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1 Introduction
RAN1#78bis discussed the maximum TBS support needed in the Rel-13 low complexity UE, and reached the following working assumption on broadcast TBS.

Working assumptions:
· 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

Companies submitted their evaluations of SIB TBS in RAN1 #79 and RAN1 had made the following observations from preliminary evaluations [1]:

· 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

· 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

· 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
· The simulation results are based on the following simulation scenario – 10MHz system bandwidth, 1Rx antenna, 6 PRBs, EPA (1 Hz) channel, 1% BLER target. Note that RAN1 did not consider coverage enhancement techniques except for repetition.

In this contribution, we present simulation results for broadcast TBS for Rel-13 low complexity UE in normal coverage and enhanced coverage. Then we discuss whether it is more efficient to use one TB rather than multiple smaller TBs. Note that RAN2 aspects also need to be considered before reaching a final conclusion on the maximum TBS.

2 Simulation results and analysis for maximum broadcast TBS support

To determine the supported maximum broadcast TBS for all the three broadcast messages (SI-messages, Paging, RAR), we assume the TB is transmitted repeatedly in continuous TTIs. It may be challenging to operate the system at 10% BLER in the case of broadcast messages without HARQ re-transmissions so that we focus the number of repetitions required to reach 1% BLER. PDCCH occupies 2 symbols in the simulation as it is widely used in all the system bandwidth. Sliding average of channel estimation for LLR combination to achieve one subframe buffer is utilized in our simulation. We evaluate the TBS listed in the tables in [2].Simulation assumptions are otherwise the same as in [3] and summarized in the Appendix.
The required number of repetitions for each TB to reach the BLER target at -4dB in normal coverage and -14.3dB in enhanced coverage are shown in Table 1 and Table 2 respectively. We also calculate how many REs are needed for one bit given the required number of repetitions in these transmissions.
Table 1. Required number of repetitions for each TB and REs required for one bit transmission (SNR = -4dB)
	# bits
	# ant
	1RX

	
	Channel
	EPA1
	ETU1

	
	@ 1% BLER
	Required number of repetitions
	REs required for one bit transmission 
	Required number of repetitions
	REs required for one bit transmission 

	152
	14
	73
	6
	32

	328
	27
	66
	12
	29

	504
	38
	60
	17
	27

	1000
	67
	54
	32
	26


Table 2. Required number of repetitions for each TB and REs required for one bit transmission (SNR = -14.3dB)
	# bits
	# ant
	1RX

	
	Channel
	EPA1
	ETU1

	
	@ 1% BLER
	Required number of repetitions
	REs required for one bit transmission 
	Required number of repetitions
	REs required for one bit transmission 

	152
	208
	1084
	148
	772

	328
	305
	737
	237
	573

	504
	373
	587
	294
	462

	1000
	535
	424
	477
	378


The required number of repetitions increases with the TBS size. When the SNR goes from -4dB to -14.3dB (need 10.3dB gain), the required number of repetition increases 7.9~14.8 times for EPA and 14.5~24.1 times for ETU. For large TBS, the ratio of the required number of repetitions at -14.3dB to the required number of repetitions at -4dB is less than the ratio for small TBS. The reason would be more time diversity gain could be got from the high number of repetitions of large TBS.
For REs required for one bit transmission, there is roughly a 1.2~2.5 times increase at the smaller TBS values. The higher efficiency of larger TBS is observed both EPA and ETU channel. This is due to improved turbo coding performance and time diversity gain at larger TBS. Spectral efficiency is important especially for SIBs since they are repeated and BCCH is sent continuously. Therefore, these results motivate not limiting the system design to only small TBS values. However, there is clearly a latency penalty for continuing to support the Rel-12 TBS of up to 2216 bits in enhanced coverage. Considering that there is some cost saving from reducing the maximum TBS [4], supporting a maximum broadcast TBS of 1000 bits is a good tradeoff from the RAN1 point of view. (Note that exactly 1000 bits is a supported TBS value).

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

Proposal:
On RAN1 aspects, the RAN1#78bis working assumption can be confirmed with a maximum broadcast TBS of 1000 bits, however final confirmation shall await input from RAN2.
3 Conclusion

We have provided simulation analysis of the impact of reducing the maximum supported broadcast TBS to 152, 328, 504, and 1000 bits. The results show that there is a good tradeoff between resource efficiency, latency, and cost reduction if the Rel-13 low complexity UE has a maximum supported TBS of 1000 bits. We make the following observation and proposal:

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

Proposal:
On RAN1 aspects, the RAN1#78bis working assumption can be confirmed with a maximum broadcast TBS of 1000 bits, however final confirmation shall await input from RAN2.
Appendix

Simulation assumptions for broadcast TBS evaluation are as stated below:

	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1, low correlation for FDD

	Channel model
	EPA, ETU

	Doppler spread
	1Hz

	MCS
	152, 328, 504, 1000 bits

	Number of DL RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	100Hz

	Performance target
	1% BLER

	PDCCH symbols
	2

	Channel estimation
	Realistic cross-subframe channel estimation

	Combination for the repetitions
	Incremental redundancy using four RVs

	The minimum required SINR
	-4dB for normal coverage,

-14.3dB for enhanced coverage
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