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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 mobile 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
RAN4 agreed at last meeting to specify the requirements based on the worst case results, i.e. the NB-RS based NRSRP and NRSRQ measurements [1]. This is supposed to be the minimum requirements. However, the UE is of course allowed to perform NRSRP and NRSRQ measurements using either NB-RS or NB-SSS, or a combination of these signals. This means that, if UE can meet the requirements derived for the NB-RS, then the UE should be able to meet the same requirements if it measures on NB-SSS or a combination of NB-RS and NB-SSS. Therefore, in this section we only provide the results for the NB-RS. 
The revised simulation assumptions in [1] includes multiple possible values of measurement period, sample duration and sampling rate. Analyzing the simulation performance for all these combinations is time-consuming, but also not necessary since RAN4 is to specify the minimum requirements. Therefore it is sufficient to study the measurement performance for the minimum UE configuration. Thus we limit the scope by focusing on the results assuming measurement period of 800 ms, and maximum number of consecutive subframes that can be used for coherent averaging to 3. Simulation results are shown for NRSRP and NRSRQ measurements when NB-RS and NB-SSS are used for measurements. It is notable that the same measurement period was also used for Rel-13 eMTC CE mode B, i.e. down to -15 dB SNR.  
3.1.1 EPA 5 Hz channel results
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Figure 1: NRSRP and NRSRQ simulation results using NB-RS signals and NB-SSS signals are shown for EPA 5 Hz channel when coherent averaging is performed over 3 of consecutive subframes over measurement period of 800 ms. 

3.1.2 ETU 30 Hz channel results
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Figure 2: NRSRP and NRSRQ simulation results using NB-RS signals and NB-SSS signals are shown for ETU 30 Hz channel when coherent averaging is performed over 3 of consecutive subframes over measurement period of 800 ms. 

3.1.3 Impact of increased measurement period
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Figure 3: NRSRP and NRSRQ simulation results using NB-RS signals and NB-SSS signals are shown for EPA 5 Hz channel when coherent averaging is performed over 3 of consecutive subframes over measurement period of 800 ms. 

In Figure 3, we have provided the NRSRP and NRSRQ simulation results for one the fading channels (EPA 1 Hz) with the aim to understand the how much the accuracy can be improved with increased measurement period. We see little impact on the estimated measurements as increased measurement period will only increase number of non-coherent averages which will only help reducing the variance, and not the bias. These figures show that the variance (the distance between 5th-%-ile and 95th-%-ile are reduced with increased measurement period.   
3.1.4 Summary of results
Compared to our companion paper which contains the simulation results for stationary scenario, it is seen that the overall trend of the results is the same. Based on the provided simulation results in previous sections, following observations are made:

· Observation 1: Significant RRM measurement performance degradation is observed in lower SNR region (e.g. ≤-10 dB) when measurements are performed over NB-RS instead to NB-SSS in stationary scenarios in static channel.
· Observation 2: When measurements are performed over NB-SSS, bias can be maintained under the acceptable levels or under existing measurement requirements even at SNR levels below -15 dB. 
· Observation #3: The intra-frequency absolute NRSRP and NRSRQ requirements for NB-IoT can be reused from Rel-12 category 0 UE down to -15 dB SNR in static channel. 

· Observation #4: Strong relation between achievable measurement accuracy and the coverage mode of UE (SNR). 
· Observation #5: Increase of measurement period has very little impact on achievable measurement performance. 
4 Conclusions
We have in this paper presented updated RRM measurement simulation results for NB-IOT devices based on the simulation assumptions agreed at last RAN4 meeting. We have provided NRSRP and NRSRQ measurement results assuming both NB-RS and NB-SSS based measurements for mobile scenario. Based on the simulation results, we have made the following observations:
· Observation 1: Significant RRM measurement performance degradation is observed in lower SNR region (e.g. ≤-10 dB) when measurements are performed over NB-RS instead of NB-SSS in stationary scenarios in static channel.
· Observation 2: When measurements are performed over NB-SSS, bias can be maintained under the acceptable levels or under existing measurement requirements even at SNR levels below -15 dB. 
· Observation #3: The intra-frequency absolute NRSRP and NRSRQ requirements for NB-IoT can be reused from Rel-12 category 0 UE down to -15 dB SNR in static channel. 

· Observation #4: Strong relation between achievable measurement accuracy and the coverage mode of UE (SNR).
· Observation #5: Increase of measurement period has very little impact on achievable measurement performance. 
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