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1 Introduction

In RAN1 #86 meeting [1], the following agreements on the support of larger max TBS for FeMTC have been made:

· For Rel-14 FeMTC UEs, the maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.

· Idle mode operations reuse the Rel-13 eMTC design.

· For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH:

· The larger max. DL TBS is at least 2984 bits.

· The larger max. UL TBS is at least 2984 bits.

· For Rel-14 FeMTC UEs with larger TBS and channel BW:

· Idle mode operations reuse the Rel-13 eMTC design.
In this contribution, we discuss the mechanism to support larger maximum TBS for UEs supporting up to 1.4 MHz channel bandwidth (BW) and for UEs supporting up to 5 MHz channel BW. We also perform coverage analysis as well as the soft buffer size studies for the support of larger maximum TBS, which suggests the range of maximum TBS values to be supported for UEs with larger maximum channel BW. 
To facilitate the discussion on the mechanism to support larger TBS, the MCS and corresponding TBS indication for PDSCH and for PUSCH in Rel-13 eMTC are illustrated in Table 1 and Table 2, respectively [2]. In Rel-13 eMTC, 4 bits are used for MCS indication in DCI format 6-1A for PDSCH and also in DCI format 6-0A for PUSCH, where MCS index has ranges from 0 to 15 corresponding to TBS indexes from 0 to 14.
Table 1: Modulation and TBS index table for PDSCH

	MCS Index
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	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
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14


Table 2: Modulation and TBS index table for PUSCH

	MCS Index
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	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
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14


2 Mechanism to support larger maximum UL TBS for UEs supporting up to 1.4 MHz channel BW
In this section, we discuss the mechanism to support larger maximum UL TBS for CEMode A UEs supporting up to 1.4 MHz channel BW. 
Referring to the TBS table (Table 7.1.7.2.1-1) in [3], the maximum TBS of 2984 bits for 6-PRB allocation corresponds to TBS index of 21. Recall that the existing DCI format 6-0A supports the indication of MCS index from 0 to 15. To support the maximum UL TBS of 2984 bits, one method proposed in [4] is to add an offset to the MCS index IMCS for CEMode A UEs with maximum 1.4 MHz channel BW supporting up to TBS of 2984 bits. Specifically, IMCS+6 is used as the TBS index to cover the maximum TBS index of 21. With this method, the existing DCI design can be reused and the spec changes can be minimized. However, for these CEMode A UEs supporting larger maximum TBS, all the TBS values are shifted via the offset 6, with TBS index range being from 6 to 21. This will result in coarser link adaption, from which the coverage will be sacrificed.
Alternatively, to improve the link adaptation and coverage performance, one extra bit can be added to the MCS field of the UL grant to support more TBS values. The MCS and TBS indication can then follow the Table 8.6.1-1 in [3] for PUSCH. Though this option leads to some changes needed for the DCI design, as discussed in our companion contribution [5], the enhancements for higher data rate operation anyway require new DCI designs, and this additional bit may be absorbed in the joint DCI design for the support of various enhancements, by re-interpreting the bit for different indications in different scenarios. However, it may not be the case for TDD UEs.  
Observation 1:
· To support UL TBS of 2984 bits for CEMode A UEs supporting maximum UE channel BW of 1.4 MHz, an offset 6 added to the MCS index can be used as the TBS index in DCI format 6-0A, at the cost of coarser link adaption and coverage loss.
· To support UL TBS of 2984 bits for CEMode A UEs supporting maximum UE channel BW of 1.4 MHz, one extra bit can be added to the MCS field in DCI format 6-0A if it can be absorbed as part of other enhancements for TDD and HD-FDD UEs. 

