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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#70, a revised NB-IoT WID [1] was approved based on the outcome of the discussions and evaluations in RAN1 [2].
A design of NB-IoT physical broadcast channel (NB-PBCH) is proposed in [3] where two resource mappings were outlined. It was agreed at RAN1 NB-IoT Ad-Hoc meeting that resource mapping 1 should be used for NB-PBCH in all 3 operation modes. This document provides link level evaluation results based on the agreed resource mapping.
Simulation assumptions
The simulation parameters are summarized in Table 1. 
Both zero and non-zero sampling frequency offsets (SFOs) are assumed. This is to investigate the potential performance loss due to the non-ideal SFO estimation caused by the extra carrier frequency offset (CFO) introduced by channel raster, see [4].
[bookmark: _Ref430783054]Table 1: Simulation parameters
	Parameter
	Value

	Frequency band
	900 MHz

	Channel model
	TU

	Doppler spread
	1 Hz

	Interference/noise
	Sensitivity

	Antenna configuration
	2T1R

	Cyclic prefix
	Normal

	Timing uncertainty
	-2.6 us, or +2.6 us drawn with equal probability for each realization.

	Carrier frequency offset (CFO)
	-50 Hz, or 50 Hz drawn with equal probability for each realization. 

	Sampling frequency offset (SFO)
	0 ppm, 2.8 ppm, 8.3 ppm

	Channel estimation
	Based on NB-RS. See [5].

	Note: see section 5 of [3] for the definition of resource mapping 1 and 2.



Two non-ideal SFO cases are considered:
Case 1. SFO starting at NB-PBCH TTI boundary. In this case the synchronization is assumed to be successful at the point in time close to the NB-PBCH TTI boundary, and so the SFO is only applied at the NB-PBCH TTI boundary.
Case 2. SFO starting at random time. This is a more realistic case where there is a random time offset ([0:16]*40 ms) after synchronization and before the NB-PBCH TTI boundary.

The 2.8 ppm and 8.3 ppm values of SFO are chosen to match those in [4], being the minimum offsets from a 100 kHz channel raster for even and odd LTE system bandwidths () respectively.
Simulation results
The NB-PBCH block error rates are shown for simulation cases 1 in Figure 1 and case 2 in Figure 2. In both cases the performance is compared against the ideal SFO case (i.e. SFO = 0 ppm).
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[bookmark: _Ref438667826]Figure 1: NB-PBCH performance, SFO starting at NB-PBCH TTI boundary
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[bookmark: _Ref438667834]Figure 2: NB-PBCH performance, SFO starting at random time
[bookmark: _Ref129681832]
The MCL with ideal SFO estimation is calculated in Table 2. 
[bookmark: _Ref438667907]Table 2: Coverage evaluation for NB-PBCH, ideal SFO estimation
	
	NB-PBCH

	Data rate (kbps) above SNDCP
	 

	Transmitter
	 

	Max Tx power (dBm)
	46

	(1) Actual Tx power (dBm)
	35

	Receiver
	 

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	180,000

	(6) Effective noise power= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.4

	(7) Required SINR (dB)
	-12.6

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-129.0

	(9) Rx processing gain (dB)
	0

	(10) MCL  = (1) - (8) + (9) (dB)
	164.0



The MCLs for all simulation cases are summarized in Table 3. The BLERs for all simulation cases are summarized in Table 4. 
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[bookmark: _Ref438713305]Table 3: Summary of MCL (in dB) for different SFO estimation assumptions
	
	NB-PBCH

	SFO = 0 ppm (ideal SFO estimation)
	164.0

	SFO = 2.8 ppm, SFO starting at NB-PBCH TTI boundary
	161.7

	SFO = 8.3 ppm, SFO starting at NB-PBCH TTI boundary
	157.5

	SFO = 2.8 ppm, SFO starting at random time
	158.1

	SFO = 8.3 ppm, SFO starting at random time
	<148.4


 




[bookmark: _Ref441672830]Table 4: Summary of BLER at 164dB MCL for different SFO estimation assumptions
	
	NB-PBCH

	SFO = 0 ppm (ideal SFO estimation)
	10%

	SFO = 2.8 ppm, SFO starting at NB-PBCH TTI boundary
	23.3%

	SFO = 8.3 ppm, SFO starting at NB-PBCH TTI boundary
	47.3%

	SFO = 2.8 ppm, SFO starting at random time
	33.9%

	SFO = 8.3 ppm, SFO starting at random time
	63.1%


Discussions
Table 3 shows that with ideal SFO estimation, the target MCL of 164 dB for NB-PBCH is achieved.
However, once non-ideal SFO estimation is assumed, the achieved MCL is always lower than 164 dB, with a gap up to 15+ dB which is very difficult to recover by optimizing the NB-PBCH design. Further, as shown in Table 4, even if SFO is assumed to start at NB-PBCH TTI boundary, the BLER at 164 dB MCL is over 20% (with 2.8 ppm SFO) or even over 40% (with 8.3 ppm SFO). The difference between ideal SFO estimation and non-ideal SFO estimation is that, with ideal SFO estimation the BLER significantly decreases as the number of combinations increases (e.g. two combinations result in BLER =10%*10%=1%), while with non-ideal SFO estimation, the BLER increases as the number of combination increases because the SFO also increases with time.
As suggested in [4], appropriate design of channel raster allows such degradation to be avoided if the misalignment between the center frequency of the NB-IoT carrier and the 100 kHz channel raster is known by the UE prior to NB-PBCH demodulation.
Conclusions
In this contribution, the NB-PBCH design in [3] is evaluated at link level, taking account of different SFO estimation assumptions. It can be seen that the target MCL of 164 dB can be achieved with ideal SFO estimation but cannot be achieved with non-ideal SFO estimation. The problem of non-ideal SFO estimation can be solved by indicating the misalignment between the center frequency of the NB-IoT carrier and the 100 kHz channel raster to the UE before the UE performs NB-PBCH demodulation.
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