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1 Introduction

At the RAN #72 meeting, a new WI proposal on Further Enhanced MTC has been approved [1]. One objective of the WI is to support higher data rates for devices such as voice capable wearable devices and health monitoring devices, which share the requirement of Rel-13 eMTC such as complexity reduction, extended battery life and coverage enhancements, but additionally requires higher data rates above 1 Mbps, mobility and may also be delay sensitive. Driven by these use cases, it is needed to support VoLTE and video codecs with higher codec data rates. Moreover, there are scenarios where Robust Header Compression (RoHC) might not be possible, or the RoHC compressor may send uncompressed headers, for instance, in the following cases:
· At the beginning of a session, as part of initial context establishment, the full header is sent (i.e., transmission without protocol header compression)

· In case of VoLTE packet failures at PHY (after HARQ; no ARQ at RLC or application layer for VoLTE), the receiver may send RoHC feedback to notify a bad sync of the RoHC context. The header compressor at the Tx side transmits the full header information as part of the “Refresh and re-initialization” of the RoHC context. 

· In case of periodic refresh of the RoHC context, for instance when RoHC mode is uni-directional.
VoLTE and audio and video codecs with high codec data rates, scenarios without RoHC or with uncompressed header, and cases with larger DRX cycles, demand the support of large TBS (greater than 1000 bits), while demanding strict delay/throughput and coverage requirements. In this contribution, we present some initial studies on the bandwidth and TBS increase for FeMTC, to support the use cases requiring higher data rates while not sacrificing the coverage. 
2 Link-level evaluation for unicast PDSCH and PUSCH transmissions with increased TBS
In this section, we present the link-level evaluation results for unicast PDSCH and PUSCH transmissions with increased TBS. We compare the scenarios with fixed bandwidth and increased TBS, to the scenarios with increased bandwidth along with the increased TBS.
Taking the 64 kbps streaming data rate as an example, the corresponding data rate is about 76.5 kbps considering headers. This results in payload size of ~1900 bits with 26ms transmission time. Mapping the payload to TBS, we select the TBS of 1800 bits for 6-PRB, 1864 bits for 12-PRB and 18-PRB and 2088 bits for 24-PRB allocations for comparison, since the these TBSs are close to 1900 bits and close to each other in the simulated cases with various number of PRBs. Taking the RL=16 for unicast PDSCH and RL=32 for PUSCH for example, the MCL calculation for the selected TBSs PRBs for 6-PRB, 12-PRB, 18-PRB and 24-PRB allocations are given by Table 1, Table 2, Table 3 and Table 4, respectively. The required SNR is at BLER=1%, which corresponds to the cases with one HARQ transmission (i.e. with only initial transmission). For BLER=10%, which can be the requirement for cases with multiple HARQ transmissions, the MCL can be found in Table 5 and Table 6.
	Physical channel name
	PUSCH
	PDSCH

	Transmitter
	 
	 

	(0) Max Tx power(dBm)
	23
	46

	(1) Actual Tx power (dBm)
	23
	36.79

	Receiver
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	9

	(5) Occupied ch bandwidth (Hz)
	1080000
	1080000

	(6) Effective noise power
= (2) + (3) + 10 log((5))  (dBm)
	-108.67
	-104.67

	(7) Required SINR (dB)
	-2.00
	4.80

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-110.67
	-99.87

	(9) Baseline MCL
= (1) - (8) (dB)
	133.67
	136.66


Table 1. Example of MCL calculation for TBS=1800 bits with 6-PRB allocation.

	Physical channel name
	PUSCH
	PDSCH

	Transmitter
	 
	 

	(0) Max Tx power(dBm)
	23
	46

	(1) Actual Tx power (dBm)
	23
	39.80

	Receiver
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	9

	(5) Occupied ch bandwidth (Hz)
	2160000
	2160000

	(6) Effective noise power
= (2) + (3) + 10 log((5))  (dBm)
	-105.66
	-101.66

	(7) Required SINR (dB)
	-6.70
	0.10

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-112.36
	-101.56

	(9) Baseline MCL
= (1) - (8) (dB)
	135.36
	141.36


Table 2. Example of MCL calculation for TBS=1864 bits with 12-PRB allocation.

