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1. Introduction
In RAN1 NB-IoT Ad-Hoc meeting, the following agreements on NB-RS were made [1]:
· A NB-RS is used at least for NB-PBCH and that is common among all operation modes

· At least NB-RS is always present and always used for single antenna port and 2 antenna ports transmission schemes

· FFS: Additional utilization of LTE CRS in in-band operation mode

· For NB-PDCCH/NB-PDSCH,

· In-band operation

· NB-RS is present without condition

· Stand-alone and guard-band operations

· Only NB-RS is used

In RAN1#84 meeting, the following agreements on NB-RS were made [2]:

· FFS: LTE CRS power offset to NB-RS is signaled to UE
In the RAN4#78 meeting, one general simulation assumption of RRM measurement of NB-IoT] was agreed to initialize the discussion of RRM measurement of NB-IoT among the interested companies. In this contribution, some simulation results of RRM measurement of NB-IoT are provided for initial analysis.
2. Discussion
For RRM measurement, the following three options are being discussed during last meeting 
· measurement based on NB-RS, 
· measurement based on NB-SSS. 
· measurement based on combination of NB-SSS and NB-RS
According to [2], measurement based on NB-RS is to be used as baseline for simulation only in RAN4. That's aligned with legacy LTE system where CRS is used for RRM measurement.
A NB-IoT UE in IDLE mode does not know neighboring cell’s system configuration information (including MBSFN subframe configuration etc.). In RAN1#84 meeting, subframe#5 in every frame used for NB-PSS was agreed. As described in [3], subframe#9 in every frame should be used for NB-PSS. In this case, when NB-RS is utilized for RSRP/RSRQ measurement, a NB-IoT UE can measure NB-RS based on the following options:

· Option 1: NB-RS is transmitted in subframe#0 in every frame 

· Option 2: NB-RS is transmitted in subframe#0 in every frame and subframe#4 in every frame 
3. Simulation results
According to the simulation assumptions for RRM measurement for NB-IoT, some simulation results are provided for initial discussion and analysis. In the following simulation, we reuse the legacy E-UTRAN measurement assumptions in non-DRX of measurement every 40ms and averaging over 200ms for CRS based RRM measurement. For the NB-RS based RRM measurement, we have 3 options, 
· option 0: the same as legacy E-UTRAN measurement;

· option 1: measurement every 10ms and averaging over 200ms;

· option 2: measurement every 5ms and averaging over 200ms;
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Figure 1. RSRP Estimation Error of Legacy LTE and NB-IoT, SNR=-20dB
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Figure 2. RSRP Estimation Error of Legacy LTE and NB-IoT, SNR=-10dB
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Figure 3. RSRP Estimation Error of Legacy LTE and NB-IoT, SNR=0dB
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Figure 4. RSRP Estimation Error of Legacy LTE and NB-IoT, SNR= 10dB
Based on the simulation results in Figure 1/2/3/4, comparison between CRS-based RRM measurement and NBRS-based RRM measurement with option 0 has also verified that reduced measurement bandwidth of NB-RS could cause significant performance degradation, however when we increase measurement subframe in time domain as option 1 and option 2, the NBRS-based RRM measurement can have comparable performance as CRS-based RRM measurement. Therefore, whether NB-RS can be used for RRM measurement depends on the available subframes for measurement. 
Observation 1:. If we increase measurement subframe in time domain as option 1 and option 2, the NBRS-based RRM measurement can have comparable performance as CRS-based RRM measurement.
4. Conclusions
In this contribution, some simulation results of RRM measurement for NB-IoT are provided for initial discussion and analysis. The observations are made as followings: 
Observation 1:. If we increase measurement subframe in time domain as option 1 and option 2, the NBRS-based RRM measurement can have comparable performance as CRS-based RRM measurement.
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