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1 Introduction

In RAN1 #87 meeting [1], the following agreements on larger maximum PDSCH/PUSCH TBS for feMTC UEs have been made, to support higher data rate operation:
Agreement:

· Use 4-bit MCS field for PDSCH/PUSCH for BL/CE UE configured with larger max PDSCH/PUSCH channel bandwidth.

· For BL/non-BL UE configured with max 5 MHz PDSCH/PUSCH channel bandwidth in CE mode A, adopt TBS table for PDSCH/PUSCH in R1-1613356.

· For BL/non-BL UE configured with max 5 MHz PDSCH/PUSCH channel bandwidth in CE mode B, adopt TBS table for PDSCH/PUSCH in R1-1613356 with ITBS≤9.

· For non-BL UE configured with max 20 MHz PDSCH channel bandwidth, max DL TBS is 31704 bits.

Agreement:
· Soft buffer size for 5-MHz BL UE is 73152 bits (75% of full buffer size corresponding to a max TBS of 4008 bits and 8 DL HARQ processes).

· The same soft buffer size (73152 bits) applies to 5-MHz BL UE supporting 10 DL HARQ processes.

In this contribution, we first clarify the agreement on soft buffer size. Then, the TBS table for maximum PDSCH channel BW of 20MHz is discussed. Lastly, we provide an enhancement on modulation selection to improve the coverage performance. 
2 Clarification on soft buffer size agreement
We would like to clarify the meaning of “73152 bits” in the agreement of soft buffer size for 5MHz BL UE. Based on our understanding, the 73152 is calculated by Nsoft = 75% * N∙96∙⌈(X+28)/32⌉ =75% * 97536 = 73152, where N = 8 is the max number of DL HARQ processes and X = 4008 is the max TBS. According to [2], the Nsoft  is defined as the total number of soft channel bits. On the other hand, the soft buffer size for the transport block, denoted by NIR can be calculated by NIR = (Nsoft / KMIMO / min(MDL_HARQ, Mlimit)(, where KMIMO is 1 for BL UEs, MDL_HARQ is the maximum number of DL HARQ processes and Mlimit is a constant equal to 8. 
Thus, for clarification, the agreement “soft buffer size for 5-MHz BL UE is 73152 bits” may be updated to “total number of soft channel bits Nsoft for 5-MHz BL UE is 73152 bits”.

Proposal 1

· For clarification, the “73152 bits” in the agreement of soft buffer size made in last RAN1 meeting refers to the total number of soft channel bits Nsoft in TS 36.212.
3 TBS table for maximum PDSCH channel BW of 20MHz
As agreed in last RAN1 meeting, the maximum number of PRBs that can be allocated for PDSCH with maximum channel BW of 20MHz is 96, where the PDSCH allocation is limited to PRBs that are part of NB defined in Rel-13 eMTC. Based on this agreement, the TBS table for maximum PDSCH channel BW of 20MHz can be modified from Table 7.1.7.2.1-1 in TS 36.213 [3] by selecting only elements with ITBS ≤ 14 and NPRB ≤ 96. Thus, the corresponding achievable maximum TBS for non-BL UE configured with max 20MHz PDSCH channel BW is 27376 bits. The related agreement made in last RAN1 meeting can be updated, i.e. replacing the max TBS of 31704 bits for UEs configured with max 20MHz channel BW by 27376 bits.
Proposal 2

· The TBS table from PDSCH with maximum channel BW of 20MHz is modified from Table 7.1.7.2.1-1 in TS 36.213 [3] by selecting only elements satisfying ITBS ≤ 14 and NPRB ≤ 96.
· For non-BL UE configured with max 20MHz PDSCH channel BW, max DL TBS is 31704 27376 bits. 
4 Enhancement on modulation scheme
In this section, we first present the link-level performance for PDSCH with different modulation schemes for LBRM and FBRM. Based on the evaluation results, we provide enhancement on modulation scheme to improve the coverage performance.
4.1 Link-level evaluations for different modulation orders
The required SNR and corresponding Maximum Coupling Loss (MCL) for various TBS and PRB allocations are presented in Table 1 and Table 2, respectively. 
Comparing the performance between LBRM and FBRM with 16QAM, we observe that the performance difference for initial transmission is quite limited, within 0.5dB. On the other hand, with repetitions and RV cycling, the performance gap between LBRM and FBRM increases for small number of repetitions (e.g. RL=2) due to larger IR gain with FBRM, but the gap decreases with more repetitions (e.g. RL>4) as the difference in IR gain achieved with LBRM and FBRM diminishes. 
For the comparison between different modulation schemes, it can be observed that there is 1-2 dB gain using QPSK rather than 16QAM with repetitions and RV cycling, for both LBRM and FBRM. This is due to that the coding gain achievable via QPSK and 16QAM becomes almost the same with repetitions (RV cycling), while the QPSK has better detection performance. 
	19 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	3880 bits
	11.4
	5.5
	2.3
	-0.7
	-3.5
	11.6
	5.5
	2.5
	-0.5
	-3.3

	
	4008 bits
	12.2
	5.7
	2.3
	-0.6
	-3.4
	12.2
	5.8
	2.6
	-0.4
	-3.3

	16QAM
	3880 bits
	10.6
	6.5
	3.2
	0.5
	-2.2
	10.6
	7.4
	3.6
	0.6
	-2.1

	
	4008 bits
	10.8
	6.6
	3.4
	0.5
	-2.1
	10.8
	7.4
	3.5
	0.7
	-2.0


	20 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	3496 bits
	9.8
	4.6
	1.4
	-1.4
	-4.1
	9.5
	4.7
	1.5
	-1.3
	-4.2

