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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 simulation results on achievable accuracy performance for stationary UEs based on the simulation assumptions that were agreed in [1]. 
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 1: 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

	Intra-frequency absolute RSRQ accuracy
	> -3dB
	±2.5 dB

	
	≥ -6dB
	±3.5 dB

	Inter-frequency absolute RSRQ accuracy
	> -3dB
	±2.5 dB

	
	≥ -6dB
	±3.5 dB

	Inter-frequency relative RSRQ accuracy
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 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 2 below.  

Table 2: 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

	Intra-frequency absolute RSRQ accuracy
	> -3dB
	±3.5 dB

	
	≥ -6dB
	±4.5 dB


Table 3: Summary of RSRP measurement accuracy requirements UE category M1
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute RSRP accuracy, normal coverage
	≥ -6dB
	±7 dB

	Intra-frequency relative RSRP accuracy, normal coverage
	> -3dB
	±3 dB

	
	≥ -6dB
	±4 dB

	Intra-frequency absolute RSRP accuracy, enhanced coverage
	≥-12dB
	±7 dB

	
	-15< Ês/Iot ≥ -12dB
	±8 dB

	Intra-frequency relative RSRP accuracy, enhanced coverage
	> -12 dB
	±4 dB

	
	-15< Ês/Iot ≥ -12dB
	±5 dB


3 Simulation assumptions
At last RAN4#78 meeting the simulation assumptions for RRM measurements were agreed [1]. In table below we highlight the relevant part of assumptions:
Table 1: Simulation parameters for NB-IOT measurement accuracy studies
	Parameters
	Value
	Comments

	Measurement bandwidth
	1 resource blocks
	Both RSRP and RSRQ 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
	

	Antenna configuration
	In-band

Guard-band
	2TX, 1RX
	Puncturing of NB-PSS and NB-SSS in in-band operation when colliding with 2TX CRS pattern

	
	Stand-alone
	1TX, 1RX
	

	Power boosting for NB-IOT
	In-band

Guard-band
	0 dB, 6 dB
	NB-IoT is transmitted at 0dB or 6dB higher power than the MBB LTE cell to which it is associated.

	
	Stand-alone
	N/A
	

	Mobility
	Stationary UEs, 
	

	Channel model
	AWGN, ETU 1Hz, EPA 1Hz
	Models stationary device

	Measurement type
	NB-RS only based,

Synchronization signals only based (NB-SSS),

Combination of NB-RS and synchronization signals (NB-SSS)
	Companies are encouraged to provide simulation results for measurements based on follows signals. NB-RS is to be used as baseline for simulation only.  



	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-20 dB, …, 10 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. 


3.1 RRM Performance Simulation Results
The simulation results provided below are for the in-band deployed cells assuming majority view design option of NB-SS in RAN1. 
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Figure 1: RSRP simulation results using NB-SSS signals are shown in top Figures a-c and results using NB-RS signals are shown in bottom Figures d-f for measurement period of 200, 400 and 800 respectively for AWGN channel. 
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Figure 2: RSRP simulation results using NB-SSS signals are shown in top Figures a-c and results using NB-RS signals are shown in bottom Figures d-f for measurement period of 200, 400 and 800 respectively for EPA 1Hz channel. 
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Figure 3: RSRP simulation results using NB-SSS signals are shown in top Figures a-c and results using NB-RS signals are shown in bottom Figures d-f for measurement period of 200, 400 and 800 respectively for ETU 1Hz channel. 
The simulation results in Figure 1-d through Figure 1-f show that RSRP measurement based only NB-RS signals results in very poor measurement accuracy. In these results NB-RS are sampled in every radio frame and the resource elements in one single subframe are then used for coherent averaging. The reason only 1 subframe is obtained in each sample is because the RAN1 is currently considering that NB-RS is only transmitted in one of the subframe in a radio frame. This means that only 8 resource elements are available for coherent averaging. The results in Figure 1 show that a measurement based on NB-RS over 1 subframe is not sufficient to suppress the bias. The results in Figure 1-e and 1-f show the results for increased measurement period (400 ms and 800 ms) which allows the UE to obtain more samples. But this still does not improve the accuracy much.

