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1. Introduction
SIB performance is being considered in RAN1 as part of the Rel. 13 MTC Work Item. Coverage challenges exist for the MTC UE because of (1) Reduced BW available for transmission (only 6 PRBs in 1.4 MHz), (2) Reduced frequency diversity (if frequency hopping not used), and (3) Only a single receive antenna is available. In addition, as part of the Rel. 13 MTC Work Item, RAN1 is also considering “Coverage Enhancement Mode”, where a UE can increase its overall coverage by 15 dB over the coverage of a regular (non-MTC) UE. 
Initial simulation results for SIB performance were presented in RAN1 #79– see summary document [1] and the references therein. Additional simulation results were requested, particularly for the coverage enhanced case. 
There are a number of techniques being considered to overcome the MTC downlink coverage disadvantage, and to achieve 15 dB coverage enhancement, including (1) Multiple transmissions, (2) Periodic (discontinuous) transmission (3) Frequency Hopping, (4) Improved Channel Estimation, (5) Reference Signal (RS) Boosting, (6) Increased RS Density. In this contribution we focus on the first 2 techniques. 
One of the questions raised in RAN1 #79 was whether there was any spectral efficiency advantage to use one large SIB or multiple smaller SIBs. This too is addressed in this contribution.

2. RAN1 Assumptions/Observations
The working assumption reached in RAN1 #78bis is:
· 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  

Simulations were brought at RAN1 #79 for SIB performance – see summary document [1] and the references therein. Based on these results the following observations were made 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 – (Ericsson)

The main points of these observations were also expressed in a LS to RAN2 [2].


3. SIB Performance 
The cell-edge SNR for SIBs is assumed to be -4 dB based on the downlink link budget analysis in [3]. Furthermore, in order to achieve an overall 15 dB coverage gain for “Coverage Enhanced Mode” (i.e., to achieve an MCL of 155.7 dB) the cell-edge SNR is reduced by 10.3 dB to -14.3 dB [3]. We consider both of these SNR operating points in Tables 1 and 2 respectively, where we show the required number of transmissions needed to achieve both 10% and 1% BLER for SIBs of sizes 152, 328, 504, and 1000. Simulation assumptions can be found in Appendix 1. 
We note that the results in the tables are based on simple repetition (using RV number 0). We consider incremental redundancy (cycling through different RV numbers) in Sec. 5. Also, the period between transmissions is 20 ms (continuous transmission is considered in Sec. 4). Frequency hopping is not considered. Practical channel estimation is used with sliding window time-averaging over a little more than 1 subframe (5 tap filter). The full graphs (showing BLER as a function of number of transmissions) corresponding to Tables 1 & 2 can be found in Appendix 2. 
The required number of transmission increases with TBS size, as expected. The number of transmissions is particularly large for the Enhanced Coverage case (Table 2) and for the lower (more realistic) BLER of 1%. Based on this it would appear to be important to reduce SIB content as much as possible – especially for Coverage-Enhanced Mode.
Observation 1: The larger the SIB size, the more transmissions are required. Large numbers of SIB transmissions are required for the MTC UE, and very large numbers of transmissions are required to support Coverage-Enhanced (CE) mode. Thus it is desirable to reduce SIB content as much as possible for the MTC UE, and even more so for CE mode.
We can compare the spectral efficiency of the different SIB sizes by comparing the ratio of required number of transmissions to the ratio of SIB sizes. Inspecting the results in Tables 1 & 2, we see that in general using smaller SIB sizes have spectral efficiency that is either similar to or less than using larger SIB sizes. The smallest SIB size of 152 is the least spectrally efficient. There are a number of cases where the SIB size of 1000 bits appears to be at a disadvantage relative to the SIB size of 504 bits – but we have not taken into account the gain achieved by using incremental redundancy (transmissions with different RV numbers), which is shown in Sec. 5 to provide significant gain for SIB size of 1000.
Observation 2: Breaking up large SIBs into smaller SIBs does not generally appear to improve spectral efficiency. The performance of the smallest SIB sizes appears to be less spectrally efficient. Using a SIB size of 1000 was not found to consistently provide gain over using SIB sizes of 504, but the results did not consider incremental redundancy (which benefits SIB size of 1000 much more so than SIB size of 504).

Table 1: Required number of transmissions to reach {1%, 10%} target BLERs for SIBs of sizes 152, 328, 504, & 1000 bits at Normal Coverage cell edge, i.e., at SNR = -4 dB
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

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

	152
	5
	15
	3
	7
	2
	4
	1
	2

	328
	9
	21
	6
	13
	2
	7
	2
	4

	504
	12
	25
	9
	17
	4
	9
	3
	6

	1000
	21
	38
	19
	32
	8
	16
	8
	14



Table 2: Required number of transmissions to reach {1%, 10%} target BLERs for SIBs of sizes 152, 328, 504, & 1000 bits at Enhanced Coverage cell edge, i.e., at SNR = -14.3 dB
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

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

	152
	96
	145
	79
	116
	43
	69
	38
	57

	328
	144
	209
	133
	187
	69
	104
	65
	88

	504
	205
	275
	183
	260
	89
	130
	87
	121

	1000
	438
	605
	405
	504
	194
	257
	189
	237



For reference, we include graphs showing BLER as a function of SNR in Appendix 3, for the EPA 1 Hz case. (Note that these graphs are based on only 60000 subframes – much less than what was used for the results in Tables 1 & 2 and the graphs in Appendix 2.) 
We show an example in the figure below comparing performance with 1 and 2 receive antennas, for EPA 1 Hz and TBS = 152. One can observe from the graph that the gap in performance between 1 and 2 receive antennas is reduced as the time diversity achieved through the repetitions increases.
Observation 3: Time diversity achieved through multiple transmissions (particularly when separated significantly in time) can compensate for some of the loss in performance that is caused by having only a single receive antenna.
[image: G:\A1_LTE\png\Compare1Rx2Rx.png]
Figure 1: Comparing 1 and 2 receive antennas for different numbers of transmissions, for the EPA 1 Hz channel. The dashed lines correspond to 2 receive antennas.



