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1 Introduction
RAN1#78bis discussed the maximum TBS support needed in the Rel-13 low-cost MTC UE, and reached the following working assumption on broadcast TBS. In this contribution, we present simulation results and analysis on the RAN1 aspects of whether to confirm this working assumption. Note that RAN2 aspects also need to be considered before reaching a final conclusion.
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

2 Broadcast TBS support
Of the three broadcast messages (SI-messages, Paging, RAR), SI-messages will typically have the largest upper bound due to the potential and likelihood of aggregating SIBs that suit co-scheduling.
2.1 Turbo coding gain
To evaluate turbo coding gain, we use the mapping shown in Table 1 below so that all three simulated TBS have similar coding rates. Simulation assumptions are otherwise as shown in the Appendix, and since we are focussing on SIBs, we have included incremental redundancy using the normal four RVs. In Figure 1, we show BLER performance from 1% to 10% BLER for three of the relevant TBS values, and Figure 2 shows that at the BLER of 1%, there is a turbo coding gain of about 0.45 dB. Note that discussion is needed to consider that it may be challenging to operate the system at 10% BLER in the case of broadcast messages without HARQ re-transmissions.
Observation 1:
Turbo coding gain is available at 1% BLER, and there is equal performance at a relaxed 10% BLER if TBS = 1000 bits support is required.
	TBS
	Number of PRBs
	Code rate

	328
	2
	0.621

	504
	3
	0.636

	1000
	6
	0.631


Table 1: Code-rate preserving PRB allocations. Other simulation assumptions are in the Appendix.
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Figure 1: BLER vs SINR for TBS 328, 504, 1000 bits.
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Figure 2: Turbo coding gain at 1% BLER from 328 to 1000 bits TBS.

2.2 Spectral efficiency and code rate
To evaluate the impact on spectral efficiency, we use a fixed 6 PRB allocation for 328, 504, 1000, 2216 bits TBS and evaluate by simulation how many repetitions are needed at -15.3 dB, i.e. -4dB PDSCH SNR requirement in [2] subtracting 11.3dB PDSCH compensation for 15dB CE target [3]. The results are show in Table 2, where we also calculate how many RE/bit are needed given the required number of repetitions in these transmissions. We assume two symbols of PDCCH and two ports of CRS.
At 1% and 10% BLER (the normal operating point), there is a clear difference in RE/bit, such that there is roughly a 2-2.5 times increase in RE/bit at the smaller TBS values. This is due to improved  turbo coding performance 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 CE. Considering that there is some cost saving from reducing the maximum TBS [2], 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 2:
At 1% BLER, resource efficiency is much better if the UE supports larger TBS values.
Proposal 1:

On RAN1 aspects, the RAN1#78bis working assumption should be confirmed with a maximum broadcast TBS of 1000 bits.
Table 2: Spectral efficiency vs. TBS in coverage enhancement

	
	TBS328
	TBS504
	TBS1000
	TBS2216

	10% BLER repetitions
	167
	225
	336
	572

	REs required for one bit transmission @10% BLER
	404
	354
	267
	205

	1% BLER repetitions
	372
	452
	625
	980

	REs required for one bit transmission @1% BLER
	899
	711
	495
	351


To achieve 10 dB CE, we found that 172 repetitions are needed for 504 bits TBS at 1% BLER. This is a significant reduction which would motivate only providing 10 dB cell CE in the system, or at least to make the maximum CE for SIBs configurable. Also note that PSD boosting could be used in conjunction with repetition, resulting in even fewer repetitions for SIBs.

Proposal 2:

The maximum CE support in the system should be 10 dB, or the maximum level should be configurable to include 10 dB.
3 Conclusion

We have provided simulation analysis of the impact of reducing the maximum supported broadcast TBS to 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 MTC UE has a maximum supported TBS of 1000 bits. We make the following observations and proposal:
Observation 1:
Turbo coding gain is available at 1% BLER, and there is equal performance at a relaxed 10% BLER if TBS = 1000 bits support is required.
Observation 2:
At 1% BLER, resource efficiency is much better if the UE supports larger TBS values.

Proposal 1:

On RAN1 aspects, the RAN1#78bis working assumption should be confirmed with a broadcast TBS of 1000 bits.

Proposal 2:
The maximum CE support in the system should be 10 dB, or the maximum level should be configurable to include 10 dB.
Note that RAN2 aspects also need consideration before confirming the working assumption for broadcast.

Appendix
Simulation assumptions are as stated below and in Table 1:
	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

	Doppler spread
	1Hz

	MCS
	TBS: 328,504,1000 bits, and also 2216 for Table 2.

	Number of DL RBs
	{2,3,6} for Table 1, Figure 1, Figure 2 ; OR 6 for Table 2

	Transmission mode
	TM2

	Frequency tracking error
	100Hz

	Performance target
	1% and 10% BLER

	Channel estimation
	Realistic channel estimation

	The minimum required SINR
(15 dB coverage enhancement)
	-15.3dB for FDD (only for Table 2)
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