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1 Introduction

The following working assumptions were made regarding the maximum TBS of broadcast transmission for Rel-13 low complexity UEs at the RAN1 #78bis meeting [1]:
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

Subsequently, at the RAN1 #79 meeting, the following observations were being made [2]:
· RAN1 has considered the performance of SIB for Rel-13 low-complexity UE

· Simulation scenario – 10MHz system bandwidth, 1Rx antenna, 6 PRBs, EPA (1 Hz) channel, 1% BLER target
· RAN1 did not consider coverage enhancement techniques except for repetition techniques
· Based on simulation results provided in RAN1#79, it is seen that, for Rel-13 low complexity UE in normal coverage (SNR = -4dB)

· Repetition is required to transmit SIB messages

· The number of repetitions can be high

· e.g.  16-32 repetitions are required for SIB size of 328 bits

· The number of repetitions increases with the SIB size

· e.g.  16-32 repetitions are required for SIB size of 328 bits, 30-40 repetitions are required SIB size of 504 bits

· For a given SIB size, FFS whether it may be more efficient to use one SIB rather than multiple smaller SIBs

· [e.g. 40-80 repetitions are required for SIB size of 1000 bits, while 30-40 repetitions are required for SIB size of 504 bits]
· Based on simulation results provided in RAN1#79, it is seen that, for Rel-13 low complexity UE in enhanced coverage (SNR = -14.3 dB)

· The number of repetitions can be very high

· e.g.  150 repetitions are required for SIB size of 328 bits

· The number of repetitions increases with the SIB size

· [e.g.  100 repetitions are required for SIB size of 152 bits, 150 repetitions are required SIB size of 328 bits]
· For a given SIB size, FFS whether it may be more efficient to use one SIB rather than multiple smaller SIBs

· Note that SIB results for UE in enhanced coverage are only from one company, so above observation for UE in enhanced coverage is based on a preliminary RAN1 evaluation results and RAN1 will continue to evaluate it
· RAN1 will evaluate SIB results for UE in enhanced coverage until 15th January, 2015 – Johan (Ericsson)
In this contribution, we present evaluation results for SIB performance in normal and enhanced coverage, and share our views based on the results of the analysis.
2 SIB Performance in Normal and Enhanced Coverage
In this Section, we present SIB performance results in terms of the number of repetitions needed to achieve 10% and 1% BLER at -4dB (normal coverage) and -14.3dB (enhanced coverage). Three different SIB sizes were considered for the evaluations: 328 bits, 504 bits, and 1000 bits. A single reception antenna is assumed at the MTC UE and each SIB transmission is assumed to occupy 6 PRBs in frequency. 

In the simulations, realistic cross-subframe channel estimation is performed across two adjacent subframes. In each subframe, it is assumed all available MTC resources after a fixed legacy control region (CFI = 3 for 10MHz system bandwidth) are allocated for SIB transmission.
For the retransmissions, similar to SIB1 transmission, a redundancy version (RV) pattern of {0 2 3 1} is assumed. The potential benefits from frequency and time diversity are investigated in these simulations. For time diversity, similar to SIB1 blind retransmission periodicity, 20ms gaps are considered between subsequent repetitions of the SIB message. To realize maximal frequency diversity benefits, mirrored frequency hopping across SIB transmission opportunities is assumed to span the entire system bandwidth. Specifically, if the nth SIB retransmission is in subframe # j using PRBs 1 through 6, then the (n+1)th retransmission is in subframe # (j+20) using PRBs 46 through 50. Other details of the simulation assumptions are listed in the Appendix. 
The number of repetitions needed at -4dB and -14.3dB are shown in Tables 1 and 2 respectively.

Table 1. Number of repetitions required for SIB in normal coverage (SNR = -4dB).

	SIB size (bits)
	# ant
	1 RX

	
	Channel
	EPA1

	
	Freq. Hopping (FH)
	w/o FH
	w/ FH

	
	BLER
	10%
	1%
	10%
	1%

	328
	7
	15
	4
	9

	504
	10
	20
	6
	12

	1000
	15
	28
	12
	20


Table 2. Number of repetitions required for SIB in enhanced coverage (SNR = -14.3dB).

	SIB size (bits)
	# ant
	1 RX

	
	Channel
	EPA1

	
	Freq. Hopping (FH)
	w/o FH
	w/ FH

	
	BLER
	10%
	1%
	10%
	1%

	328
	64
	100
	50
	80

	504
	90
	135
	64
	100

	1000
	150
	~200
	128
	~170


The corresponding link-level performance for the different SIB sizes with the consideration of 20ms gaps between the SIB transmissions is shown in Figures 1 through 3.
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Figure 1. Link-level simulation results for SIB transmission with 328 bits
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Figure 2. Link-level simulation results for SIB transmission with 504 bits
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Figure 3. Link-level simulation results for SIB transmission with 1000 bits

Performance gains in terms of the fewer number of required repetitions can be observed from frequency hopping application for all SIB sizes. The number of required repetitions increases sub-linearly with the increase in the payload size, implying that for a given payload size, from a system spectral efficiency perspective, it may be more efficient to transmit in one SIB than multiple smaller SIBs. This behavior can be attributed to higher Turbo coding gains with larger TBS values. However, it should be noted that this is only from a physical layer perspective and MTC SIB design based on single or multiple SIB messages should consider the impact on system and MTC UE performance related to the functional attributes of SIB contents relevant to MTC UEs, their modification periods, SIB acquisition time, etc., and is primarily up to RAN2 study and decision.