	Physical channel name
	PUSCH
	PDSCH

	Transmitter
	 
	 

	(0) Max Tx power(dBm)
	23
	46

	(1) Actual Tx power (dBm)
	23
	41.56

	Receiver
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	9

	(5) Occupied ch bandwidth (Hz)
	3240000
	3240000

	(6) Effective noise power
= (2) + (3) + 10 log((5))  (dBm)
	-103.89
	-99.89

	(7) Required SINR (dB)
	-8.40
	-2.5

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-112.29
	-102.39

	(9) Baseline MCL
= (1) - (8) (dB)
	135.29
	143.96


Table 3. Example of MCL calculation for TBS=1864 bits with 18-PRB allocation.

	Physical channel name
	PUSCH
	PDSCH

	Transmitter
	 
	 

	(0) Max Tx power(dBm)
	23
	46

	(1) Actual Tx power (dBm)
	23
	42.81

	Receiver
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	9

	(5) Occupied ch bandwidth (Hz)
	4320000
	4320000

	(6) Effective noise power
= (2) + (3) + 10 log((5))  (dBm)
	-102.65
	-98.65

	(7) Required SINR (dB)
	-9.10
	-3.50

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-111.75
	-102.15

	(9) Baseline MCL
= (1) - (8) (dB)
	134.75
	144.96


Table 4. Example of MCL calculation for 2088 bits with 24-PRB allocation.

For unicast PDSCH transmission, it can be seen from the above MCL calculation tables that there is up to 4.7dB gain by increasing the bandwidth from 6 PRBs to 12 PRBs. By increasing to 24 PRBs, the gain can be up to 8.3dB. In additional to coding gain from larger bandwidth, more power is allocated for PDSCH transmission with larger bandwidth, and thus there is power gain which benefits the coverage for DL. Therefore, for video streaming use cases with heavy DL traffic, the increase of bandwidth can significantly improve the performance in terms of achievable coverage within certain delay constraints. 

On the other hand, for the PUSCH transmission, MCL calculation tables above show that there is up to ~1.6dB gain by increasing the bandwidth from 6 PRBs to 12 PRBs. The PUSCH with 12 PRBs and with 18 PRBs achieve almost the same coverage for same TBS. The gain achieved by increasing bandwidth is mainly due to the coding gain by allocating more resources. 
Note:  The considered TBS for 24 PRBs here is a bit larger than the TBS for 12 and 18 PRBs, so the PUSCH MCL is a little less than the PUSCH MCL for 12 and 18 PRBs. For higher payload size, larger gain can be expected by increasing bandwidth to 24 PRBs. For example, as illustrated in Table 6 below, the PUSCH MCL for TBS of 2984 bits with 24 PRBs is 2.28dB larger than PUSCH MCL for TBS of 2984 bits 6 PRBs, and is 1.29dB larger than MCL for TBS of 2726 bits with 12 PRBs.
As mentioned above, Table 5 and Table 6 provide the MCL for unicast PDSCH and PUSCH transmissions with various TBSs and bandwidths, at both BLER=1% and BLER=10%. Note that the TBS selection depends on the VoLTE/audio/video codec data rates and the DRX cycles, which further depends on the number of repetition levels (RLs) needed to achieve a certain coverage. The TBS in following tables are selected as examples for initial studies. 
Table 5. The MCL (dB) for unicast PDSCH with 6, 12, 18, and 24 PRBs.
	RL
	BLER=1%, 
Payload (bits) for PDSCH with 6 PRBs

	
	

	
	1032
	1352
	1544
	1736
	1800
	1928
	2152
	2792
	2984

	2
	130.06
	128.66
	127.66
	127.46
	127.36
	124.96
	124.56
	123.66
	122.66

	4
	133.06
	131.96
	130.86
	130.56
	130.76
	129.46
	129.06
	127.46
	127.36

	8
	135.66
	134.86
	134.26
	133.26
	133.96
	132.56
	132.36
	131.16
	130.46

	16
	138.66
	137.56
	137.36
	136.76
	136.66
	135.76
	135.16
	134.26
	134.06

	32
	141.96
	141.06
	140.46
	139.76
	140.06
	139.16
	138.66
	137.36
	137.36


	RL
	BLER=10%,
Payload (bits) for PDSCH with 6 PRBs 

	
	

	
	1032
	1352
	1544
	1736
	1800
	1928
	2152
	2792
	2984

	2
	135.26
	134.06
	133.16
	132.76
	132.46
	130.26
	129.66
	128.66
	128.46

	4
	138.26
	137.26
	136.66
	135.96
	135.86
	134.86
	134.36
	133.06
	132.76

	8
	141.16
	140.06
	139.26
	138.76
	138.66
	137.96
	137.46
	136.16
	135.86

	16
	143.76
	142.66
	142.16
	141.66
	141.56
	140.76
	140.26
	139.26
	138.86

	32
	146.46
	145.26
	144.76
	144.26
	143.96
	143.26
	142.96
	141.96
	141.46


	RL
	BLER=1%,
Payload (bits) for PDSCH with 12 PRBs
	BLER=10%, 
Payload (bits) for PDSCH with 12 PRBs

