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1 Introduction

In the last RAN1#79 meeting, some observations about SIB performance for UEs in enhanced coverage mode were captured based on preliminary simulation results and it was agreed RAN1 to continue the evaluations [3].

Working assumptions at RAN1#78bis:
· 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  
Observations at RAN1#79:

· 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.

In this contribution, we provide SIB link level simulations for TBS 152, 328 and 504 bits, in order to determine the maximum TBS that can be used efficiently for SIB transmission as well as number of repetitions required in coverage enhanced mode.

2 SIB Performance for Rel-13 MTC UEs in coverage enhanced mode
We have evaluated the performance of TBS 152, 328 and 504 bits for system information block (SIB) delivery for MTC Rel-13 UEs in coverage enhanced mode. The link level simulation assumptions are given in Table 1 below. The performance evaluations are conducted using time-domain continuous repetitions (i.e. repetition soft combining) as well as some additional coverage enhanced techniques such as frequency hopping and PDSCH PSD boosting for Rel-13 low complexity MTC in coverage enhanced mode. Cross-subframe channel estimation has not been performed in this simulation results. 

In this simulations, the following cases were simulated and compared as in [5]:

· Time-domain repetitions (i.e. repetition soft combining) – Base line

· With Frequency hopping period of 8 subframes and 3dB PDSCH PSD boosting. Note that in [5], it has been observed that the performance difference for different hopping periods (1/4/8/16) is marginal.
Table 1. Link level Simulation Assumption for SIB messages (R1-144513 [2])
	Parameter
	Value in SIB simulations

	Number of subframes
	50000

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1

	Channel model
	EPA

	Doppler spread
	1 Hz

	Transport block size (TBS)
	152, 328, 504 bits

	Number of  PRBs
	6 

	Redundancy versions (RV)
	RV0

	Transmission Mode
	TM2

	Frequency error
	Not modelled

	Performance target/ Requirement
	1% and 10% BLER for SIB at SNR of -14.3 dB

	Channel estimation
	Practical (single subframe channel estimation)


Figures 1 to 3 show the BLER performance results of different TB sizes for EPA channel with Doppler spread of 1Hz. In addition, the results in terms of number of required repetitions for coverage enhancement target at SNR -14.3 dB are tabulated in Table 2 below. For Frequency hopping, retuning time has not been included in the results.
Table 2. Number of repetitions required to achieve coverage enhancement target (SNR = -14.3 dB) 

	TBS size
	Channel
	EPA1
Baseline
	EPA1 with Freq. hopping period of 8 subframes and 3dB PSD boosting

	
	BLER
	1%
	10%
	1%
	10%

	152
	256
	64
	128
	32

	328
	360
	100
	185
	64

	504
	500
	208
	246
	100


From Table 2, for TBS 152 bits with baseline (i.e. only repetitions in time-domain), the number of required repetitions is 256 at 1% BLER. However, when combined Frequency hopping period of 8 subframes and 3dB PDSCH PSD boosting techniques are applied, the number of repetitions are reduced to 128 (not included retuning time of maximum 128/8 = 16 subframes). Moreover, at 10% BLER, the number of repetitions are also reduced to almost half when combined Frequency hopping and 3dB PDSCH PSD boosting techniques are added on top of the time-domain repetition technique (baseline).
TB size 328 with baseline requires about 360 and 100 repetitions at 1% and 10% BLER respectively. However, with combined Frequency hopping and 3dB PDSCH PSD boosting techniques, the number of repetitions drops to 185 and 64 at 1% and 10% BLER respectively.  
TB size 504 with baseline requires about 500 and 208 repetitions at 1% and 10% BLER respectively. However, with combined Frequency hopping and 3dB PDSCH PSD boosting techniques, the number of repetitions drops to 246 and 100 at 1% and 10% BLER respectively. 
From the simulation of the baseline results, it can be seen that as the TBS increases the number of repetitions increases which consumes a lot of downlink resources. Therefore, in order to reduce the number of repetitions significantly, coverage enhancement techniques of Frequency hopping, Cross-subframe channel estimation and PSD boosting should be considered for SIB transmission at least in coverage enhanced mode. In addition, it may be beneficial to reduce the maximum TBS for SIB to 200-350 bits. However, as the content of the SIB is not yet finalized, RAN1 and RAN2 should jointly discuss the best possible SIB size for Rel-13 MTC.

Observations:

· For time-domain repetition technique, the number of repetitions required to achieve coverage enhancement target (SNR = -14.3 dB) for each TBS is given by Table 2.
· At least when Frequency hopping period of 8 subframes and 3dB PDSCH PSD boosting techniques are applied, the number of repetitions is significantly reduced.
· It may be beneficial to reduce the maximum TBS for SIB to 200-350 bits. However, as the content of the SIB is not yet finalized, RAN1 and RAN2 should jointly discuss the best possible SIB size for Rel-13 MTC. 

Proposal: For SIB transmission, coverage enhancement techniques of Frequency hopping, Cross-subframe channel estimation and PSD boosting should be considered and specified for Rel-13 MTC. 
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              Figure 1. SIB Performance with EPA (1Hz), TBS 152 bits 
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        Figure 2. SIB Performance with EPA (1Hz), TBS 328 bits
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Figure 3. SIB Performance with EPA (1Hz), TBS 504 bits
3 Conclusion
In this contribution, we have provided SIB link level simulations for TBS 152, 328, 504 bits, in order to determine the maximum TBS that can be used efficiently for SIB transmission as well as number of repetitions required in coverage enhanced mode. We have the following observations and proposal:

Observations:

· For time-domain repetition technique, the number of repetitions required to achieve coverage enhancement target (SNR = -14.3 dB) for each TBS is given by Table 2.

· When Frequency hopping period of 8 subframes and 3dB PDSCH PSD boosting techniques are applied, the number of repetitions is significantly reduced. 
· It may be beneficial to reduce the maximum TBS for SIB to 200-350 bits. However, as the content of the SIB is not yet finalized, RAN1 and RAN2 should jointly discuss the best possible SIB size for Rel-13 MTC. 

Proposal: For SIB transmission, coverage enhancement techniques of Frequency hopping, Cross-subframe channel estimation and PSD boosting should be considered and specified for Rel-13 MTC. 
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