion in RAN4 or as per agreements made by RAN1.

Table 1: Link-level simulation assumptions 
	Parameter
	Value

	System bandwidth
	180 kHz

	Frequency band
	[900] MHz

	Propagation channel model
	[ETU] 1Hz

	Interference
	Noise only

	Antenna configuration 
	1Tx, 1Rx 

	Frequency error
	+/- [18] kHz 

	SNR
	TBD1

	Timing error
	 [0] us

	Downlink Tx filter
	TBD 

	CRS power boosting
	TBD

	
	

	NOTE1: The SNR point realization will depend on the assumed eNB transmit power and possible boosting and can be different for different signals