	
	
	

	
	840
	1480
	1672
	1864
	2088
	2728
	840
	1480
	1672
	1864
	2088
	2728

	2
	135.36
	133.06
	132.66
	132.36
	130.46
	129.26
	140.46
	138.16
	137.56
	137.16
	135.46
	134.16

	4
	138.46
	136.56
	135.76
	135.56
	133.66
	132.26
	143.26
	141.16
	140.56
	140.26
	138.56
	137.36

	8
	141.46
	139.36
	138.66
	137.96
	136.66
	135.36
	146.16
	144.06
	141.66
	143.06
	141.26
	140.26

	16
	144.26
	141.96
	141.76
	141.36
	139.66
	138.16
	148.66
	146.66
	146.16
	145.76
	144.06
	142.86

	32
	147.46
	145.56
	144.86
	144.86
	142.66
	141.36
	151.26
	149.36
	149.06
	148.66
	146.56
	145.36


	RL
	BLER=1%, 
Payload (bits) for PDSCH with 18 PRBs
	BLER=10%, 
Payload (bits) for PDSCH with 18 PRBs

	
	1032
	1864
	2856
	1032
	1864
	2856

	2
	137.26
	134.86
	133.06
	141.46
	139.16
	137.36

	4
	140.16
	138.26
	136.26
	144.46
	142.26
	140.36

	8
	142.66
	140.86
	139.16
	147.06
	144.96
	143.26

	16
	145.56
	143.96
	141.86
	149.46
	147.66
	146.16


	RL
	BLER=1%,
Payload (bits) for PDSCH with 24 PRBs
	BLER=10%,
Payload (bits) for PDSCH with 24 PRBs

	
	
	

	
	1064
	1384
	1736
	2088
	2984
	1064
	1384
	1736
	2088
	2984

	2
	139.16
	137.86
	137.16
	135.76
	134.66
	142.86
	141.76
	140.96
	140.26
	138.56

	4
	141.96
	140.96
	139.86
	139.06
	137.76
	145.66
	144.66
	143.86
	143.06
	141.66

	8
	144.46
	143.86
	142.76
	142.06
	140.66
	148.26
	147.36
	146.66
	145.66
	144.56

	16
	147.16
	146.26
	145.36
	144.96
	143.66
	150.66
	149.66
	149.16
	148.36
	147.16

	32
	149.96
	148.96
	148.46
	147.46
	146.76
	153.16
	152.36
	151.76
	151.06
	149.86


Table 6. The MCL (dB) for PUSCH with 6, 12, 18, and 24 PRBs.

	RL
	BLER=1%, 
Payload (bits) for PUSCH with 6 PRBs

	
	

	
	1032
	1352
	1544
	1736
	1800
	1928
	2152
	2792
	2984

	2
	124.87
	122.47
	121.77
	120.77
	120.77
	120.07
	119.87
	116.07
	114.97

	4
	127.97
	125.27
	125.17
	124.47
	124.07
	123.87
	123.37
	121.17
	120.57

	8
	130.87
	128.37
	128.47
	127.27
	127.67
	126.97
	126.27
	124.47
	124.37

	16
	134.17
	131.47
	130.97
	130.37
	130.27
	129.97
	129.27
	127.77
	127.37

	32
	138.27
	135.17
	134.67
	133.97
	133.67
	133.57
	132.97
	131.87
	131.27

	64
	142.37
	138.97
	138.47
	137.97
	137.57
	137.17
	136.77
	135.17
	135.17


	RL
	BLER=10%,
Payload (bits) for PUSCH with 6 PRBs 

	
	

