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1 Introduction

Simulation results for SIB transmission to Rel-13 low complexity UEs in normal and enhanced coverage have been presented previously, most recently in [1]. It was shown that frequency hopping was a useful technique to reduce the number of required repetitions for successful reception of system information. The improved frequency diversity when used with a short repetition cycle for the SIB transmission was shown to be similar to the improved time diversity that is a consequence of having a long repetition cycle. In this contribution we further evaluate the possible additional gains of using frequency hopping in combination with long repetition cycle. 

2 Link simulations
The basic simulation assumptions used are the same as presented in [1], repeated here for the reader’s convenience. The short repetition cycle uses 3 SIB transmission and one frequency hop each 10 ms, whereas the long repetition cycle uses 1 SIB transmission and one frequency hop each 20 ms.  
Table 1: Parameters used in SIB link simulations

	Parameter
	Value in SIB simulations

	Number of channel realizations
	1000

	System bandwidth
	10 MHz 

	UE receiver bandwidth
	6 PRBs

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1 (low correlation)

	Channel model
	EPA or ETU

	Doppler spread
	1 Hz 

	Transport block size
	{328, 1000} bits

	Number of  PRBs
	6, hopping between channel edges

	SIB repetition interval
	3 per radio frame / 1 per 20 ms

	PDCCH region
	3 OFDM symbols

	Frequency error
	100 Hz initial (but smaller after AFC)

	HARQ retransmissions
	OFF

	Channel estimation
	Practical

	Frequency hopping interval
	10 ms / 20 ms


The practical channel estimation algorithm is realized with an IIR filter with a time constant corresponding to ~6 subframes. The simulation results are presented in the form of tables indicating the required number of repetitions. The results from [1] are included for comparison. 
Results for normal coverage are shown in Table 2 and Table 3 when using short and long repetition cycles, respectively. Only the results marked in yellow are new, the rest were presented in [1]. In all presented tables, repetitions above 15 and 100 have been rounded towards the closest multiple of 5 and 10, respectively.
Table 2
: Approximate number of required SIB repetitions to achieve desired BLER target at nominal coverage (SNR = -4 dB) with and without frequency hopping using short SIB repetition cycle.

	# bits
	Hopping
	Without frequency hopping
	With frequency hopping

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	328
	20
	60
	9
	30
	8
	30
	7
	15

	1000
	40
	120
	25
	60
	20
	55
	20
	35


Table 3
: Approximate number of required SIB repetitions to achieve desired BLER target at nominal coverage (SNR = -4 dB) with and without frequency hopping using 1 SIB transmission per 20 ms.

	# bits
	Hopping
	Without frequency hopping
	With frequency hopping

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	328
	12
	30
	10
	15
	7
	15
	7
	11

	1000
	30
	50
	25
	40
	15
	30
	15
	25


Similarly, 
Table 4: Approximate number of required SIB repetitions to achieve desired BLER target at MCL = 155.7 dB, corresponding to 15 dB coverage enhancement target (SNR = -14.3 dB) with and without frequency hopping using short SIB repetition cycle. 

	# bits
	Hopping
	Without frequency hopping
	With frequency hopping

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	328
	190
	380
	170
	270
	110
	220
	120
	190

	1000
	350
	590
	340
	580
	220
	360
	250
	380


Table 5: Approximate number of required SIB repetitions to achieve desired BLER target at MCL = 155.7 dB, corresponding to 15 dB coverage enhancement target (SNR = -14.3 dB) with and without frequency hopping using 1 SIB transmission per 20 ms.

	# bits
	Hopping
	Without frequency hopping
	With frequency hopping

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	328
	100
	180
	95
	150
	65
	100
	70
	100

	1000
	220
	300
	220
	300
	160
	230
	170
	240


As can be seen from the tables, frequency hopping is useful also for long repetition cycle. Thus it is possible to combine the time diversity obtained through longer repetition cycle with the frequency diversity obtained through frequency hopping. However, the conclusion from [1] still holds, namely that the total acquisition time is considerably shorter when using shorter repetition cycle. 
3 Conclusions

Simulation results have been presented for frequency hopping using long repetition cycle for SIB transmission, and the new results have been compared with previous results. Based on the presented results we make the following observations.

Observations:
1. Frequency hopping is an effective means for reducing the required number of repetitions for SIB transmission using both short and long repetition interval.  
2. Even with frequency hopping, the total acquisition time is considerable longer when using long repetition cycle 
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