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1 Introduction
This contribution provides a summary of simulation results for SIB transmission that have been presented at RAN1#80 by different companies, see references [2]–[11]. Only results with single RX antenna at an SNR corresponding to the coverage enhancement target are presented.
2 Simulation assumptions
The simulation assumptions to be used for SIB transmission are outlined in [1]. The ones applicable to the SIB transmissions are listed in Table 1 below. 

Table 1: Parameters used in SIB link simulations

	Parameter
	Value in SIB simulations

	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)

	Transmission mode
	TM2

	Channel model
	EPA, ETU

	Doppler spread
	1 Hz, 30 Hz 

	Transport block size
	{328, 504, 1000, 2216} bits

	Number of  RBs
	6 

	Frequency tracking error
	100 Hz 

	Performance target
	1% and 10% BLER

	Channel estimation
	Realistic cross-subframe or single subframe


These simulation assumptions have been followed in the results presented by most companies, with the following modifications/additions:

· 2216 bits TBS is generally considered not feasible at 15 dB coverage enhancement. Instead, several companies have simulated a smaller TBS of 152 bits.
· The 15 dB coverage enhancement target 

· Companies have provided results for continuous (bundled) and/or discontinuous SIB transmission.

· The channel estimation algorithm, including the employed cross-subframe filtering, varies between companies.

· Some companies have provided results with, others without, any further frequency error compensation.

· Some companies have provided results with other coverage enhancement techniques such as frequency hopping, precoder cycling, PSD boosting, etc.
3 Simulation results

Estimates of the required number of repetitions needed for successful SIB transmission have been provided by several companies [2]–[11] and the ranges of the results are presented in Table 2. The table excludes results that have been derived using additional coverage enhancement techniques.

Table 2: Range of required number of repetitions for 15 dB coverage enhancement with single antenna receiver as presented by the different companies

	
	”Continuous” repetitions
	”Discontinuous” repetitions

	
	EPA 1
	ETU 1
	EPA 1
	ETU 1

	TBS
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	40-180
	150-256
	18-100
	32-200
	65-96
	120-145
	60-79
	90-116

	328
	110-290
	300-365
	32-170
	64-270
	64-144
	100-209
	95-133
	150-187

	504
	128-390
	373-500
	60-210
	100-340
	90-205
	135-275
	130-183
	190-260

	1000
	260-740
	535-660
	100-340
	180-580
	150-438
	200-605
	220-405
	300-504


Some observations on the results can be made:

· There is a large spread in the results. This can most likely be attributed to different companies using slightly different simulation assumptions in terms of e.g. channel estimation and frequency error compensation algorithms. 

· Apparent inconsistencies in the table, such as that a smaller TBS in some cases appears to require more repetitions, can be attributed to that all companies have not provided results for all entries in the table.  
· One observation made by several companies that also has support in the table is that the number of repetitions required to achieve 15 dB coverage enhancement is extensive, in particular for large TBS, and thus that it is beneficial to reduce the number of transmitted system information bits as much as possible.

· Another observation made by several companies that also has support in the table is that it appears to be more efficient to transmit a fixed number of system information bits in one single SIB (up to the simulated maximum size ~1000 bits) rather than splitting them into separate smaller SIBs.

A few companies have also provided results with frequency hopping and possibly additional coverage enhancement techniques such as PSD boosting and precoder cycling. For completeness also these results are presented below in Table 3.
Table 3: Range of required number of repetitions for 15 dB coverage enhancement using different additional coverage enhancement techniques.
	
	EPA 1

	TBS
	10% / 1%
	1%
	10 % / 1%

	152
	32 / 128
	
	

	328
	64 / 185
	160
	50 / 80

	504
	100 / 246
	256
	64 / 100

	1000
	
	
	128 / 170

	Note:
	Freq.hop + PSD boost, continuous
	Freq.hop + precoder cycling, continuous
	Freq.hop, discontinuous


4 Observations

A number of disclosed observations from the contribution are listed below. It shall be noted that the list contains both observations that can be agreed among the companies and others that may need more discussions. Observations regarding absolute number of repetitions already reflected directly in the tables above have been removed. Proposals on SIB transmission strategies are not included in this document. 
	Source
	Observations

	[2]
	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.

	[3] 
	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.

	[4]
	Discontinuous SIB transmission requires less repetition numbers than continuous transmission because of time diversity effect.

Higher TBS tends to show better spectral efficiency to transmit the same amount of data.

	[5] 
	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.

	[6] 
	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.

	[7] 
	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).

	[8] 
	Observation 1: CRS inter-subframe interpolation and frequency hopping can provide very significant reductions in the number of required SIB repetitions for a Rel-13 low cost UE.

Observation 2: The SIB size for Rel-13 low cost UEs should be reduce to an absolute minimum as hundreds of repetitions are required to achieve 1% BLER at -15 dB. 

Observation 3: Comparing full SIB transmissions to segmented SIB transmissions, considering that a UE needs to correctly receive each segment, it is preferable to transmit a full SIB (provided that a total size is in the range of 1000 bits or less).   

	[9] 
	Observation: Resource efficiency is much better if the UE supports larger TBS values.

	[10] 
	Observation 1: There is significant impact of payload size on bundle length. 

Observation 2: Large bundle size is required to achieve 155.7 dB MCL.

	[11]
	Observation 1: Depending on the SIB size and coverage target, a wide range of repetition numbers needs to be supported. 

Observation 2: For a given SIB size, there is no performance benefit from dividing a SIB into multiple smaller SIB sizes.
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