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1. Introduction

In RAN1#78bis meeting, the following agreement and working assumptions for Rel-13 MTC have been captured.

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 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

In this contribution, we discuss considerations on TBS of the common control messages and provide their link simulation results.

2. Considerations on TBS

In this section, we have provided two TBS sets for the common control message up to 1000 bits. Table 1 shows option-1 TBS set which consists of 52 TB sizes. They are captured from the TBS table in TS 36.213 considering the maximum NPRB of 36 PRB pairs since TBS of 1000 bits is given by (ITBS=0, NPRB =36) entry.

Table 1. Option-1 TBS set

	Index
	TBS
	Index
	TBS
	Index
	TBS
	Index
	TBS

	0
	16
	13
	208
	26
	440
	39
	648

	1
	24
	14
	224
	27
	456
	40
	680

	2
	32
	15
	256
	28
	472
	41
	696

	3
	40
	16
	280
	29
	488
	42
	712

	4
	56
	17
	288
	30
	504
	43
	744

	5
	72
	18
	296
	31
	520
	44
	776

	6
	88
	19
	328
	32
	536
	45
	808

	7
	104
	20
	336
	33
	552
	46
	840

	8
	120
	21
	344
	34
	568
	47
	872

	9
	136
	22
	376
	35
	584
	48
	904

	10
	144
	23
	392
	36
	600
	49
	936

	11
	152
	24
	408
	37
	616
	50
	968

	12
	176
	25
	424
	38
	632
	51
	1000


However, considering the maximum UE bandwidth of 6 PRBs, there exist the maximum supportable TBS for each TBS index as shown in table 2. For example, the maximum supportable TBS of ITBS=0 is 152 bits. In order to support TB sizes lager than 152 bits, a coverage enhancement technique such as repetition scheme is required.

Table 2. Maximum supportable TBS

	ITBS
	NPRB=6

	0
	152

	1
	208

	2
	256

	3
	328

	4
	408

	5
	504

	6
	600

	7
	712

	8
	808


On the other hand, it seems TB sizes of ITBS=0 are more dominant since the Rel-13 MTC UE is targeting a relative LTE coverage improvement of 15 dB, and the coverage enhancement technique will be defined further starting from the normal UE coverage. Table 3 shows option-2 TBS set which consists of 35 TB sizes considering the normal UE coverage with MCS index of 0 as well as ITBS=0.

Table 3. Option-2 TBS set

	Index
	TBS
	NPRB
	Index
	TBS
	NPRB
	Index
	TBS
	NPRB

	0
	16
	1
	12
	344
	13
	24
	680
	25

	1
	32
	2
	13
	376
	14
	25
	712
	26

	2
	56
	3
	14
	392
	15
	26
	744
	27

	3
	88
	4
	15
	424
	16
	27
	776
	28

	4
	120
	5
	16
	456
	17
	
	
	29

	5
	152
	6
	17
	488
	18
	28
	808
	30

	6
	176
	7
	18
	504
	19
	29
	840
	31

	7
	208
	8
	19
	536
	20
	30
	872
	32

	8
	224
	9
	20
	568
	21
	31
	904
	33

	9
	256
	10
	21
	600
	22
	32
	936
	34

	10
	288
	11
	22
	616
	23
	33
	968
	35

	11
	328
	12
	23
	648
	24
	34
	1000
	36


Comparing option-2 TBS set to option-1 TBS set, option-2 TBS is directly mapped to single NPRB while option-1 TBS is mapped to multiple (ITBS, NPRB) entries, and option-2 may reduce downlink control overhead for the scheduling assignment of the common control message. The only drawback of option-2 can be slightly lager padding overhead due to the reduced number of TB sizes. Comparing the average padding overhead of both options, option 2 has 10.21% while option 2 has 7.46%. However, small TB sizes (i.e. TB size less than 152bits) are more dominant sizes increasing the average padding overhead and less important for the common control message. So, it is proposed to use option-2 TBS set for the common control message of Rel-13 MTC.

Proposal 1: For the common control message, TBS is given by (ITBS=0, NPRB ≤36) entry of the TBS Table in TS 36.213.
3. Link simulation results

In the previous meeting, the following observation has been captured for the performance evaluation of the common control message.

