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NB M2M - Optimized Uplink Pilot Design and CBS Tables 
1 Introduction
At GERAN#62, a study item named “Cellular IoT” was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. NB M2M has been proposed as one of the candidate solutions [2]. 
Two uplink modulation classes, PSK-based modulation for Class-A and GMSK-based modulation for Class-B, have been proposed (see [3], and sub-clause 7.1.3.1.2.5 of [2]). This document introduces an optimized pilot design for GMSK-based modulation used for Class-B. 
This document also introduces refinements to the uplink and downlink code block size (CBS) tables to improve resource utilization.
2 Optimized pilot design for GMSK uplink modulation
For any uplink burst in NB M2M, pilot symbols are inserted at regular intervals into the stream of data symbols. As described in sub-clause 7.1.2.1.1.3 of [2], for GMSK modulation, 5 pilots are inserted for every 10 data symbols (referred to as 5p10d). This is shown in Figure 1.
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Figure 1. Pilot pattern for GMSK modulation as described in [2]
As can be seen in [3], “the MCL target is achieved whilst also maintaining a PHY data rate of at least 211.11 bps for all data channels, which corresponds to a data rate of at least 160 bps at the SAP to the SNDCP”. In fact, a margin of at least 2 dB was observed in the coverage performance. Part of this margin can be traded for higher spectral efficiency by increasing the ratio between data and pilot symbols.
The proposed optimization is to use 4 pilots for every 11 data symbols (4p11d), as shown in Figure 2. This results in slightly degraded channel estimation performance but provides 10% higher spectral efficiency. 
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Figure 2. Optimized pilot pattern for GMSK modulation
The performance comparison between the two pilot patterns is shown in Figure 3 (simulation assumptions are the same as those in [4] for UL_SCH). The same number of information bits is carried by the simulated bursts for a given UL-MCS, so the burst duration for 4p11d is reduced by about 10% due to the lower density of pilot symbols. It can be seen that for UL MCS-3 the performance degradation for 4p11d is only 0.4 dB, and for UL MCS-4 the performance degradation for 4p11d is only 0.25 dB. These degradations are sufficiently small that there is no impact on meeting the coverage extension target, but the spectral efficiency is increased by about 10% resulting in improved uplink capacity.
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Figure 3.
Performance comparison between the two pilot patterns
3 Optimized code block size tables
The uplink code block size (CBS) table for Class-B is impacted by the change in pilot pattern, since the number of information bits in a burst of a given duration is increased. However, the method for choosing the CBS for each burst length is unchanged (see sub-clause 3.3 of [3]). 
In addition, finer burst length granularity has been introduced into the CBS table in order to optimize resource utilization. This has been implemented for UL MCS-8 with a change in burst length granularity from 40 ms to 20 ms, and for UL MCS-9 with a change in burst length granularity from 20 ms to 10 ms. Furthermore, additional CBS indexes have been defined to extend the maximum number of information bits that can be conveyed in a single burst for lower MCS indexes.
Although not impacted by the optimised pilot design for Class-B, the uplink CBS table for Class-A has been similarly refined in terms of a reduction in burst length granularity for higher MCS indexes and extension to larger CBS for lower MCS indexes. This maintains consistency with the Class-B CBS design.

The downlink CBS table has also been refined in terms of extension to larger CBS for both lower and higher MCS indexes. This improves downlink resource utilization.
The updated uplink CBS tables can be found in Appendix I, and the updated downlink CBS table can be found in Appendix II.

4 Conclusions
In this contribution, an optimized pilot design for GMSK modulation is proposed for NB M2M. Comparing with the current design, the proposal achieves 10% higher spectral efficiency with only a small performance degradation in terms of required SINR. This does not impact the ability of the solution to meet the 164 dB MCL target. 
The uplink CBS tables have been updated to reflect the modified pilot pattern for Class-B modulation and to improve uplink resource utilization for both Class-A and Class-B. The downlink CBS table has also been updated in order to improve downlink resource utilization.
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6 Appendix I: Updated CBS tables for PUSCH
6.1 CBS table for non-DCI burst type 2, Class-A
Table 1: CBS for non-DCI burst type 2, Class-A
	UL MCS index
	UL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	40
	80
	120
	160
	200
	240
	280
	320
	360
	400
	440
	480

