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1 Introduction

RAN4 has been tasked to develop the RRM requirements for NB-IOT. The main difference of NB-IOT devices compared to Rel-13 category M1 devices is that the UE bandwidth will be limited to only 1 PRB. There are many similarities to category M1 devices such as 1 Rx, extended coverage and low-cost etc. The NB-IOT devices are expected to support various coverage levels; normal-coverage, extended coverage and extreme coverage. In this contribution we provide initial simulation results on achievable accuracy performance for extended- and extreme coverage class UEs. 
2 Analysis
RRM measurements were discussed briefly at last RAN4 meeting based on [1]. It was discussed that the existing measurement based on CRS signals may not provide acceptable accuracy. Thus new type of measurements based on synchronization signals was discussed. In [2] it was agreed as follows:
	· 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. 
· …



In this section we provide initial simulation results based on assumptions provided below. 
2.1 Simulation parameters
The simulation results presented in this contribution are based on simulation parameters in Table 1.
Table 1: Simulation parameters for Rel-13 MTC RSRP measurement accuracy studies

	Parameters
	Value
	Comments

	Measurement bandwidth
	1 resource blocks
	Both RSRP and RSSI measured over 1 RB

	System bandwidth
	1 resource blocks
	

	L1 measurement period
	200 ms, 400 ms, 800 ms 
	Even further increased measurement period can be considered to evaluate the measurement performance

	Measurement sampling rate
	
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1
	

	Mobility
	Stationary UEs, mobile UEs
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency for stationary UEs: ETU and EPA
	1 Hz and 1 Hz, respectively
	Extended coverage and extreme coverage UEs

	Measurement type
	CRS based,

Synchronization signals based,

Combination of CRS and synchronization signals
	Companies are encouraged to provide simulation results for measurements based on follows signals.

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-20 dB, …, 6 dB
	AWGN noise 

	Frequency error modelling
	+/-50 Hz
	With respect to reference cell

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results

NOTE 2: Companies are requested to provide the details of the RS averaging techniques for interpretation and comparison of the results. 


It is assumed that the extended and extreme coverage UEs are stationary, thus following channel models are used for the simulations:
· AWGN,

· EPA 1Hz, and

· ETU 1Hz, and

It is notable that the same channel model was assumed for Rel-13 eMTC UEs under normal coverage [3]. 
2.2 Existing RSRP accuracy requirements
Existing and generally applicable requirements on measurement performance are captured in TS 36.133 [4] clauses 9.1.2.1 and 9.1.2.2 for absolute and relative accuracy of intra-frequency RSRP, and 9.1.3.1 and 9.1.3.2, respectively, for inter-frequency RSRP. The requirements are summarized in Table 2 below.  
Table 2: Summary of RSRP and RSRQ measurement accuracy requirements UE category ≥ 1
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy
	≥ -6dB


	±4.5 dB

	Intra-frequency relative RSRP accuracy
	> -3dB
	±2 dB

	
	≥ -6 dB
	±3 dB

	Inter-frequency absolute RSRP accuracy
	≥ -6dB


	±4.5 dB

	Inter-frequency relative RSRP accuracy
	≥ -6dB


	±6 dB


A new UE category 0 was introduced in Rel-12, with somewhat relaxed requirements and only for intra-frequency measurements. The corresponding measurement accuracy requirements are captured in TS 36.133 clauses 9.1.13.1 and 9.1.13.2 for absolute and relative intra-frequency RSRP accuracy, respectively. The requirements for category 0 are summarized in Table 3 below.  
Table 3: Summary of RSRP and RSRQ measurement accuracy requirements UE category 0

	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy
	≥ -6dB
	±7 dB

	Intra-frequency relative RSRP accuracy
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB


2.3 RRM Performance Simulations
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Figure 1: RSRP simulation results using CRS signals for AWGN (top figures), EPA1 (middle figures) and ETU1 (bottom figures). The CRS symbols were coherently averaged within each sample and then non-coherently averaged over 5 (left) or 10 averages (right). Indicated requirements are for absolute RSRP accuracy down to SINR -6dB.