· However, it may not be the case for TDD UEs.
Proposal 1:
· To support UL TBS of 2984 bits for CEMode A UEs supporting maximum UE channel BW of 1.4 MHz, an offset 6 is added to the MCS index to be interpreted as the TBS index in DCI format 6-0A, at the cost of coarser link adaption and coverage loss. 
3 Maximum TBS for UEs supporting larger UE channel BW
In this section, we focus on UEs supporting larger UE channel BW. We present the link-level performance on larger TBS for UEs supporting 5 MHz channel BW and investigate the impact of larger TBS on soft buffer size, based on which we discuss the range of TBSs to be supported for these UEs. Additionally, we investigate the mechanism to support larger TBS for UEs supporting larger maximum channel BW. 
3.1 MCL study for larger TBS
Taking the TBS of 2984 bits for 24-PRB allocation as an example, the MCL calculation for PUSCH and PDSCH with RL=32 at BLER= 10% is given by Table 3. 

Table 3. Example of MCL calculation for TBS=2984 bits with 24-PRB allocation and RL=32 at BLER=10%.
	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)
	4320000
	4320000

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

	(7) Required SINR (dB)
	-11.70
	-8.40

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-114.35
	-107.05

	(9) Baseline MCL
= (1) - (8) (dB)
	137.35
	149.86


More studies on MCL for PDSCH and PUSCH transmissions with various large TBSs are presented in Table 4 and Table 5, respectively.
Table 4. The MCL (dB) for PDSCH with 24 PRBs.
	RL
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PDSCH with 24 PRBs
	Payload (bits) for PDSCH with 24 PRBs

	
	2984
	3752
	4264
	5544
	6200
	7224
	2984
	3752
	4264
	5544
	6200
	7224

	2
	134.66
	133.76
	132.06
	130.46
	129.56
	128.86
	138.56
	137.66
	135.96
	134.56
	133.66
	132.96

	4
	137.76
	137.06
	135.06
	133.86
	133.16
	132.66
	141.66
	140.86
	138.96
	137.76
	137.06
	136.36

	8
	140.66
	139.96
	137.86
	136.66
	136.16
	135.36
	144.56
	143.46
	141.86
	140.56
	139.86
	139.26

	16
	143.66
	142.66
	140.96
	139.66
	139.06
	138.26
	147.16
	146.46
	144.56
	143.26
	142.76
	142.06

	32
	146.76
	145.46
	143.56
	142.36
	141.66
	141.36
	149.86
	149.16
	146.96
	145.96
	145.26
	144.76


 Table 5. The MCL (dB) for PUSCH with 24 PRBs.
	RL
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PUSCH with 24 PRBs
	Payload (bits) for PUSCH with 24 PRBs

	
	2984
	3752
	4264
	5544
	6200
	7224
	2984
	3752
	4264
	5544
	6200
	7224

	2
	120.85
	119.95
	119.35
	116.85
	116.25
	115.65
	125.85
	124.95
	124.45
	121.65
	121.05
	120.55

	4
	124.45
	123.15
	122.75
	120.05
	119.45
	119.05
	128.85
	127.95
	127.35
	125.05
	124.45
	123.75

	8
	126.85
	125.95
	125.75
	123.15
	122.55
	121.85
	131.75
	130.85
	130.35
	127.95
	127.35
	126.65

	16
	130.15
	128.95
	128.65
	125.95
	125.45
	124.65
	134.65
	133.55
	133.25
	130.65
	130.05
	129.45

	32
	133.55
	132.35
	132.35
	129.45
	128.75
	127.95
	137.35
	136.65
	136.15
	133.45
	132.85
	132.05


From the above MCL results, it can be observed that the coverage reduces as TBS increases. This is mainly due to the impact from higher modulation order and the loss in coding gain as TBS increases. Comparing to MCL of 2984 bits with RL=32 at BLER=10%, the coverage loss is ~3.9dB for both PDSCH and PUSCH by increasing TBS to 5544bits. The coverage loss is more significant by increasing TBS to 7224 bits, which is ~5.1dB for PDSCH and ~5.3dB for PUSCH at BLER=10% with RL=32.
Observation 2:
· The coverage reduces as TBS increases, due to the impact from higher modulation order and the loss in coding gain:
· Comparing to TBS of 2984 bits with RL=32 at BLER=10%, the coverage loss is ~3.9dB for both PDSCH and PUSCH with TBS of 5544bits.
· Comparing to TBS of 2984 bits with RL=32 at BLER=10%, the coverage loss is ~5.1dB for PDSCH and ~5.3dB for PUSCH with TBS of 7224 bits.
· The coverage will be quite limited to support very large TBS, e.g. TBS larger than 5000 bits.
3.2 The impact of large TBS on soft buffer size
Besides the impact on MCL, this section focuses on the impact of increasing TBS on the required soft buffer size. With Full Buffer Rate Matching (FBRM), we provide an example of the soft buffer size calculation in Table 6. 
Table 6. Example of soft channel bits calculation for TBS=2984 bits