	0-5
	40
	80
	120
	160
	200
	240
	280
	320
	360
	400
	440
	480

	6
	80
	160
	240
	320
	400
	480
	560
	640
	720
	800
	880
	960

	7
	160
	320
	480
	640
	800
	960
	1120
	1280
	1440
	1600
	1760
	1920

	UL MCS index
	UL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	520
	560
	600
	640
	680
	720
	760
	800
	840
	880
	920
	960

	0-5
	528
	560
	608
	640
	688
	720
	768
	800
	848
	880
	928
	960

	6
	1056
	1120
	1216
	1280
	1376
	1440
	1536
	1600
	1696
	1760
	1856
	1920

	7
	2112
	2240
	2432
	2560
	2752
	2880
	3072
	3200
	3392
	3520
	3712
	3840

	UL MCS index
	UL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	1000
	1040
	1080
	1120
	1160
	1200
	1240
	1280
	1320
	1360
	1400
	1440

	0-5
	1008
	1056
	1088
	1120
	1152
	1216
	1248
	1280
	1312
	1376
	1408
	1440

	6
	2016
	2112
	2176
	2240
	2304
	2432
	2496
	2560
	2624
	2752
	2816
	2880

	7
	4032
	4160
	4352
	4480
	4672
	4800
	4992
	5120
	5312
	5440
	5632
	5760

	UL MCS index
	UL CBS index

	
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	
	Burst length (ms)

	
	1480
	1520
	1560
	1600
	1640
	1680
	1720
	1760
	1800
	1840
	1880
	1920

	0-5
	1472
	1536
	1568
	1600
	1632
	1696
	1728
	1760
	1792
	1856
	1888
	1920

	6
	2944
	3072
	3136
	3200
	3264
	3392
	3456
	3520
	3584
	3712
	3776
	3840

	7
	5952
	6080
	/
	/
	/
	/
	
	/
	/
	/
	/
	/

	UL MCS index
	UL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	20
	40
	60
	80
	100
	120
	140
	160
	180
	200
	220
	240

	8
	160
	320
	480
	640
	800
	960
	1120
	1280
	1440
	1600
	1760
	1920

	UL MCS index
	UL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	260
	280
	300
	320
	340
	360
	380
	400
	420
	440
	460
	480

	8
	2112
	2240
	2432
	2560
	2752
	2880
	3072
	3200
	3392
	3520
	3712
	3840

	UL MCS index
	UL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	500
	520
	540
	560
	580
	600
	620
	640
	660
	680
	700
	720

	8
	4032
	4160
	4352
	4480
	4672
	4800
	4992
	5120
	5312
	5440
	5632
	5760

	UL MCS index
	UL CBS index

	
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	
	Burst length (ms)

	
	740
	760
	780
	800
	820
	840
	860
	880
	900
	920
	940
	960

	8
	5952
	6080
	/
	/
	/
	/
	
	/
	/
	/
	/
	/

	UL MCS index
	UL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100
	110
	120

	9
	160
	320
	480
	640
	800
	960
	1120
	1280
	1440
	1600
	1760
	1920

	10
	320
	640
	960
	1280
	1600
	1920
	2240
	2560
	2880
	3200
	3520
	3840

	11
	480
	960
	1440
	1920
	2432
	2880
	3392
	3840
	4352
	4800
	5312
	5760

	UL MCS index
	UL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	130
	140
	150
	160
	170
	180
	190
	200
	210
	220
	230
	240

	9
	2112
	2240
	2432
	2560
	2752
	2880
	3072
	3200
	3392
	3520
	3712
	3840

	10
	4160
	4480
	4800
	5120
	5440
	5760
	6080
	/
	/
	/
	/
	/

	11
	6144
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/
	/

	UL MCS index
	UL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	250
	260
	270
	280
	290
	300
	310
	320
	330
	340
	350
	360

	9
	4032
	4160
	4352
	4480
	4672
	4800
	4992
	5120
	5312
	5440
	5632
	5760

	UL MCS index
	UL CBS index

	
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	
	Burst length (ms)

