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1 Introduction
Initial simulation results for SIB transmission to Rel-13 low complexity UEs in normal and enhanced coverage were presented in [1], and are updated in this contribution.
2 Link simulations

Simulations have been carried out in order to estimate how many repetitions of system information messages would be required for satisfactory performance. There are some differences compared to the results presented in [1] due to differences in the simulation setup. One problem with the earlier setup was that insufficient statistics for large number of repetitions made the results somewhat unreliable. In this contribution a large number of parallel iterations with different seeds for data and channel realization were used instead. Also, the maximum number of repetitions is now set to be very large such that a successful reception will occur for all transmissions also at the lowest SNR level.
Furthermore, in addition to the sparse SIB repetitions with 20 ms repetition cycle used in the previous contribution, we also provide results here with shorter repetition cycle, namely 3 repetitions per frame. This way it is possible to assess the impact of time diversity. The updated parameter settings are summarized in Table 1 below. 

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
	{152, 328, 504, 1000} bits

	Number of  PRBs
	6 (fixed, arbitrary allocation)

	SIB repetition interval
	{1 or 6} per 20 ms

	PDCCH region
	3 OFDM symbols

	Frequency error
	100 Hz initial (but smaller after AFC)

	HARQ retransmissions
	OFF

	Channel estimation
	Ideal and practical


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. 

Table 2 shows the approximate number of repetitions required to fulfil 1% and 10 % BLER, respectively, when the repetition cycle is 1 SIB transmission per 20 ms. The operating point corresponds to the minimum required SNR in normal coverage, taken from TR 36.888. In all presented tables, repetitions above 15 and 100 have been rounded towards the closest multiple of 5 and 10, respectively. As seen from the table, single antenna receivers such as Rel-13 low complexity UEs require multiple repetitions of the SIB messages also for the smallest SIB message sizes. The EPA channel profile provides less frequency diversity than ETU, thus more repetitions are needed. 

Table 2
: Approximate number of required SIB repetitions to achieve desired BLER target at nominal coverage (SNR = -4 dB) with repetition cycle of 1 SIB transmission per 20 ms.
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

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

	152
	8
	19
	6
	11
	3
	9
	2
	4

	328
	12
	28
	10
	15
	5
	12
	4
	7

	504
	15
	35
	13
	20
	7
	14
	6
	9

	1000
	30
	50
	25
	40
	12
	20
	11
	15


Table 3 shows similar results as Table 2, except that the repetition cycle is shorter, 3 SIB transmissions per frame. One observation is that more repetitions are generally needed with shorter repetition cycle due to the reduced time diversity. This is in particular true for the EPA channel profile, since frequency diversity can somewhat compensate for the lack of time diversity for ETU. Also, the difference is also larger for scenarios that require many repetitions, since the time diversity does not really give a benefit for transmission durations considerable shorter than the channel coherence time. The difference in number of repetitions is up to a factor of 2.4, which is smaller than the factor 6 difference in repetition cycle. In other words, the acquisition time is at least a factor 2.5 larger for the longer repetition factor. If the MTC device is only active for SIB reception, it is possible that it may turn off at least parts of the receiver between the SIB transmissions, which will at least partly compensate for the longer duration from power consumption point of view. 
Table 3
: Approximate number of required SIB repetitions to achieve desired BLER target at nominal coverage (SNR = -4 dB) with repetition cycle of 3 SIB transmission per 10 ms.

	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

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

	152
	11
	45
	5
	15
	3
	9
	2
	4

	328
	20
	60
	9
	30
	5
	15
	3
	7

	504
	25
	75
	14
	35
	6
	20
	5
	9

	1000
	40
	120
	25
	60
	11
	40
	8
	20


Table 4 and Table 5 show the approximate number of repetitions when the operating point is selected at the desired MCL target for devices in coverage enhancement mode. According to the FDD link budget in TR 36.888, this is 10.3 dB below the MCL at nominal coverage for PDSCH, thus the corresponding operating point is at an SNR level of -4-10.3 = -14.3 dB. As seen from the tables, from 90 up to 240 repetitions depending on channel profile and repetition cycle would be required to fulfill 1% performance target already for the smallest studied SIB message size. This will be somewhat reduced if the target is instead 10% BLER, but for the largest message sizes, up to 350 repetitions would still be required. 

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 repetition cycle of 1 SIB transmission per 20 ms.
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

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

	152
	65
	120
	60
	90
	30
	45
	30
	45

	328
	100
	180
	95
	150
	45
	65
	45
	70

	504
	130
	220
	130
	190
	60
	95
	60
	90

	1000
	220
	300
	220
	300
	100
	150
	100
	140


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 repetition cycle of 3 SIB transmission per 10 ms.
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

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

	152
	130
	240
	100
	200
	45
	110
	30
	65

	328
	190
	380
	170
	270
	75
	150
	55
	100

	504
	230
	460
	210
	340
	95
	190
	75
	140

	1000
	350
	590
	340
	580
	140
	240
	125
	200


Observation:
· The simulation results shown in this contribution provide a strong motivation to reduce the amount of system information conveyed to devices operating in enhanced coverage. 
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