	
	1032
	1352
	1544
	1736
	1800
	1928
	2152
	2792
	2984

	2
	130.47
	128.07
	127.27
	126.77
	126.57
	126.17
	125.27
	122.27
	121.97

	4
	133.57
	131.07
	130.47
	130.07
	129.77
	129.67
	129.07
	127.17
	126.87

	8
	136.47
	134.17
	133.37
	132.97
	132.67
	132.67
	131.87
	130.17
	129.97

	16
	139.37
	136.87
	136.37
	135.67
	135.67
	135.27
	134.67
	133.17
	132.97

	32
	142.37
	139.47
	138.87
	138.47
	138.27
	137.77
	137.47
	135.77
	135.57

	64
	145.77
	142.27
	141.77
	141.27
	140.97
	140.67
	140.37
	138.77
	138.37


	RL
	BLER=1%,
Payload (bits) for PUSCH with 12 PRBs
	BLER=10%, 
Payload (bits) for PUSCH with 12 PRBs

	
	
	

	
	840
	1480
	1672
	1864
	2088
	2728
	840
	1480
	1672
	1864
	2088
	2728

	2
	126.06
	124.06
	123.36
	122.56
	122.06
	119.56
	131.46
	128.96
	128.36
	127.86
	127.46
	124.96

	4
	129.26
	126.76
	126.06
	125.86
	125.56
	122.56
	134.36
	131.96
	131.46
	130.86
	130.56
	128.06

	8
	131.76
	129.66
	129.16
	128.36
	128.16
	125.86
	137.16
	134.76
	134.36
	134.06
	133.56
	130.96

	16
	134.66
	132.96
	132.46
	131.86
	131.56
	128.66
	139.86
	137.66
	137.16
	136.66
	136.46
	133.76

	32
	138.46
	136.26
	136.06
	135.36
	135.16
	132.26
	142.56
	140.56
	140.16
	139.76
	139.36
	136.46

	64
	142.26
	140.16
	139.86
	139.96
	139.26
	136.26
	145.46
	143.76
	143.46
	142.96
	142.56
	139.26


	RL
	BLER=1%,
Payload (bits) for PUSCH with 18 PRBs
	BLER=10%,
Payload (bits) for PUSCH with 18 PRBs

	
	1032
	1864
	2856
	1032
	1864
	2856

	2
	125.29
	122.79
	120.89
	130.39
	127.89
	126.09

	4
	127.99
	125.69
	124.19
	133.29
	130.89
	129.09

	8
	130.99
	128.79
	126.79
	135.99
	133.69
	132.09

	16
	134.09
	131.99
	130.29
	138.69
	136.59
	134.89

	32
	137.49
	135.29
	133.79
	141.09
	139.39
	137.79


	RL
	BLER=1%,
Payload (bits) for PUSCH with 24 PRBs
	BLER=10%,
Payload (bits) for PUSCH with 24 PRBs

	
	
	

	
	1064
	1384
	1736
	2088
	2984
	1064
	1384
	1736
	2088
	2984

	2
	125.35
	124.05
	123.25
	122.65
	120.85
	130.25
	129.15
	128.25
	127.35
	125.85

	4
	128.25
	127.15
	126.35
	125.35
	124.45
	133.05
	132.05
	131.15
	130.45
	128.85

	8
	131.15
	129.75
	129.15
	128.15
	126.85
	135.75
	134.75
	133.95
	133.25
	131.75

	16
	133.95
	132.85
	132.25
	131.75
	130.15
	138.35
	137.25
	136.65
	135.85
	134.65

	32
	137.15
	136.25
	135.25
	134.75
	133.65
	140.85
	140.05
	139.35
	138.65
	137.65

	64
	140.55
	139.85
	139.25
	138.25
	137.45
	143.55
	142.65
	142.15
	141.55
	140.45


It can be observed from Table 5 and from the BLER curves given in Figure 1 (in Appendix B) that, the DL coverage with payload size larger than 1000 bits for 6-PRB allocation is quite limited. For example, consider the normal coverage of Rel-13 Cat M1 UE, with targeting SNR=-4.1dB. The number of required repetitions for 6-PRB allocation at SNR=-4.1dB is much larger than 16 (which may result in large delay) even for the TBS of 1032 bits with BLER=1% or 10%, let alone the use cases with larger payload size such as the 64 kbps streaming codec. Moreover, coverage enhancements (with targeting SNR smaller than -4.1dB) may be desired, which further motivates the need to improve the MCL. 
In summary, we make the following observations from the link-level evaluation results with large TBS.

Observation 1:
· The MCL for both PDSCH and PUSCH transmissions can be improved for large TBSs (greater than 1000 bits), by increasing the bandwidth from 6 PRBs to 12, 18 or 24 PRBs.

·  For PDSCH with payload size about 1800-2000 bits and RL=16 at BLER=1%, the MCL gain can be up to 4.7dB and 8.3dB by increasing bandwidth from 6 to 12 PRBs and from 6 to 24 PRBs, respectively.