	
	370
	380
	390
	400
	410
	420
	430
	440
	450
	460
	470
	480

	9
	5952
	6080
	/
	/
	/
	/
	
	/
	/
	/
	/
	/


6.2 CBS table for non-DCI burst type 2, Class-B
Table 2: CBS for non-DCI burst type 2, Class-B
	UL MCS index
	UL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	40
	80
	120
	160
	200
	240
	280
	320
	360
	400
	440
	480

	0-5
	40
	72
	112
	144
	184
	224
	256
	296
	328
	368
	400
	440

	6
	72
	144
	224
	296
	368
	440
	512
	592
	656
	736
	800
	880

	UL MCS index
	UL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	520
	560
	600
	640
	680
	720
	760
	800
	840
	880
	920
	960

	0-5
	480
	512
	544
	592
	624
	656
	704
	736
	768
	800
	848
	880

	6
	960
	1024
	1088
	1184
	1248
	1312
	1408
	1472
	1536
	1600
	1696
	1760

	UL MCS index
	UL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	1000
	1040
	1080
	1120
	1160
	1200
	1240
	1280
	1320
	1360
	1400
	1440

	0-5
	912
	960
	992
	1024
	1056
	1088
	1152
	1184
	1216
	1248
	1280
	1312

	6
	1824
	1920
	1984
	2048
	2112
	2176
	2304
	2368
	2432
	2496
	2560
	2624

	UL MCS index
	UL CBS index

	
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	
	Burst length (ms)

	
	1480
	1520
	1560
	1600
	1640
	1680
	1720
	1760
	1800
	1840
	1880
	1920

	0-5
	1344
	1408
	1440
	1472
	1504
	1536
	1568
	1600
	1664
	1696
	1728
	1760

	6
	2688
	2816
	2880
	2944
	3008
	3072
	3136
	3200
	3328
	3392
	3456
	3520

	UL MCS index
	UL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	20
	40
	60
	80
	100
	120
	140
	160
	180
	200
	220
	240

	7
	72
	144
	224
	296
	368
	440
	512
	592
	656
	736
	800
	880

	UL MCS index
	UL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	260
	280
	300
	320
	340
	360
	380
	400
	420
	440
	460
	480

	7
	960
	1024
	1088
	1184
	1248
	1312
	1408
	1472
	1536
	1600
	1696
	1760

	UL MCS index
	UL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	500
	520
	540
	560
	580
	600
	620
	640
	660
	680
	700
	720

	7
	1824
	1920
	1984
	2048
	2112
	2176
	2304
	2368
	2432
	2496
	2560
	2624

	UL MCS index
	UL CBS index

	
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	
	Burst length (ms)

	
	740
	760
	780
	800
	820
	840
	860
	880
	900
	920
	940
	960

	7
	2688
	2816
	2880
	2944
	3008
	3072
	3136
	3200
	3328
	3392
	3456
	3520

	UL MCS index
	UL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100
	110
	120

	8
	72
	144
	224
	296
	368
	440
	512
	592
	656
	736
	800
	880

	9
	144
	296
	440
	592
	736
	880
	1024
	1184
	1312
	1472
	1600
	1760

	UL MCS index
	UL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	130
	140
	150
	160
	170
	180
	190
	200
	210
	220
	230
	240

	8
	960
	1024
	1088
	1184
	1248
	1312
	1408
	1472
	1536
	1600
	1696
	1760

	9
	1920
	2048
	2176
	2368
	2496
	2624
	2816
	2944
	3072
	3200
	3392
	3520

	UL MCS index
	UL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	250
	260
	270
	280
	290
	300
	310
	320
	330
	340
	350
	360

	8
	1824
	1920
	1984
	2048
	2112
	2176
	2240
	2368
	2432
	2496
	2560
	2624

	9
	3648
	3840
	3968
	4096
	4224
	4416
	4544
	4672
	4864
	4992
	5120
	5312

	UL MCS index
	UL CBS index

	
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	
	Burst length (ms)

	
	370
	380
	390
	400
	410
	420
	430
	440
	450
	460
	470
	480

	8
	2688
	2816
	2880
	2944
	3008
	3072
	3136
	3200
	3328
	3392
	3456
	3520

	9
	5440
	5568
	5696
	5888
	6016
	6144
	/
	/
	/
	/
	/
	/


7 Appendix II: Updated CBS table for PDSCH
7.1 CBS for non-DCI burst type 1 and variable-length part of DCI burst
Table 6-3: CBS for non-DCI burst type 1 and variable-length part of DCI burst
	DL MCS index
	DL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	40
	80
	120
	160
	200
	240
	280
	320
	360
	400
	440
	480

