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1
Introduction
NB-IoT physical layer design will be different from LTE, which affects the very basic cell detection and measurement requirements defined in RAN4. In [6 – 8, 10] examples of the NB-IoT physical design for NB-IoT is given – and although RAN1 has not yet agreed on the details – the NB-IoT synchronization and reference signal details are currently considered for the envisioned NB-IoT operation modes, that is in-band, guard band and stand-alone. 

In this contribution, we present initial link performance for measurements based on results using 1 PRB LTE CRS design as baseline.
2
Discussion
RAN1 decided in the Budapest AH meeting that the NB-RS is unconditionally present in all deployment scenarios – stand-alone, guard-band and in-band deployments scenarios. The details of the NB-CRS pattern are still under discussion in RAN1. 
Without going into the RAN1 discussion regarding the design of the NB-RS, one could think that in order not to reduce the channel estimation and measurement performance more than what it will be due to the reduced bandwidth, the number of reference symbols available for measurement cannot be reduced significantly compared to what is available in E-UTRAN today. Additionally one can expect that in order not to create significant overhead from reference signals, the amount of NB-RS signals will likely not increase significantly compared to what is known from E-UTRAN either. 

Based on this assumption we have made initial link level simulations in order to try to get preliminary results regrading which kind of measurement performance we might expect from the coming NB-IoT. We have used existing E-UTRAN CRS design as a baseline and 1 PRB measurement bandwidth for NB-IoT assuming NB-RS being present in every subframe.

3
Measurement performance
NB-IoT includes three different deployment scenarios namely in-band, Guard-band and stand-alone deployment. Each scenario will possibly present different conditions for the UE e.g., when it comes to expected interference levels. This could have impact on the UE cell detection times and measurements. As discussed in Budapest AH this could in the end lead to the need for different requirements for different deployment scenarios, if there significant differences in the agreeable requirements are observed [11]. 

In the following simulation results, we have used existing E-UTRAN CRS design and limited the measurement bandwidth to 1 PRB for NB-IoT and looked at the measurements at different SNR levels between 0 dB and -15dB in steps of 5 dB. This SNR range should cover both stand-alone and in-band scenarios. Furthermore, as it could be interesting to understand the performance in light of existing requirements, we have compared the achievable accuracy to 6 RPB measurement bandwidth that is used as the basis of current minimum requirements. The used simulation assumptions are given in Table 1. The used assumptions differ in some cases from the ones used in RAN1, like for timing uncertainty and residual frequency offset. These uncertainties are set in RAN1 to a non-zero value (±2.6us for timing and ±50Hz for frequency offset), while in the simulations presented in this paper both are set to 0. It is good to note that setting these to 0 is not probably a feasible assumption as a baseline for the minimum requirements, especially when considering the target of achieving low device cost and power consumption.  What values to use in RAN4 will depend of course final RAN1 design, and should be discussed in due time. Like noted in these simulations, for example the residual frequency error is set to 0Hz, but averaging in each sample is restricted to minimum. It could be considered that assumption of semi static devices would allow increasing this to some extent, limited by the residual frequency drift.
Following Figure 1 shows the RSRP estimate error when using existing E-UTRAN measurement assumptions in non-DRX of measuring every 40ms and averaging over 200ms (e.g. 5 samples). With lower SNR levels increased bias due to noise power is seen for 1RPB case, resulting from the reduced averaging compared to 6PRBs. How much increased averaging could compensate this would depend on the assumed coherence time of the received signal.
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Figure 1. RSRP estimation error using E-UTRAN CRS and measurement BW of 6 PRBs and 1 PRB.
In the Figure 2 we show the delta in measured RSRP error when using 1 PRB and 6 PRB measurement bandwidth. Considering the 0dB SNR case, it can be seen that the loss in accuracy falls within 2dB ~90% of the time while for -5dB SNR the accuracy degradation is in order of 4dB.  With lower SNR level the noise power starts to bias the attained result, as could be expected, limiting the achievable accuracy with short averaging. 
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Figure 2. Delta between 1PRB RSRP and 6PRB RSRP using E-UTRAN CRS.
Table 1: Link-level simulation assumptions 
	Parameter
	Value

	Measurement bandwidth
	180 kHz (1 PRB)  and 1080Khz (6PRBs)

	Measurement period
	5 samples

	Frequency band
	[2000] MHz

	Propagation channel model
	AWGN

	Antenna configuration 
	1Tx, 1Rx 

	Frequency error
	+/- [0] kHz 

	SNR
	TBD1

	Timing error
	 +/- [0] us

	
	

	NOTE1: The SNR point realization will depend on the assumed eNB transmit power and possible boosting and can be different for different signals. A SNR range {-15,-10,-5,0} has been assumed here.


From the results, we can see that – as expected – the performance degrades significantly when going from 6 PRB measurement bandwidth to 1 PRB. The performance degradation is biggest at lowest SNR level. How to address this performance degradation is open but as stated in the WF [11] in Budapest meeting one way is first to identify which of the signals are feasible for RRM measurements based on the RAN1 design. Once the RAN1 design is stable RAN4 can begin this work.
3
Conclusion
In this contribution, we have been discussing basic measurements in NB-IoT and presented some initial measurement performance simulation results for NB-IoT at different SNR levels.
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