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Introduction
In [1], SIB/RAR/Paging performance results at cell edge (SNR = -4dB) were provided. In this contribution, we provide SIB performance results at MCL of 155.7 dB corresponding to the 15 dB coverage enhancement level. 
2
SIB Performance
Figure 1 - Figure 16 show link-level performance of the SIB for a 10MHz FDD system. The PDSCH is transmitted using localized transmission with 6 PRBs. Cross-subframe channel estimation (filter length of 3 subframes) is used. At MCL of 155.7 dB corresponding to the 15 dB coverage enhancement level, the SNR of the PDSCH is -14.2 dB assuming 10MHz system bandwidth, 6 PRB transmission and eNB power of 46 dBm (i.e. actual transmit power of 36.8 dBm in 6 PRBs) [2]. Simulation assumptions can be found in [3].
Table 1 summarizes the estimated number of transmissions (i.e. subframes) required for SIBs of four different sizes up to 1000 bits. Note that each transmission uses 6 contiguous PRBs. 

Table 1. Approximate number of transmissions (subframes) required – 6 PRBs, 1Rx antenna, SNR = -14.2dB, cross-subframe channel estimation using filter length of 3 subframes.
	SIB size 

(bits)
	EPA1
	ETU1

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

	152
	240
	64
	128
	50

	328 
	480
	160
	250
	110

	504
	520
	220
	480
	220

	1000
	800
	480
	700
	400


Table 2 shows the performance for a reference UE with 2 Rx antennas. It is seen that performance is significantly better due to gain from receiver combining and receiver diversity. 
Table 2. Approximate number of transmissions (subframes) required – 6 PRBs, 2Rx antennas, SNR = -14.2dB, cross-subframe channel estimation using filter length of 3 subframes.
	SIB size 

(bits)
	EPA1
	ETU1

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

	152
	50
	20
	32
	18

	328 
	120
	50
	64
	32

	504
	160
	64
	100
	60

	1000
	310
	130
	180
	100


From the tables, it is seen that the number of repetitions increases with the SIB size.In addition, the number of repetitions can be very high for LC-MTC UE with 1Rx antenna – e.g. roughly 480 repetitions are required for SIB size of 328 bits to achieve 1% BLER (EPA1 channel). Therefore, performance enhancement techniques such as PSD boosting should be considered in addition to cross-subframe channel estimation. In addition, it would be helpful to minimize the SIB size for UEs in coverage enhancement as much as possible.
Observation 1: The number of repetitions can be very high and increases with the SIB size. 
However, as shown in the tables, for a given SIB size, it is generally more efficient to use one SIB for transmission rather than breaking up the SIB content into multiple small SIBs. This is due to the Turbo coding gain with larger packet sizes as well as from the slight reduction in CRC overhead. Note that some SI content may be optional to LC-MTC UEs (e.g. mobility-related information) and therefore should be in a separate SIB.
Observation 2: For a given SIB size, it is generally more efficient to use one SIB rather than multiple smaller SIBs.

Note that the results shown in Table 1 and Table 2 can be improved using enhancement techniques such as PSD boosting and longer channel estimation filter length. Figure 17 - Figure 20 show link-level performance with cross-subframe channel estimation using filter length of 6 subframes (instead of 3 subframes). Table 3 shows the improvement in the required number of repetitions. However, it should be noted that, the above observations remain valid even with improved performance.
Table 3. Approximate number of transmissions (subframes) required – 6 PRBs, 1Rx antenna, SNR = -14.2dB, cross-subframe channel estimation using filter length of 3 or 6 subframes.
	SIB size 

(bits)
	EPA1, cross-subframe channel estimation (3SF)
	EPA1, cross-subframe channel estimation (6SF)

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

	152
	240
	64
	150
	40

	328 
	480
	160
	300
	110

	504
	520
	220
	380
	128

	1000
	800
	480
	660
	260


5
Conclusion
In this contribution, we provide SIB performance results at MCL of 155.7 dB corresponding to the 15 dB coverage enhancement level. The following observations may be made regarding SIB performance at this coverage level –
Observation 1: The number of repetitions can be very high and increases with the SIB size. 
Observation 2: For a given SIB size, it is generally more efficient to use one SIB rather than multiple smaller SIBs.
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Figure 1. PDSCH – 152bits, EPA1, 2Tx-1Rx.
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Figure 2. PDSCH – 328bits, EPA1, 2Tx-1Rx.
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Figure 3. PDSCH – 504bits, EPA1, 2Tx-1Rx.
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Figure 4. PDSCH – 1000bits, EPA1, 2Tx-1Rx.
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Figure 5. PDSCH – 152bits, ETU1, 2Tx-1Rx.
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Figure 6. PDSCH – 328bits, ETU1, 2Tx-1Rx.
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Figure 7. PDSCH – 504bits, ETU1, 2Tx-1Rx.
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Figure 8. PDSCH – 1000bits, ETU1, 2Tx-1Rx.
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Figure 9. PDSCH – 152bits, EPA1, 2Tx-2Rx.
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Figure 10. PDSCH – 328bits, EPA1, 2Tx-2Rx.
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Figure 11. PDSCH – 504bits, EPA1, 2Tx-2Rx.
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Figure 12. PDSCH – 1000bits, EPA1, 2Tx-2Rx.
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Figure 13. PDSCH – 152bits, ETU1, 2Tx-2Rx.
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Figure 14. PDSCH – 328bits, ETU1, 2Tx-2Rx.
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Figure 15. PDSCH – 504bits, ETU1, 2Tx-2Rx.
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Figure 16. PDSCH – 1000bits, ETU1, 2Tx-2Rx.
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Figure 17. PDSCH – 152bits, EPA1, 2Tx-1Rx, 6SF ChEst.
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Figure 18. PDSCH – 328bits, EPA1, 2Tx-1Rx, 6SF ChEst.
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Figure 19. PDSCH – 504bits, EPA1, 2Tx-1Rx, 6SF ChEst.
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Figure 20. PDSCH – 1000bits, EPA1, 2Tx-1Rx, 6SF ChEst.
























































