	0-3
	48
	96
	144
	192
	240
	288
	336
	384
	432
	480
	528
	576

	DL MCS index
	DL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	520
	560
	600
	640
	680
	720
	760
	800
	840
	880
	920
	960

	0-3
	624
	672
	720
	768
	816
	864
	912
	960
	1008
	1056
	1104
	1152

	DL MCS index
	DL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	1000
	1040
	1080
	1120
	1160
	1200
	1240
	1280
	1320
	1360
	1400
	1440

	0-3
	1200
	1248
	1296
	1344
	1392
	1440
	1488
	1536
	1584
	1632
	1680
	1728

	DL MCS index
	DL CBS index

	
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	
	Burst length (ms)

	
	1480
	1520
	1560
	1600
	1640
	1680
	1720
	1760
	1800
	1840
	1880
	1920

	0-3
	1776
	1824
	1872
	1920
	1968
	2016
	2064
	2112
	2160
	2208
	2256
	2304

	DL MCS index
	DL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	20
	40
	60
	80
	100
	120
	140
	160
	180
	200
	220
	240

	4
	48
	96
	144
	192
	240
	288
	336
	384
	432
	480
	528
	576

	DL MCS index
	DL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	260
	280
	300
	320
	340
	360
	380
	400
	420
	440
	460
	480

	4
	624
	672
	720
	768
	816
	864
	912
	960
	1008
	1056
	1104
	1152

	DL MCS index
	DL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	500
	520
	540
	560
	580
	600
	620
	640
	660
	680
	700
	720

	4
	1200
	1248
	1296
	1344
	1392
	1440
	1488
	1536
	1584
	1632
	1680
	1728

	DL MCS index
	DL CBS index

	
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47

	
	Burst length (ms)

	
	740
	760
	780
	800
	820
	840
	860
	880
	900
	920
	940
	960

	4
	1776
	1824
	1872
	1920
	1968
	2016
	2064
	2112
	2160
	2208
	2256
	2304

	DL MCS index
	DL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	
	Burst length (ms)

	
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100
	110
	120

	5
	48
	96
	144
	192
	240
	288
	336
	384
	432
	480
	528
	576

	6
	96
	192
	288
	384
	480
	576
	672
	768
	864
	960
	1056
	1152

	7
	144
	288
	432
	576
	720
	864
	1008
	1152
	1296
	1440
	1584
	1728

	8
	192
	384
	576
	768
	960
	1152
	1344
	1536
	1728
	1920
	2112
	2304

	9
	288
	576
	864
	1152
	1440
	1728
	2016
	2304
	2592
	2880
	3168
	3456

	DL MCS index
	DL CBS index

	
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	
	Burst length (ms)

	
	130
	140
	150
	160
	170
	180
	190
	200
	210
	220
	230
	240

	5
	624
	672
	720
	768
	816
	864
	912
	960
	1008
	1056
	1104
	1152

	6
	1248
	1344
	1440
	1536
	1632
	1728
	1824
	1920
	2016
	2112
	2208
	2304

	7
	1872
	2016
	2160
	2304
	2448
	2592
	2736
	2880
	3024
	3168
	3312
	3456

	8
	2496
	2688
	2880
	3072
	3264
	3456
	3648
	3840
	4032
	4224
	4416
	4608

	9
	3744
	4032
	4320
	4608
	4896
	5184
	5472
	5760
	6048
	/
	/
	/

	DL MCS index
	DL CBS index

	
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35

	
	Burst length (ms)

	
	250
	260
	270
	280
	290
	300
	310
	320
	330
	340
	350
	360

	5
	1200
	1248
	1296
	1344
	1392
	1440
	1488
	1536
	1584
	1632
	1680
	1728

	6
	2400
	2496
	2592
	2688
	2784
	2880
	2976
	3072
	3168
	3264
	3360
	3456

	7
	3600
	3744
	3888
	4032
	4176
	4320
	4464
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