The simulation results in Figure 1 show that RSRP measurement based only CRS signals results in very poor measurement accuracy. Each sample used in this CRS-based measurement comprises 12 consecutive subframes, and the CRS reference signals in these subframes are then coherently averaged. In total there are 96 REs containing CRS over the 12 consecutive subframes. It can be recalled that 96 REs were used to carry out the RSRP simulation results for eMTC at enhanced coverage in [4]. The samples are then incoherently averaged over 5 or 10 occurrences. It is expected that the bias experienced in this case are mainly due to frequency error. Although CRS-based measurement was performed over 12 consecutive subframes, the bias could not be reduced to an acceptable level due to frequency error.
It is observed from Figure 1, especially at slowly varying fading channels like EPA1 and ETU1, the bias is too large meaning that measurement becomes very unreliable. This is seen by comparing the blue curve showing the mean value compared to the dotted black-curve that shows the ideal value. This is because the measurement is done over 1 PRB only which is the maximum UE bandwidth for NB-IOT. This can be compared to 6 PRBs for which the legacy RSRP accuracy requirements were derived. Since NB-IOT devices will not support measurement reporting it is expected that the mobility will be quite limited, thus the EPA1 and ETU1 channels could correspond to a realistic scenario. The right part of figure shows the corresponding results when measurement is done over 10 averages instead 5. But the results show that the bias is still too large. Also the fading channel results in Figure 1 shows that the uncertainty in the measurement becomes too large that this CRS based measurement cannot be used in practice. 
· Observation #1: RSRP measurement based on CRS signals over 1 PRB results in very large bias.
Based on the results above it is obvious that a new type of measurement which is not only based on CRS is necessary for NB-IOT. Below we study the RSRP measurement performance using NB-SSS signals. It is assumed that NB-SSS has the same TX power as CRS per RE, and using this assumption measurement is performed similar to CRS-based measurement, i.e. after de-rotating the symbols (multiplication by the conjugate of the NB-SSS signal), they are coherently averaged over all NB-SSS REs (same procedure as for CRS). Note here, only 1 TX scenario was simulated. With 2 TX, NB-SSS power would be split between the 2 antennas, while CRS would be transmitted with full power on single antenna only.
Different design options are currently being discussed in RAN1 for the synchronization signals. Currently two design options are being considered in RAN1, namely low density option and high density option as illustrated in Figure 2 below [5]. In the low density option, NB-PSS are transmitted 4 times every 80 ms while NB-SSS are transmitted two times (in frame #3 and #7) within 80 ms. In the high density option on the other hand, NB-PSS are transmitted in every frame and NB-SSS are transmitted in every odd numbered frame. On subframe level, NB-PSS are transmitted on subframe #4 and #5 and NB-SSS are transmitted on the last subframe on the radio frame. 
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Figure 2: Resource Mapping for the NB-PSS/NB-SSS. The left side shows the resource mapping for the lower density option and the right side shows the same for higher density option [5].
According to the design options above, NB-SSS are transmitted at least every 80 ms. Therefore we have also assumed a sampling frequency of 80 ms for in the simulations. We further assume 9 OFDM symbols containing the synchronization signals over 12 subcarriers. In total 108 REs are coherently averaged in the stand-alone deployment mode. But for in-band deployment mode this number is reduced to 96 since the NB-SSS REs are punctured by the LTE CRS. This can be compared to 48 REs which are available if the measurement is done over CRS signals only. Also here we try to obtain 96 REs to average over (similar to eMTC measurements in [4]). This would correspond to 12 consecutive subframe option in the CRS based measurement presented earlier, i.e. 8 CRS REs in one subframe multiplied by 12). 
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Figure 3: RSRP simulation results using NB-SSS signals for AWGN. The signals were coherently averaged within each sample and then non-coherently averaged over 5 (left) or 10 averages (right). Indicated requirements are for absolute RSRP accuracy down to SINR -6dB.
In comparison to CRS based measurement in Figure 1, the NB-SSS based measurement results in Figure 3 shows that the bias is reduced quite a lot while the variance has shrunk at high SNR for AWGN.  It can also be noted that in the low SNR region (e.g. below -12 dB) both bias and the variances start to increase. Bias can in general be improved by increasing the number of REs used for coherent averaging while the variance is improved by averaging over increased number of samples. This is the effect that we have seen in the results above based on NB-SSS measurement compared to CRS based measurement result in Figure 1. In NB-SSS, there are many more number of REs available for coherent averaging which has resulted in significantly improved bias. It can be seen that the variance has decreased in the low SNR region in the right hand plot in Figure 3 compared to left hand figure, because in Figure incoherent averaging is done over 10 averages instead of 5. Nevertheless, from the right plot of Figure 3, it is seen that 10 in-coherent averages are not sufficient to suppress the bias and variances at in the low SNR region. 
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Figure 4: RSRP simulation results using NB-SSS signals for EPA1 (top figures) and ETU1 (bottom figures). The NB-SSS symbols were coherently averaged within each sample and then non-coherently averaged over 5 (left) or 10 averages (right). Indicated requirements are for absolute RSRP accuracy down to SINR -6dB.