	(0) Max TB per TTI
	2984

	(1) TB per codeword
	2984

	(2) Number of codeblocks
= Ceil{((1) + 24) / (6144-24)}
	1

	(3) TB size together with CRC
= (2) + 24
	3008

	(5) Number of encoded bits per output stream:
= (4) + 4
	3012

	(6) Sub-block interleave size:
= ceil{(5)/32}*32
	3040

	(7) Mother coding rate
	1/3

	(8) Max HARQ processes
	8

	(9) Total soft channel bits:
= (6) * (1/(7))*(2)*(8)
	72960


Following the above calculation method, the number of soft channel bits with FBRM for various TBSs are summarized in Table 7. There is another scheme called Limited Buffer Rate Matching (LBRM), which has a maximum effective mother code rate of 2/3 [6]. We also provide the needed soft buffer size for various TBSs if LBRM is adopted. 
Table 7. The number of soft channel bits for various TBSs
	Payload bits
	1000
	2984
	3752
	4264
	5544
	6200
	7224

	FBRM
	12672
	36480
	45696
	51456
	67200
	149760
	174336

	LBRM
	25344
	72960
	91392
	102912
	134400
	299520
	348672


It can be observed that as the TBS increases, the required soft buffer size also increases. Specifically, comparing to TBS of 2984 bits, the number of soft channel bits is increased ~4.1x and ~4.8x for TBS of 6200 bits and 7224 bits, respectively, mainly due to the doubled number of codeblocks for these large TBS values. Note that the above calculation of soft buffer size is based on the assumption of 8 DL HARQ processes, even though the maximum number of DL HARQ processes is to be increased to 10 for FD-FDD FeMTC UEs. 

In summary, we make the following observations from the study of soft buffer size needed to support large TBS.
Observation 3:
· The soft buffer size increases as TBS increases. The increase in required soft buffer size is significant for large TBS values, e.g. TBS greater than 6000 bits:
· The number of soft channel bits is increased ~4.1x and ~4.8x for TBS of 6200 bits and 7224 bits, respectively, compared to TBS of 2984 bits.

Based on the observations in Section 3.1 and this section, it is desirable to limit the maximum TBS to be no more than 5000 bits. Moreover, the achievable peak data rates for DL and UL with maximum TBS of 4264 and 4776 bits for FD-FDD UEs are ~4.3Mbps and ~4.8Mbps, which is around the mid-point of Cat M1 peak data rate (~1Mbps) and Cat 1 peak data rate (~10Mbps). In conclusion, all these observations suggest the following proposal.
Proposal 2:
· Considering the impact of TBS increase on coverage and soft buffer size, the maximum TBS should be limited to up to 5000 bits.
· Consider 4264 bits or 4776 bits as the maximum TBS.
3.3 Mechanism to support larger maximum TBS

In this section, we discuss the mechanism to support larger maximum TBS for UEs supporting larger maximum channel BW. 
Referring to the TBS table (Table 7.1.7.2.1-1) in [3], the TBS index of 14 for 24-PRB allocation corresponds to TBS of 6968 bits. Based on our discussion in the above sections, the TBS of 6968 bits is more than sufficient as an enhancement on larger maximum TBS to support the higher data rate operation for FeMTC UEs. Recall that the MCS indexes supported in Rel-13 eMTC is from 0 to 15, corresponding to TBS indexes from 0 to 14. Therefore, the MCS and TBS indication for UEs supporting large channel BW can reuse the Rel-13 eMTC design, i.e. Table 1 and Table 2 can be reused for the MCS and TBS indication for PDSCH and PUSCH, respectively. 

