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1 Introduction

In the last RAN1#78bis meeting, some agreements were reached and working assumptions and observations were made including that the maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits. It was observed that PDSCH link simulations for e.g. TBS 328, 504, 1000, and 2216 bits would be useful.
Agreement:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
Working assumptions:
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.
· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs

· FFS: UE behavior
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

Observations:

· For improved understanding of the system impact of different assumptions on the maximum TBS used for SIB transmission in normal and enhanced coverage, PDSCH link simulations for e.g. TBS 328, 504, 1000, and 2216 bits would be useful.
· PDSCH/PUSCH/PRACH/control channel link performance study of the impact of the following aspects can be used to analyze the fulfillment of the coverage and power consumption objectives in normal and enhanced coverage (at normal and low SNR)

· With/without increasing PDSCH/PUSCH/control channel DMRS density 
· With/without PDSCH/PUSCH/PRACH/control channel frequency hopping

· PUSCH/PRACH/control channel sensitivity to phase discontinuity

· With/without uplink PSD boosting with smaller granularity than 1 PRB
· PUSCH capacity analysis/results would also be useful
· Performance study of the impact of TM reduction for PDSCH can be used for analyze

In this contribution, we provide SIB link level simulations for TBS 256, 328, 504, 1000, and 2216 bits, in order to understand the system impact of different assumptions on the maximum TBS used for SIB transmission in normal coverage.

2 SIB Performance for Rel-13 low complexity MTC
We have evaluated TBS 256, 328, 504, 1000, and 2216 bits for system information block (SIB) delivery for MTC Rel-13 low complexity UEs. The link level simulation assumptions are given in Table 1 below. The transmission of SIB is scheduled on every third subframes including redundancy versions (RV) which cycle through RV0, 2, 3 and 1. In addition, in order to achieve sufficient cell coverage for SIB transmission, repetition in time domain was applied on top of redundancy versions. 

Table 1. Link level Simulation Assumption for SIB messages (R1-144513)
	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, ETU

	Doppler spread
	1 Hz, 30Hz

	Transport block size (TBS)
	256, 328, 504, 1000, 2216 bits

	Number of  PRBs
	6 (with fixed location i.e. no hopping and no frequency selective scheduling)

	Redundancy versions (RV)
	Cycled through RV0, 2, 3 and 1.

	Transmission Mode
	TM2

	Frequency error
	Not modelled

	Performance target/ Requirement
	1% and 10% BLER for SIB at SNR of -4dB for MTC UEs

	Channel estimation
	Practical (single subframe channel estimation)


Figures 1 to 2 show the performance results of different TBS for EPA channel with Doppler spread of 1Hz and 30Hz respectively. It can be seen that for high Doppler spread of 30Hz, TBS of 256, 328 and 504 bits meet the requirement of 1% BLER at SNR of -4dB with 8 repetitions. Moreover, for low Doppler spread of 1Hz, TB sizes 256 and 328 bits meet the requirement of 1% BLER at SNR of -4dB with 20 repetitions. The performance difference is due to the coding gain for different TBS as well as time diversity gain achieved at least from higher Doppler spread of 30Hz.

Furthermore, Figures 3 to 4 show the performance results of different TBS for ETU channel with Doppler spread of 1Hz and 30Hz respectively. It can be observed that for high Doppler spread of 30Hz, TBS of 256 and 328 bits meets the requirement of 1% BLER at SNR of -4dB with 8 repetitions while TBS 504 bits meets the requirement with 12 repetitions. However, for low Doppler spread of 1Hz, TB sizes 256 and 328 bits are approximately to meet the requirement of 1% BLER at SNR of -4dB with up to 25 repetitions.
If requirement is relaxed to 10% BLER at SNR of -4dB, by observing through Figures 1 to 4, TBS of 256 and 328 bits meet this requirement in all the simulated channels with up to 8 repetitions in this contribution.
Based on this simulation study, the number of repetitions are rather excessive for normal Rel-13 low complexity MTC UEs, for example in the worst case (i.e. low Doppler spread of 1Hz), up to 25 repetitions are needed for TBS 256 and 326 bits in order to meet the requirement of 1% BLER at SNR of -4dB. So, it may be beneficial to study ways of reducing the number of repetitions, such as PSD boosting, frequency hopping and cross-subframe channel estimations.
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                     Figure 1. SIB Performance with EPA (1Hz).
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Figure 2. SIB Performance with EPA (30Hz).
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Figure 3. SIB Performance with ETU (1Hz).
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Figure 3. SIB Performance with ETU (30Hz).

Observation 1: 

· For 1% BLER at SNR of -4dB requirement: 

· For slightly high Doppler spread of 30Hz, TBS of 256, 328 and 504 bits meet the requirement with up to 12 repetitions.

· For low Doppler spread of 1Hz, TB sizes 256 and 328 bits more or less meet the requirement of 1% BLER at SNR of -4dB with up to 25 repetitions.
Observation 2: 

· For 10% BLER at SNR of -4dB of relaxed requirement: 
· TB Sizes 256 and 328 bits meet the requirement in all the simulated channels with up to 8 repetitions in this contribution.

Observation 3: 
· Based on this early simulation study, the number of repetitions are rather excessive for normal Rel-13 low complexity MTC UEs, so it may be beneficial to study ways of reducing the number of repetitions, such as PSD boosting, frequency hopping and cross-subframe channel estimations.
3 Conclusion
In this contribution, we have provided SIB link level simulations for TBS 256, 328, 504, 1000, and 2216 bits, in order to understand the system impact of different assumptions on the maximum TBS used for SIB transmission in normal coverage. We have the following observations:

Observation 1: 

· For 1% BLER at SNR of -4dB requirement: 

· For slightly high Doppler spread of 30Hz, TBS of 256, 328 and 504 bits meet the requirement with up to 12 repetitions.

· For low Doppler spread of 1Hz, TB sizes 256 and 328 bits more or less meet the requirement of 1% BLER at SNR of -4dB with up to 25 repetitions.

Observation 2: 

· For 10% BLER at SNR of -4dB of relaxed requirement: 

· TB Sizes 256 and 328 bits meet the requirement in all the simulated channels with up to 8 repetitions in this contribution.

Observation 3: 

· Based on this early simulation study, the number of repetitions are rather excessive for normal Rel-13 low complexity MTC UEs, so it may be beneficial to study ways of reducing the number of repetitions, such as PSD boosting, frequency hopping and cross-subframe channel estimations. 
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