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1 Introduction

At last two meetings RAN4 discussed RRM measurements on a high-level and some high-level agreements were also made in [1, 4, 5]. The agreements for UEs in RRC IDLE and CONNECTED state were captured. Since RAN1 had not concluded their work on physical signal design at that point, it was difficult to have detailed discussions in RAN4. In this contribution we provide our view on measurements and consideration for cell reselection based on agreed way forward from last meeting. 
2 Discussion
2.1 Background
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. 


And following agreements were captured in [5] regarding measurements and mobility in RRC_IDLE state. 

	· Measurements and mobility
· RAN4 is to identify the types of signals that are feasible for RRM measurements in RRC_IDLE state.
· RRM measurement performance is to be studied for each deployment type (in-band, guard-band, stand-alone) independently and the corresponding requirements shall be defined accordingly for NB-IoT UEs in RRC_IDLE state. 
· RAN4 is to analyse the impact of deployment type on the cell reselection procedure/requirements for NB-IoT UEs in RRC_IDLE state. 

· Measurement accuracy is to be considered for RRM measurements in RRC_IDLE state
· RAN4 will not define measurement reporting requirements for mobility.


According to the agreements above, RRM measurement performance is to be studied for each deployment type (in-band, guard-band, and stand-alone) independently and the corresponding requirements shall be defined accordingly for NB-IOT UEs in RRC_IDLE state. But RAN4 did not have much discussion on what type of measurements should be used and what types of signals are to be used for measurements. The agreement above states that RAN4 is to identify the types of signals that are feasible for RRM measurements in RRC_IDLE state.  In this contribution we elaborate on this topic below. 
2.2 Discussions
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.  
2.2.1 Options to improve RSRP/RSRQ measurement
RAN1 has made some progress in their design of synchronization signals. The number of subcarriers for NB-SSS was agreed as 12 and for NB-PSS and 12 or 11. It was further agreed that NB-PSS uses the last 11 OFDM symbols of subframe in case of normal CP, and NB-SSS uses the last 11 or 9 OFDM symbols of subframes also for normal CP. However, it shall be noted that RAN1 has not concluded their work on the signals yet. 
In a first option, we propose to use the synchronization signals (e.g. NB-PSS, NB-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 may take 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 may be considered. Based on RAN1 design of the synchronization signals, we propose that the RAN4 studies the measurement performance using synchronization signals. Also according to agreements in [5], the measurement performance is to be studied for each deployment mode. 
· Proposal #1: RAN4 is to study RRM measurement performance using synchronization signal (NB-SSS). 
Although the legacy type measurement based on CRS is expected to result in degraded accuracy, it may be interesting to study the performance when CRS are combined with synchronization signals (NB-SSS). This combination may improve the accuracy quite a lot. Thus we propose that the RRM measurement performance is also studied using this combination. 

· Proposal #2: RAN4 is to study RRM measurement performance using both synchronization signals (NB-SSS) and CRS signals. 
We have provided initial RRM simulation results according for the abovementioned proposals in a companion paper [6, 7].
2.2.2 Consideration of deployment modes on cell reselection criteria
Considerations of deployment modes on cell reselection criteria was discussed at last meeting and following agreement was captured in [5]:

	· Measurements and mobility
· RAN4 is to identify the types of signals that are feasible for RRM measurements in RRC_IDLE state.
· RRM measurement performance is to be studied for each deployment type (in-band, guard-band, stand-alone) independently and the corresponding requirements shall be defined accordingly for NB-IoT UEs in RRC_IDLE state. 
· RAN4 is to analyse the impact of deployment type on the cell reselection procedure/requirements for NB-IoT UEs in RRC_IDLE state. 

· Measurement accuracy is to be considered for RRM measurements in RRC_IDLE state
· RAN4 will not define measurement reporting requirements for mobility.



The agreement in [5] states that RAN4 is to analyze the impact of different deployment mode (inband, standalone, and guardband) on the cell reselection procedure when specifying the requirements for NB-IOT UEs in RRC_IDLE state. Since the physical design of the corresponding signals has not yet been finalized, this task is pending in RAN4. It is proposed that RAN4 analyzes this impact to next meeting provided RAN1 has completed their work on relevant parameters. 
3 Conclusion
In this paper, we provide a high-level discussion on measurements and considerations for NB-IOT UEs in RRC_IDLE state. The discussions are based on agreements made in RAN4 and on-going discussions in RAN1. We have highlighted the need to improve the measurement performance, and for this purpose we have proposed to study the synchronization signals for measurements. Based on the discussions in this paper, we have the following proposals: 
· Proposal #1: RAN4 is to study RRM measurement performance using synchronization signal (NB-SSS). 

· Proposal #2: RAN4 is to study RRM measurement performance using both synchronization signals (NB-SSS) and CRS signals. 
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