The corresponding results based on NB-SSS signals for the fading channels are shown in Figure 4. One observation is that the spread of the variance is higher also at high SNR for fading channel results compared to AWGN results in Figure 2. There are minor changes in the bias; however, it can be seen that at the bias increases slightly at higher SNR for both EPA1 and ETU1. This is because at high SNR the channel becomes more dominant in the estimate while at low SNR the channel is dominated by the noise. Since both EPA1 and ETU1 are slowly varying channels, this phenomenon becomes visible. 
· Observation #2:  RSRP measurement based on NB-SSS signals over 1 PRB shows that the bias is significantly reduced compared to CRS based measurement, especially for the fading channels (EPA1 and ETU1). The variance, on the other hand, has increased for the NB-SSS based measurement also at the high SNR, and in the low SNR region there is still some uncertainty in the estimate. 
As a way to further improve the measurement accuracy we study the achievable accuracy performance using both NB-SS signal and CRS signal. we are combing CRS and NB-SSS signals for the same measurement, the same number of consecutive subframes as used for NB-SSS only based measurement is not necessary. Instead, we could perform measurement over 6 consecutive subframes, resulting in 48 additional REs for NB-SSS+CRS measurement in comparison to only NB-SSS based measurement. In total there will be 156 REs (108 NB-SSS and 48 CRS) available for measurement. We plan to study the achievable performance using this combination for the next meeting. 
One common observation for all cases above is that the initial simulation results provided in this contribution show that existing measurement accuracy requirements can be reused for NB-IOT devices. 

· Observation #3: The Rel-12 category 0 accuracy requirements can be reused for NB-IOT requirements.
3 Conclusions
We have in this paper presented initial RRM measurement simulation results for extended NB-IOT devices. Firstly, we have studied the achievable measurement performance using legacy CRS signals. From these results we observed that legacy measurement may not work  for NB-IOT devices with UE bandwidth of 1 PRB. Secondly, as a way to improve the measurement performance, we have studied the results using NB-SSS signal based measurement. Thirdly, we studied the measurement accuracy using both NB-SSS and CRS signals. Based on these results and analysis, following observations were made:
· Observation #1: RSRP measurement based on CRS signals over 1 PRB results in very large bias.
· Observation #2:  RSRP measurement based on NB-SSS signals over 1 PRB shows that the bias is significantly reduced compared to CRS based measurement, especially for the fading channels (EPA1 and ETU1). The variance, on the other hand, has increased a slightly for the NB-SSS based measurement, and at even lower SNR values there is still some uncertainty in the estimate. 
· Observation #3: The Rel-12 category 0 accuracy requirements can be reused for NB-IOT requirements.
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