·  For PUSCH with payload size about 1800 bits and RL= 32, the MCL gain can be up to ~1.6dB by increasing bandwidth from 6 to 12 or 18 PRBs. The MCL for 12 and 18 PRBs is about the same for payload size of ~1800 bits. 

· For PUSCH with larger payload size, the gain by increasing bandwidth is larger, e.g. for TBS of ~2900 bits, the MCL gain is ~2.3dB and ~1.3dB by increasing bandwidth from 6 to 24 PRBs and from 12 to 24 PRBs, respectively.

· Targeting the SNR=-4.1dB and BLER=1% or 10%, the number of required repetitions for PDSCH with payload size larger than 1000 bits transmitted over 6 PRBs is much larger than 16. In other words, within a certain delay constraint, MCL is quite limited for PDSCH with 6-PRB allocation in use cases demanding large TBS. 

· It is not feasible to achieve good tradeoff between coverage and delay for VoLTE/audio/video services requiring high data rates with 6-PRB bandwidth.
Based on these observations, we make the following proposal. 
Proposal 1:
· To support TBS greater than 1000 bits subject to delay/throughput and coverage requirements, resource allocation for PDSCH and PUSCH with larger bandwidth is needed.
3 Conclusion

In this contribution, we provided initial analysis for FeMTC use cases demanding large TBS. We make comparisons on the link-level evaluation results between 6-PRB bandwidth and increased bandwidth along with increased TBS. Based on the presented link-level studies, we make the following observations and proposal:
Observation 1:
· The MCL for both PDSCH and PUSCH transmissions can be improved for large TBSs (greater than 1000 bits), by increasing the bandwidth from 6 PRBs to 12 or 24 PRBs.

·  For PDSCH with payload size about 1800-2000 bits and RL=16 at BLER=1%, the MCL gain can be up to 4.7dB and 8.3dB by increasing bandwidth from 6 to 12 PRBs and from 6 to 24 PRBs, respectively.

·  For PUSCH with payload size about 1800 bits and RL= 32, the MCL gain can be up to ~1.6dB by increasing bandwidth from 6 to 12 or 18 PRBs. The MCL for 12 and 18 PRBs is about the same for payload size of ~1800 bits. 

· For PUSCH with larger payload size, the gain by increasing bandwidth is larger, e.g. for TBS of ~2900 bits, the MCL gain is ~2.3dB and ~1.3dB by increasing bandwidth from 6 to 24 PRBs and from 12 to 24 PRBs, respectively. 

· Targeting the SNR=-4.1dB and BLER=1% or 10%, the number of required repetitions for PDSCH with payload size larger than 1000 bits transmitted over 6 PRBs is much larger than 16. In other words, within a certain delay constraint, MCL is quite limited for PDSCH with 6-PRB allocation in use cases demanding large TBS. 

· It is not feasible to achieve good tradeoff between coverage and delay for VoLTE/audio/video services requiring high data rates with 6-PRB bandwidth.
Proposal 1:
· To support TBS greater than 1000 bits subject to delay/throughput and coverage requirements, resource allocation for PDSCH and PUSCH with larger bandwidth is needed.
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Appendix A: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2 with low correlation

	Channel model
	EPA-5Hz

	Residual frequency offset
	0Hz 

	PDSCH occupied BW
	6, 12, 18, 24 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER, 10% BLER

	Channel estimation
	Cross-subframe channel estimation using 2D-MMSE


Table 7. Simulation assumptions for PDSCH. 

	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2 with low correlation

	Channel model
	EPA-5Hz

	Residual frequency offset
	100Hz 

	PUSCH occupied BW
	6, 12, 18, 24 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER, 10% BLER

	Channel estimation
	Cross-subframe channel estimation using 2D-MMSE


Table 8. Simulation assumptions for PUSCH. 
Appendix B: Link-level Results
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Figure 1. PDSCH link-level performance, with 6 PRBs.
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Figure 2. PDSCH link-level performance, with 12 PRBs.
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Figure 3. PDSCH link-level performance, with 18 PRBs.
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Figure 4. PDSCH link-level performance, with 24 PRBs.
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Figure 5. PUSCH link-level performance, with 6 PRBs.
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Figure 6. PUSCH link-level performance, with 12 PRBs.
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Figure 7. PUSCH link-level performance, with 18 PRBs.
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Figure 8. PUSCH link-level performance, with 24 PRBs.
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