Proposal 3:
· The Rel-13 eMTC design, specifically, the MCS and TBS indication, can be reused for the support of larger maximum TBS for FeMTC UEs supporting larger maximum channel BW. 
4 Conclusion

In this contribution, we discussed the mechanism to support larger maximum TBS for both UEs supporting up to 1.4 MHz channel BW and UEs supporting larger maximum channel BW. We provided link-level evaluation results on the coverage of larger TBS for UEs supporting up to 5 MHz channel BW. In addition, we investigated the required soft buffer size for larger TBS. Based on the presented mechanisms to support larger maximum TBS, and the coverage and soft buffer size studies, we make the following observations and proposals:
Observation 1:
· To support UL TBS of 2984 bits for CEMode A UEs supporting maximum UE channel BW of 1.4 MHz, an offset 6 added to the MCS index can be used as the TBS index in DCI format 6-0A, at the cost of coarser link adaption and coverage loss.

· To support UL TBS of 2984 bits for CEMode A UEs supporting maximum UE channel BW of 1.4 MHz, one extra bit can be added to the MCS field in DCI format 6-0A if it can be absorbed as part of other enhancements for TDD and HD-FDD UEs. 

· However, it may not be the case for TDD UEs.
Observation 2:
· The coverage reduces as TBS increases, due to the impact from higher modulation order and the loss in coding gain:
· Comparing to TBS of 2984 bits with RL=32 at BLER=10%, the coverage loss is ~3.9dB for both PDSCH and PUSCH with TBS of 5544bits.
· Comparing to TBS of 2984 bits with RL=32 at BLER=10%, the coverage loss is ~5.1dB for PDSCH and ~5.3dB for PUSCH with TBS of 7224 bits.
· The coverage will be quite limited to support very large TBS, e.g. TBS larger than 5000 bits.
Observation 3:
· The soft buffer size increases as TBS increases. The increase in required soft buffer size is significant for large TBS values, e.g. TBS greater than 6000 bits:

· The number of soft channel bits is increased ~4.1x and ~4.8x for TBS of 6200 bits and 7224 bits, respectively, compared to TBS of 2984 bits.

Proposal 1:
· To support UL TBS of 2984 bits for CEMode A UEs supporting maximum UE channel BW of 1.4 MHz, an offset 6 is added to the MCS index to be interpreted as the TBS index in DCI format 6-0A, at the cost of coarser link adaption and coverage loss. 

Proposal 2:
· Considering the impact of TBS increase on coverage and soft buffer size, the maximum TBS should be limited to up to 5000 bits.

· Consider 4264 bits or 4776 bits as the maximum TBS.
Proposal 3:
· The Rel-13 eMTC design, specifically, the MCS and TBS indication, can be reused for the support of larger maximum TBS for FeMTC UEs supporting larger maximum channel BW. 
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Appendix A: Simulation Assumptions

Table 8. Simulation assumptions for PDSCH. 
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1 Rx, 2Tx,  with low correlation

	Channel model
	EPA-5Hz

	Residual frequency offset
	0Hz 

	PDSCH occupied BW
	24 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER and 10% BLER

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


Table 9. Simulation assumptions for PUSCH. 
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1 Tx, 2 Rx, with low correlation

	Channel model
	EPA-5Hz

	Residual frequency offset
	100Hz 

	PUSCH occupied BW
	24 PRBs

	HARQ
	Not enabled

	Performance target
	1% BLER and 10% BLER

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


Appendix B: Link-level Results
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Figure 1. PDSCH link-level performance with 24-PRB allocation.
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Figure 2. PUSCH link-level performance with 24-PRB allocation.
PAGE  
6/9

_1536557074.unknown

_1536557076.unknown

_1536557077.unknown

_1536557078.unknown

_1536557075.unknown

_1536557073.unknown

