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1 Introduction
For RSRP/RSRQ measurement, the following two options are being discussed in RAN4: 

· measurement based on NB-SSS, and,

· measurement based on NB-RS. 

In this contribution, we provide initial simulation results for RSRP/RSRQ measurement based on NB-RS for NB-IoT. 

2 RSRP/RSRQ measurement for NB-IoT
According to [1],  NB-RS is to be used as baseline for simulation only in RAN4. 
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 [2], subframe#9 in every frame should be used for NB-SSS. In this case, when NB-RS is utilized for RSRP/RSRQ measurement, a NB-IoT UE can measure NB-RS based on the following assumptions:
· 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.
Based on simulation assumptions of RSRP/RSRQ measurement [1], we have evaluated RSRP/RSRQ measurement for the following two cases (assuming that NB-RS and CRS have the same power): measurement based on NB-RS once every 10 ms over 200 ms in non-DRX status; and reusing the existing E-UTRAN measurement for CRS in non-DRX status which is measured once every 40 ms over 200 ms duration. From simulation results under AWGN channel in Figure 1, it can be observed that RSRP/RSRQ measurement based on NB-RS once every 10 ms has better performance than CRS based RSRP/RSRQ measurement under the same SNR level. From simulation results under EPA1 channel in Figure 2, it can be observed that RSRP/RSRQ measurement based on NB-RS once every 10 ms has a little worse performance than CRS based RSRP/RSRQ measurement under the same SNR level. For NB-IoT, the measurement performance loss due to reduced measurement bandwidth can be compensated by much more available measurement subframes.
[image: image1.emf]-2 0 2 4 6 8 10 12

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RRM Meas|2Tx 1 Rx|AWGN

Delta RSRP[dB]

CDF

 

 

NBRS,1PRB, Meas Period=200ms,number of meas subframe=20

CRS,  6PRB, Meas Period=200ms,number of Meas Subframe=5


Figure 1 The performance of NB-RS based RSRP/RSRQ measurement under AWGN channel 
(SNR = -20 dB)
[image: image2.emf]-4 -2 0 2 4 6 8 10 12 14 16

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RRM Meas|2Tx 1Rx|EPA1

Delta RSRP[dB]

CDF

 

 

NBRS,1PRB,Meas Period=200ms,number of meas subframe=20

CRS,6PRB, Meas Period=200ms,number of meas subframe=5


Figure 2  The performance of NB-RS based RSRP/RSRQ measurement under EPA1 channel 
(SNR = -20 dB)

For neighboring cell’s RSRP/RSRQ measurement, a NB-IoT UE assumes that NB-RS is transmitted in subframe#0 in every frame for Option 1 while assuming that NB-RS is transmitted in subframe#0 and subframe#4 for Option 2. Based on the simulation assumptions of RSRP/RSRQ measurement [1], Figure 3 and Figure 4 shows simulation results of RSRP/RSRQ measurement for the following three cases in non-DRX status:
· Measurement based on NB-RS which is measured once every 10 ms over 200 ms (Option 1);

· Measurement based on NB-RS which is measured twice every 10 ms over 200 ms (Option 2);

· Measurement based on CRS which is measured once every 40 ms over 200 ms.
From the simulation results in Figure 3 and Figure 4, it can be observed that Option 2 has better performance than Option 1 and measurement based on CRS. For NB-IoT, NB-RS based RSRP/RSRQ measurement with higher density of NB-RS can improve the measurement performance.
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  Figure 3 The performance of NB-RS based RSRP/RSRQ measurements for different cases under AWGN channel (SNR = -20 dB)
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Figure 4  The performance of NB-RS based RSRP/RSRQ measurements for different cases under EPA1 channel 

(SNR = -20 dB)
When performance target for RSRP/RSRQ measurement can be achieved based on Option 1, Option 1 would be preferable due to minimum impact on LTE transmission; otherwise, Option 2 is preferable.
Proposal 1: When NB-RS is used for RSRP/RSRQ measurement, a NB-IoT UE assumes that NB-RS is transmitted in subframe #0 in every frame if performance target of RSRP/RSRQ measurement can be achieved. Otherwise, a NB-IoT UE assumes that NB-RS is transmitted in subframe #0 and subframe #4 of every frame.
3 Conclusions
In this contribution, we have discussed DL measurement for NB-IoT. We make the following proposals:

Proposal 1: When NB-RS is used for RSRP/RSRQ measurement, a NB-IoT UE assumes that NB-RS is transmitted in subframe #0 in every frame if performance target of RSRP/RSRQ measurement can be achieved. Otherwise, a NB-IoT UE assumes that NB-RS is transmitted in subframe #0 and subframe #4 of every frame.
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