The simulation results based on NB-SSS are shown in Figure 1-a to 1-c where a clear significant improvement is seen compared to NB-RS based measurement. Figure 2 and 3 show the corresponding results for the fading channels EPA1 and ETU1 respectively. The samples containing NB-SSS are taken every 20 ms which is possible assuming the majority view NB-SSS design option in RAN1 [2]. 
It is observed that the bias can be kept below the existing threshold of +/- 7 dB down to -20 dB SNR, see the orange mean curve compared to the blue theoretical value curve. The reason for this improvement is that the NB-SSS are much denser than NB-RS. In each sample containing NB-SSS up to 9 OFDM symbols are available for coherent averaging. With this design a total of 108 REs are available coherent averaging 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 8 REs which are available if the measurement is done over NB-RS signals only.  Therefore the bias can be significantly improved when the measurements are performed over the NB-SSS signals. It can be further noted that increase of measurement period which allows the UE to obtain more samples does not reduce the bias very much. This is because bias can be reduced with more number of REs are used for coherent averaging while non-coherent averaging will reduce the variance only.  
Furthermore, it can be seen from Figure 2 and 3 that there is a difference between the mean curve and the theoretical curve at high SNR which is not the case for AWGN. This is mainly because the channel is more varying for EPA and ETU and thus at high SNR, the channel becomes more visible.
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Figure 4: RSRQ simulation results using NB-SSS signals are shown in top Figures a-c and results using NB-RS signals are shown in bottom Figures d-f for measurement period of 200, 400 and 800 respectively for AWGN channel. 
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Figure 5: RSRQ simulation results using NB-SSS signals are shown in top Figures a-c and results using NB-RS signals are shown in bottom Figures d-f for measurement period of 200, 400 and 800 respectively for EPA 1Hz channel. 
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Figure 6: RSRQ simulation results using NB-SSS signals are shown in top Figures a-c and results using NB-RS signals are shown in bottom Figures d-f for measurement period of 200, 400 and 800 respectively for ETU 1Hz channel. 
The simulation results in Figure 4 through Figure 6 show the RSRQ simulation results for AWGN, EPA1 and ETU1 channels for different measurement period. Also these results show that the measurement performance is severely degraded when it is performed over NB-RS. But looking at the NB-SSS based RSRQ result it is seen that the tolerance is within the Rel-12 UE category 0 requirements, which is +/- 4.5 dB, down to -20 dB SNR in both EPA1 and ETU1 channels. Thus it is possible to reuse this RSRQ requirement. 
Based on the results and discussions above, we make the following observation and proposal:

· Observation 1: Significant RRM measurement performance degradation is observed when measurements are performed over NB-RS compared to NB-SSS in stationary scenarios.
· Proposal #1: Rel-12 category 0 or Rel-13 eMTC category M1 CE mode A RSRP requirement are possible to reuse for NB-IOT when measurement is performed over NB-SSS signals. 
· Proposal #2: Rel-12 category 0 RSRQ requirement are possible to reuse for NB-IOT when measurement is performed over NB-SSS signals. 
· Proposal #3: The RRM measurement period is defined as 200 ms provided the measurements are performed over NB-SSS with 20 ms periodicity.
It is noteworthy that as per the latest RAN1 agreement 11 symbols are used for NB-SSS. This will further improve the measurement performance compared to the results shown in this contribution which based on 9 symbols.
4 Conclusions
We have in this paper presented RRM measurement simulation results for normal coverage NB-IOT devices based on the simulation assumptions agreed at last RAN4 meeting. The simulations in NB-SSS are based on the majority view proposal in RAN1. Based on the results and discussions, we have made the following observation and proposals:
· Observation 1: Significant RRM measurement performance degradation is observed when measurements are performed over NB-RS compared to NB-SSS in stationary scenarios.
· Proposal #1: Rel-12 category 0 or Rel-13 eMTC category M1 CE mode A RSRP requirement are possible to reuse for NB-IOT when measurement is performed over NB-SSS signals. 
· Proposal #2: Rel-12 category 0 RSRQ requirement are possible to reuse for NB-IOT when measurement is performed over NB-SSS signals. 
· Proposal #3: The RRM measurement period is defined as 200 ms provided the measurements are performed over NB-SSS with 20 ms periodicity.
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