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1 Introduction

RAN4 has started high-level discussions on RRM requirements for NB-IoT. Some high-level agreements were made at last RAN4 meetings in [1]. In this way forward the agreements for UEs in RRC IDLE and CONNECTED state were captured. In this contribution we provide our view on measurements for cell reselection that can be considered in further RAN4 RRM discussions. 
2 Discussion
Following agreements were captured in [1] regarding UE measurements 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. 


The new measurement will be used for cell reselection procedure in RRC_IDLE state. The existing cell reselection procedure is defined in section 4.2 in [1]. The cell reselection procedure comprises the UE performing RSRP and RSRQ measurement of the serving cell and uses it to evaluate the cell selection criterion S. The requirements also specify how many measurements UE is allowed to use for filtering and how much they shall be spaced apart in time. In addition to serving cell measurement, UE is also required to perform RSRP and RSRQ measurements on neighbor cells if the S-criterion cannot be fulfilled.  
The existing cell reselection procedure described above may not work very well for the NB-IoT since UE bandwidth is reduced to 1 PRB only. In practice, this means that the number of resource elements available for measurement is significantly reduced, and that will affect the measurement accuracy as well as measurement time/rate. 
Thus it is important to study how bad the measurement performance using the legacy cell specific reference symbols, CRS, is for NB-IoT, i.e. whether legacy type measurement is sufficient. It is likely that large inaccuracy in measurement may not guarantee acceptable cell reselection measurement performance. Therefore we suggest that RAN4 considers other improvements to measurements. This may include measurements using synchronization signals.  
2.1 Options to improve RSRP/RSRQ measurement
Design of synchronization signals are currently under discussion in RAN1. Different design options are under consideration, and these are currently being discussed in RAN1. 
In a first option, we propose to use the synchronization signals (e.g. P-PSS, M-SSS) for measurement to evaluate the downlink quality of the serving- and neighbor cell instead of CRS. The problem of using CRS, as mentioned in previous subsection, is that the number of REs that contain reference symbols may not be sufficient to estimate the channel and perform measurement in wide range of radio channels (e.g. multipath fading, shorter coherence bandwidth etc) also under extended coverage. 
The new design options of synchronization signals takes into account the NB-IOT deployment modes which are: stand-alone operation, guard-band operation, and in-band operation. For deployment modes which are more challenging than others, e.g. in-band deployment, different repetition intervals for synchronization signals are considered. The repetitions are used to supports UEs operating under extreme coverage. This means, the density of synchronization signals will depend on deployment mode. From a measurement perspective, this means the number of REs available for measurement will depend on deployment scenario. This would mean that the measurement periods and/or accuracies for the same type of measurement will depend upon the operational mode. For example shorter measurement period could be required for standalone, longer period for in-band operation and longest period for guard-band operation etc. Therefore the measurement performance of each deployment mode should be studied independently and the requirements shall be defined accordingly. 
· Proposal #1: Cell reselection criteria based on measurement using synchronization signals are to be studied for NB-IoT. The measurement performance using synchronization signals are to be studied separately for different deployment modes. 
· Proposal #2: RRM measurement performance is to be studied for each deployment mode independently and the corresponding requirements shall be defined accordingly for NB-IoT UEs in RRC_IDLE state. 
In addition to measuring on synchronization signals, measurement performance using both synchronization signals and legacy CRS signals could be evaluated. 
2.2 Consideration of deployment modes on cell reselection criteria
In an example scenario, it is assumed that UE1 is deployed for NB-IoT operation within a wider LTE bandwidth (i.e. in-band operation). This UE identifies new neighbor cells and performs measurement on them which are later used for evaluation of the cells for cell selection/reselection. The measured cells could be deployed in a stand-alone fashion or within a LTE guard-band. If this is the case, how are these neighbor cells evaluated for mobility? Are they evaluated equally no matter how they are deployed? Or is there a need to consider an offset? These are new questions that arise with NB-IoT mobility that need to be discussed.

In legacy LTE system cell reselection is based on S-criterion defined in TS 36.304 as shown below. It is based on measured cell RX level value, and measured cell quality value as expressed below: 
	Srxlev > 0  AND  Squal > 0


where: 
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp


The cells evaluated for cell change (e.g. cell selection, cell reselection, handover, RRC re-establishment) belong to the same or different carriers. The cell change could be between two cells of same RAT or different RAT. 
Compared to the legacy LTE operation, it shall be noted that NB-IoT supports different type of deployments. The NB-IoT could be deployed as:
· Stand-alone operation

· Operation in LTE guard-band

· Operation within wider LTE carrier bandwidth, i.e. in-band operation 

For example a UE capable of multiple deployment modes may have to reselect a target operating with a NB-IOT different than that used by the current serving cell. Therefore when evaluating the possible cells for mobility the deployment type of the serving and target cells may impact the cell reselection performance. Therefore it is also important to study impact of the deployment type on cell reselection in NB-IOT. This was not necessary for legacy network because there is mainly one type of deployment that is supported. But this is not the case for NB-IoT as mentioned earlier. 
The possible reselection cases for NB-IoT are shown in Table 1 below, and the impact of having different modes in the current serving cell and target cell needs to be investigated. Thus we propose that RAN4 investigates the impact of NB-IOT deployment modes on cell reselection in addition to the S-criterion based on signal strength and quality.
	Current serving cell
	Target cell for cell reselection

	
	Stand-alone cell
	Guard-band cell
	In-band cell

	Stand-alone cell
	Y/N?
	Y/N?
	Y/N?

	Guard-band cell
	Y/N?
	Y/N?
	Y/N?

	In-band cell
	Y/N?
	Y/N?
	Y/N?


Table 1: Possible reselection cases for NB-IoT UE 
· Proposal #3: RAN4 is to analyse the impact of deployment type of the serving and target cells on the cell reselection procedure/requirements for NB-IoT UEs in RRC_IDLE state. 
3 Conclusion
In this paper, we provide a high-level discussion on cell reselection procedure for NB-IoT. We have highlighted the need to improve the measurement performance, and for this purpose we have proposed to study the synchronization signals for measurements. Also we have also highlighted the need to investigate impact of the deployment type/mode when evaluating the cells for cell reselection. Based on the discussions in this paper, we have the following proposals: 
· Proposal #1: Cell reselection criteria based on measurement using synchronization signals are to be studied for NB-IoT. The measurement performance using synchronization signals are to be studied separately for different deployment modes. 
· Proposal #2: RRM measurement performance is to be studied for each deployment mode independently and the corresponding requirements shall be defined accordingly for NB-IoT UEs in RRC_IDLE state. 
· Proposal #3: RAN4 is to analyse the impact of deployment type of the serving and target cells on the cell reselection procedure/requirements for NB-IoT UEs in RRC_IDLE state. 
4 Reference

[1]
R4-158205, "NB-IoT Way forward for RRM ", Huawei, HiSilicon, Ericsson, Nokia Network
[2]
3GPP TS 36.133 Requirements for support of radio resource management
[3]
3GPP TS 36.304, User Equipment (UE) procedures in idle mode

3/3