4. Transmission Periodicity
We have been considering discontinuous SIB transmission with a period of 20 ms. In the figures in this section below we show results comparing this to continuous transmission. We see that performance substantially benefits from transmitting discontinuously, and that the gain is larger for a higher number of repetitions. Thus the transmission periodicity increases the incremental benefit of additional transmissions, since it enables the overall transmission to achieve more significant time diversity relative to the fading of a channel with 1 Hz Doppler shift. 
Observation 4: Transmitting the SIB discontinuously provides time diversity and significantly improves performance in fading channel conditions. In the fading conditions considered, this performance gain increased with larger numbers of transmissions.
[image: G:\A1_LTE\png\CompareTxPd1.png][image: G:\A1_LTE\png\CompareTxPd2.png][image: G:\A1_LTE\png\CompareTxPd3.png][image: G:\A1_LTE\png\CompareTxPd4.png]
Figure 2: Comparing continuous and discontinuous (20 ms period) transmissions for different numbers of transmissions, for the EPA 1 Hz channel. The dashed lines correspond to continuous transmission.



5. Incremental Redundancy
We have been considering simple repetitions using the same RV number 0 for all transmissions. In the figures in this section below, we compare this to using incremental redundancy, i.e., to cycling through the 4 RV numbers 0, 1, 2, 3 over the transmissions. We see that for SIB sizes of 152, 328, and 504 there is no difference in performance. The reason is that the coding rate is already so low, (= [0.1056  0.2278 0.3500] for TBS=[152,328,504] assuming 3 OS for PDCCH), that incremental redundancy does not add anything, i.e., it cannot significantly lower the effective overall code rate. However, we see that for TBS=1000 (code rate 0.6944), we do achieve a significant performance gain of approximately 1 dB.
Observation 5: Using incremental redundancy over the SIB transmissions can provide significant gains when the initial transmission coding rate is relatively high, (such as the case with SIB size 1000).
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Figure 3: Comparing simple repetitions (labeled RV=0000) to using incremental redundancy (labeled RV=0123) for different numbers of transmissions, for the EPA 1 Hz channel. The dashed lines correspond to using incremental redundancy.

6. Conclusion
In this contribution we provided SIB performance results for MTC UEs and for Coverage-Enhanced UEs. Based on the results we have made the following observations.
Observation 1: The larger the SIB size, the more transmissions are required. Large numbers of SIB transmissions are required for the MTC UE, and very large numbers of transmissions are required to support Coverage-Enhanced (CE) mode. Thus it is desirable to reduce SIB content as much as possible for the MTC UE, and even more so for CE mode.
Observation 2: Breaking up large SIBs into smaller SIBs does not generally appear to improve spectral efficiency. The performance of the smallest SIB sizes appears to be less spectrally efficient. Using a SIB size of 1000 was not found to consistently provide gain over using SIB sizes of 504, but the results did not consider incremental redundancy (which benefits SIB size of 1000 much more so than SIB size of 504).
Observation 3: Time diversity achieved through multiple transmissions (particularly when separated significantly in time) can compensate for some of the loss in performance that is caused by having only a single receive antenna.
Observation 4: Transmitting the SIB discontinuously provides time diversity and significantly improves performance in fading channel conditions. In the fading conditions considered, this performance gain increased with larger numbers of transmissions.
Observation 5: Using incremental redundancy over the SIB transmissions can provide significant gains when the initial transmission coding rate is relatively high, (such as the case with SIB size 1000).
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Appendix 1: Simulation Assumptions

The following assumptions were used in the simulations here. Additional simulation assumptions can be found in [4].
	Parameter
	Value 

	System bandwidth
	10 MHz 

	UE receiver bandwidth
	6 PRBs

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1 and 2x2  (low correlation) 

	Channel model
	EPA, ETU

	Doppler spread
	1 Hz 

	Transport block size
	{152, 328, 504, 1000} bits

	Transmission Mode
	TM2

	Modulation
	QPSK

	Number of  PRBs
	6 (fixed)  

	SIB repetition interval
	20 ms (compared to 1 ms in Sec. 4)

	PDCCH region
	3 OFDM Symbols

	Frequency tracking error
	100 Hz 

	Retransmissions
	Simple repetitions (compared in Sec. 4 to using incremental redundancy by cycling through RVs 0,1,2,3)

	Channel estimation
	Practical channel estimation with sliding window time averaging over a little more than 1 subframe (5 tap filter)



Appendix 2: SIB Simulation Results: BLER vs. Number of Transmissions
The 8 graphs shown below cover the cases
· EPA & ETU 1 Hz channels
· 1 & 2 receive antennas (right side graphs are for 2 rx antennas)
· Normal coverage mode SNR=-4 dB and Enhanced Coverage mode SNR = -14.3 dB
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Appendix 3: SIB Simulation Results: BLER vs. SNR
The 8 graphs shown below cover 
· EPA 1 Hz channel
· 1 & 2 receive antennas (right side graphs are for 2 rx antennas)
· 4 TBS SIB sizes of 152, 328, 504, and 1000
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