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Introduction
In the RAN1 102-e meeting, following agreements have been captured in [1].
Agreement
Further study on TBS/MCS table design, resource assignment and TBS allocation to support 16QAM in DL considering at least:
· MCS field size
· Achievable code rates
· Avoidance of link-adaptation issues (i.e., large SINR differences between different entries within one TBS row or between different entries in adjacent TBS rows)
· The break point between different modulation schemes
· Impacts of deployment modes
· Indication of modulation scheme for retransmissions
· Applicability of repetitions
· UE data rate
In this contribution, based on the approved simulation consumption, we investigate the MCS table design and applicability of repetitions.
Discussions
Investigation on MCS table design
As discussed last meeting, support of 16QAM necessarily introduces MCS table which may be designed as LTE. In [2], we put forward an initial TBS table for NPDSCH as follow.
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 

	14
	256
	552
	840
	1128
	1416
	1736
	2280
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2472
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2600
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2856
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	3112
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	3496
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3752
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	4008
	4968



Table 1: Transport block size (TBS) table to support 16QAM for NPDSCH


Based on Table1, we investigate avoidance of link-adaptation issues (i.e., large SINR differences between different entries within one TBS row or between different entries in adjacent TBS rows). Because code rate is much smooth along the TBS row in Table1, we focus on column situation. Due to support of 16QAM, we can find the code rate curve along column encounters a break point between (=14) and (=13), so we select 6 items near the break point to do simulation. Based on approved Simulation assumptions for DL, the simulation result is illustrated in Figure 1. 
	Parameter
	Value/Description

	Operation mode for DL
	Stand-alone

	Number of antennas
	1T, 1R

	Channel model 
	AWGN

	Time Resource
	10 sub-frames(Isf=7)

	Frequency Resource
	1 PRB

	Number of repetitions
	Baseline number of repetitions = 1/2

	Modulation Order
	QPSK, 16-QAM

	Noise Estimation
	Ideal

	Channel Estimation
	Realistic

	Frequency Offset
	0

	Time Offset
	0



Figure1: BLER on 10ms RU




We can find that there is a 2.1dB SNR interval between 16QAM (=14) and QPSK (=13. The left 3 curves (QPSK) are loose (0.8 dB interval) than right 3 curves (0.35dB interval) due to the different step of code rate along last column in Table 1. For the sake of simplicity, it’s unnecessary to insert a new TBS between 2536 and 2856, thus there are 2 options to narrow down the 2.1dB SNR interval, option1 is setting =14 (2856 bit) for QPSK, and option2 is setting =13 (2536 bits) for 16QAM. Option1 will get 0.939 code rate however option2 gets 0.42 code rate. Thus option2 is preferred and the corresponding MCS table should be like following considering 5-bit MCS is adopted:
	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12
	2
	12

	13
	2
	13

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	4
	17

	19
	4
	18

	20
	4
	19

	21
	4
	20

	22
	4
	21



Table 2: DL MCS table for NB-IOT 16QAM
[bookmark: _GoBack]Proposal:  5-bit MCS should be adopted and Table 2 should be DL MCS table 
Investigation on applicability of repetitions
[bookmark: _Toc23506461]As we know, besides the time diversity gain, the repetition method essentially is an exchange between power/time resource and SNR. Here we consider two possible scenarios for repetition, one is using repetition-16QAM to replace normal 16QAM, and the other one is using repetition-16QAM to replace normal QPSK. Considering most of NB-IOT application scenarios are low speed and there is no fading channel suggestion until last meeting, we preliminarily do simulation based on approved simulation consumption i.e. AWGN. We select 3 typical cases to compare and Table 3 is the configuration detail, Figure 2/3/4 are the results. Here are 3 temporary definitions for convenience: 
· Repetition-16QAM: with repetition
· Normal 16QAM: without repetition
· Normal QPSK: without repetition
	
	With 1 Repetition
	without repetition
	without repetition

	Figure2
	16QAM
TBS=488 bits
RU length=1 sub-frame
Total time resource=2 ms
	16QAM
TBS=552 bits
RU length=2 sub-frames
Total time resource=2 ms
	QPSK
TBS=488
RU length=2 sub-frames
Total time resource=2 ms

	Figure3
	16QAM
TBS=1000
RU length=2 sub-frames
Total time resource=4 ms
	16QAM
TBS=1128
RU length=4 sub-frames
Total time resource=4 ms
	QPSK
TBS=1000
RU length=4 sub-frames
Total time resource=4 ms

	Figure4
	16QAM
TBS=2472
RU length=5 sub-frames
Total time resource=10 ms
	16QAM
TBS=2856
RU length=10 sub-frames
Total time resource=10 ms
	QPSK
TBS=2536
RU length=10 sub-frames
Total time resource=10 ms



Table 3: Typical cases for repetition investigation


Figure2: BLER on 1ms and 2ms RU

Figure3: BLER on 2ms and 4ms RU

Figure4: BLER on 5ms and 10ms RU
From above simulation, we could observe that the repetition-16QAM is worse more than normal QPSK. Even comparing to normal 16QAM which has larger TBS (means higher code rate), the repetition-16QAM still be worse more than 1 db.
Observation: Repetition for 16QAM has much worse performance under AWGN.
Conclusions
In this contribution we have investigated the MCS table design and applicability of repetitions. Based on the observation, it seems that repetition for 16QAM doesn’t work well. And for MCS table design we have one proposal:
Observation: Repetition for 16QAM has much worse performance under AWGN.
Proposal: 5-bit MCS should be adopted and Table 2 should be DL MCS table i.e. 
	
MCS Index

	
Modulation Order

	
TBS Index


	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	11

	12
	2
	12

	13
	2
	13

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	4
	17

	19
	4
	18

	20
	4
	19

	21
	4
	20

	22
	4
	21
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BLER vs SNR
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BLER vs SNR
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BLER vs SNR
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