Observation:

· 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.
In this section, we provide simulation results of the common control message. The simulation assumptions are listed in table 4 and the simulation results are presented in figure 1 ~ 4. 

Table 4. Simulation assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Antenna configuration
	2x2, Low correlation

	Channel model
	EPA

	Doppler spread
	1 Hz

	TBS
	152, 328, 504, 1000 bits

	Transmission mode
	TM2

	Frequency tracking error
	100 Hz

	Performance target
	10% BLER

	Channel estimation
	DFT-based channel estimation


Figure 1 shows the BLER performance of the four TB sizes with 6 PRB pairs and their required SNR at BLER 10% are listed in table 5. According the the simulation results, the required SNR of TBS 152 bis is around -4.85 dB. Since TBS 152 bits is the maximum TBS of ITBS=0 for 6 PRB pairs, other TB sizes support higher spectral efficiency while increasing the required SNR. 
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Figure 1. BLER performance with 6 PRB pairs

Table 5. Required SNR of 6 PRB pairs

	TBS
	Required SNR @ BLER 10%

	152 bits
	-4.85 dB

	328 bits
	-2.05 dB

	504 bits
	-0.50 dB

	1000 bits
	3.49 dB


Figure 2 shows the BLER performance of TBS 328 bits and its required SNR at BLER 10% are listed in table 6. For TBS 328 bits, both 12 PRB pairs and 6PRB pairs with 2 repetitions are evaluated to provide the required SNR of the normal UE coverage around -5.0 dB.
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Figure 2. BLER performance of TBS 328 bits

Table 6. Required SNR of TBS 328 bits

	Resource assignment
	Required SNR @ BLER 10%

	6 PRB pairs
	-2.05 dB

	12 PRB pairs
	-4.98 dB

	6 PRB pairs with 2 repetitions
	-5.00 dB


Figure 3 shows the BLER performance of TBS 504 bits and its required SNR at BLER 10% are listed in table 7. For TBS 504 bits, both 19 PRB pairs and 6PRB pairs with 3 repetitions are evaluated to provide the required SNR of the normal UE coverage around -5.0 dB.
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Figure 3. BLER performance of TBS 504 bits

Table 7. Required SNR of TBS 504 bits

	Resource assignment
	Required SNR @ BLER 10%

	6 PRB pairs
	-0.50 dB

	12 PRB pairs
	-5.39 dB

	6 PRB pairs with 3 repetitions
	-5.26 dB


Figure 5 shows the BLER performance of TBS 1000 bits and its required SNR at BLER 10% are listed in table 8. For TBS 1000 bits, both 19 PRB pairs and 6PRB pairs with 3 repetitions are evaluated to provide the required SNR of the normal UE coverage around -5.0 dB.
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Figure 4. BLER performance of TBS 1000 bits

Table 8. Required SNR of TBS 1000 bits

	Resource assignment
	Required SNR @ BLER 10%

	6 PRB pairs
	3.49 dB

	12 PRB pairs
	-5.69 dB

	6 PRB pairs with 3 repetitions
	-5.25 dB


Observation 1: Considering the UE bandwidth limitation of 6 PRB pairs, a coverage enhancement technique such as repetition scheme is required for TBS lager than 152 bits to provide the required SNR of the normal UE coverage around -5.0 dB as follows. 
	TBS
	Number of repetitions 
	Required SNR @ BLER 10%

	152 bits
	1
	-4.85 dB

	328 bits
	2
	-5.00 dB

	504 bits
	3
	-5.26 dB

	1000 bits
	6
	-5.25 dB


4. Conclusions

In this contribution, we make the following proposals and observations: 
Proposal 1: For the common control message, TBS is given by (ITBS=0, NPRB ≤36) entry of the TBS Table in TS 36.213

Observation 1: Considering the UE bandwidth limitation of 6 PRB pairs, a coverage enhancement technique such as repetition scheme is required for TBS lager than 152 bits to provide the required SNR of the normal UE coverage around -5.0 dB as follows. 
	TBS
	Number of repetitions 
	Required SNR @ BLER 10%

	152 bits
	1
	-4.85 dB

	328 bits
	2
	-5.00 dB

	504 bits
	3
	-5.26 dB

	1000 bits
	6
	-5.25 dB
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