In order to verify the gains from time diversity, link-level simulations were performed for SIB size of 504 bits with retransmissions on consecutive subframes, i.e., without any time-gap between consecutive SIB retransmissions. The performance results are presented in Figure 4 below.
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Figure 4. Link-level simulation results for SIB transmission with 504 bits without any time-gap between consecutive SIB transmissions

Comparing Figures 2 and 4, it can be observed that significant gains can be realized from time diversity as the number of repetitions increases. For small number of repetitions, due to long coherence time for low mobility assumption of the fading channels, it can be seen that, compared to continuous transmissions, the performance gain from temporally distributing the transmissions with 20ms gap is limited. However, the gains from time diversity increase as the number of repetitions increases. For instance, for 32 repetitions, time diversity gains of about 2.5dB and 4.5dB are observed for 1% BLER with and without the application of frequency hopping respectively. 

Note that although a time-gap of 20ms was assumed in the simulations following SIB1 retransmission periodicity, for large number of repetitions, it can be expected that similar order of time diversity gains is achievable with smaller time-gaps.

The above results indicate that temporal spreading of the retransmissions can provide significant gains for medium to large number of repetitions, and this can be quite helpful in minimizing the number of required repetitions especially when targeting the deepest of coverage holes, thereby minimizing the impact on system resource efficiency. 
From the UE’s perspective, minimizing the required number of repetitions is certainly highly desirable. However, an appropriate tradeoff is essential considering the benefits of time diversity from temporal spreading of the SIB against an increased SIB acquisition time, which is also tightly coupled to the exact design of SIB(s) and their modification period(s).
Observations:

· For temporally spread blind retransmissions along with application of frequency hopping and cross-subframe channel estimation, the following are the number of required repetitions for 1% BLER for different SIB sizes in normal coverage:

· SIB size of  328 bits: 9 
· SIB size of 504 bits: 12 
· SIB size of 1000 bits: 20 
· For temporally spread blind retransmissions along with application of  frequency hopping and cross-subframe channel estimation, the following are the number of required repetitions for 1% BLER for different SIB sizes in enhanced coverage:

· SIB size of  328 bits: 80 repetitions 
· SIB size of 504 bits: 100 repetitions 
· SIB size of 1000 bits: ~170 repetitions 
· Blind retransmissions with different RVs and frequency hopping can substantially improve the link level decoding performance for SIB.

· Temporal spreading of the retransmissions can provide significant time diversity gains, especially for medium to large number of repetitions. 

Proposal:

· From a physical layer system spectral efficiency perspective, for a given payload size, it may be more efficient to transmit the payload in a single SIB message than in multiple smaller SIB messages due to Turbo coding gains.

· However, consideration of single or multiple SIB messages should include aspects of SIB contents relevant to MTC UEs, their modification periods, SIB acquisition time, etc., and is primarily up to RAN2 study and decision.
· The following coverage enhancement techniques should be further considered while designing the SIB and its transmission mechanism to MTC UEs in enhanced coverage:

· Frequency diversity gains from frequency hopping

· Time diversity gains from temporally spreading of the SIB transmissions

· Bundling gains from retransmissions based on pre-defined RV pattern

· . 
3 Conclusion
In this contribution, we presented evaluation results for SIB reception in terms of 10% and 1% BLER performance and number of repetitions needed to achieve these BLERs when in normal (-4dB) and enhanced (-14.3dB) coverage. Based on the performed analysis, we draw the following observations and proposal on SIB design for MTC UEs considering enhanced coverage support:
Observations:

· For temporally spread blind retransmissions along with application of frequency hopping and cross-subframe channel estimation, the following are the number of required repetitions for 1% BLER for different SIB sizes in normal coverage:

· SIB size of  328 bits: 9 repetitions 

· SIB size of 504 bits: 12 repetitions 

· SIB size of 1000 bits: 20 repetitions 

· For temporally spread blind retransmissions along with application of  frequency hopping and cross-subframe channel estimation, the following are the number of required repetitions for 1% BLER for different SIB sizes in enhanced coverage:

· SIB size of  328 bits: 80 repetitions 

· SIB size of 504 bits: 100 repetitions 

· SIB size of 1000 bits: ~170 repetitions 
· Blind retransmissions with different RVs and frequency hopping can substantially improve the link level decoding performance for SIB.

· Temporal spreading of the retransmissions can provide significant time diversity gains, especially for medium to large number of repetitions. 

Proposal:

· From a physical layer system spectral efficiency perspective, for a given payload size, it may be more efficient to transmit the payload in a single SIB message than in multiple smaller SIB messages due to Turbo coding gains.

· However, consideration of single or multiple SIB messages should include aspects of SIB contents relevant to MTC UEs, their modification periods, SIB acquisition time, etc., and is primarily up to RAN2 study and decision.
· The following coverage enhancement techniques should be further considered while designing the SIB and its transmission mechanism to MTC UEs in enhanced coverage:

· Frequency diversity gains from frequency hopping

· Time diversity gains from temporally spreading of the SIB transmissions

· Bundling gains from retransmissions based on pre-defined RV pattern
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Appendix: Simulation Assumptions

	Parameter
	Value

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Frame Type
	FDD

	Antenna Configuration
	2x1 with low correlation

	Channel Model 
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100Hz

	CFI
	3

	Channel Estimation
	Cross-subframe channel estimation: 2D-MMSE

	Target BLER
	1% and 10%
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