	
	4008 bits
	11.2
	5.4
	2.1
	-0.7
	-3.5
	11.2
	5.4
	2.4
	-0.5
	-3.3

	16QAM
	3496 bits
	9.5
	5.6
	2.6
	0.0
	-3.0
	9.6
	5.9
	2.8
	0.1
	-2.8

	
	4008 bits
	10.5
	6.4
	3.1
	0.3
	-2.4
	10.6
	7.3
	3.4
	0.5
	-2.2


	21 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	3752 bits
	10.0
	4.7
	1.4
	-1.3
	-4.2
	9.9
	4.9
	1.8
	-1.1
	-3.8

	
	4008 bits
	10.6
	4.9
	1.8
	-1.2
	-3.9
	10.6
	5.3
	2.3
	-0.7
	-3.5

	16QAM
	3752 bits
	9.6
	5.6
	2.6
	-0.1
	-3.0
	9.8
	6.3
	2.8
	0.0
	-2.6

	
	4008 bits
	10.1
	6.1
	2.9
	0.1
	-2.6
	10.3
	7.1
	3.1
	0.4
	-2.5


	22 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	3880 bits
	9.8
	4.5
	1.5
	-1.4
	-4.2
	9.7
	4.9
	1.8
	-1.1
	-3.9

	
	4008 bits
	10.1
	4.6
	1.5
	-1.3
	-4.1
	10.0
	5.1
	1.8
	-1.0
	-3.8

	16QAM
	3880 bits
	9.5
	5.7
	2.5
	-0.3
	-2.9
	9.8
	6.6
	2.7
	0.0
	-2.8

	
	4008 bits
	9.7
	5.8
	2.7
	-0.2
	-2.9
	10.1
	6.7
	3.0
	0.1
	-2.5


	24 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	4008 bits
	9.2
	4.1
	1.1
	-1.7
	-4.6
	9.3
	4.6
	1.4
	-1.5
	-4.3

	16QAM
	4008 bits
	9.0
	5.2
	2.2
	-0.6
	-3.3
	9.7
	6.4
	2.5
	-0.2
	-3.2


Table 1. The required SNR (dB) at BLER=10% for various TBS and PRB allocations.
	19 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	3880 bits
	130.1
	136.0
	139.2
	142.2
	145.0
	129.9
	136.0
	139.0
	142.0
	144.8

	
	4008 bits
	129.3
	135.8
	139.2
	142.1
	144.9
	129.3
	135.7
	138.9
	141.9
	144.8

	16QAM
	3880 bits
	130.8
	135.0
	138.3
	141.0
	143.7
	130.9
	134.1
	137.9
	140.9
	143.6

	
	4008 bits
	130.6
	134.9
	138.1
	141.0
	143.6
	130.7
	134.1
	138.0
	140.8
	143.5


	20 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	3496 bits
	131.7
	136.9
	140.1
	142.9
	145.6
	132.0
	136.8
	140.0
	142.8
	145.7

	
	4008 bits
	130.3
	136.1
	139.4
	142.2
	145.0
	130.3
	136.1
	139.1
	142.0
	144.8

	16QAM
	3496 bits
	132.0
	135.9
	138.9
	141.5
	144.5
	131.9
	135.6
	138.7
	141.4
	144.3

	
	4008 bits
	131.0
	135.1
	138.4
	141.2
	143.9
	130.9
	134.2
	138.1
	141.0
	143.7


	21 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	3752 bits
	131.5
	136.8
	140.1
	142.8
	145.7
	131.6
	136.6
	139.7
	142.6
	145.3

	
	4008 bits
	130.9
	136.6
	139.7
	142.7
	145.4
	130.9
	136.2
	139.2
	142.2
	145.0

	16QAM
	3752 bits
	131.9
	135.9
	138.9
	141.6
	144.5
	131.7
	135.2
	138.7
	141.5
	144.1

	
	4008 bits
	131.4
	135.4
	138.6
	141.4
	144.1
	131.2
	134.4
	138.4
	141.1
	144.0


	22 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	3880 bits
	131.7
	137.0
	140.0
	142.9
	145.7
	131.8
	136.6
	139.7
	142.6
	145.4

	
	4008 bits
	131.4
	136.9
	140.0
	142.8
	145.6
	131.5
	136.4
	139.7
	142.5
	145.3

	16QAM
	3880 bits
	132.0
	135.8
	139.0
	141.8
	144.4
	131.7
	134.9
	138.8
	141.5
	144.3

	
	4008 bits
	131.8
	135.7
	138.8
	141.7
	144.4
	131.4
	134.8
	138.5
	141.4
	144.0


	24 PRBs, CFI=3, BLER=10%
	FBRM
	LBRM

	Modulation
	RL
	1
	2
	4
	8
	16
	1
	2
	4
	8
	16

	QPSK
	4008 bits
	132.3
	137.4
	140.4
	143.2
	146.1
	132.2
	136.9
	140.1
	143.0
	145.8

	16QAM
	4008 bits
	132.5
	136.3
	139.3
	142.1
	144.8
	131.8
	135.1
	139.0
	141.7
	144.7


Table 2. The MCL (dB) at BLER=10% for various TBS and PRB allocations.
Observation 1

· The performance difference between LBRM and FBRM for initial transmission is quite limited.

· With repetitions and RV cycling (e.g. RL≥2), the performance of QPSK is 1-2dB better than 16 QAM for both LBRM and FBRM.
4.2 Enhancement on modulation scheme
In this subsection, based on the link-level simulations above, we propose a flexible modulation scheme for performance improvement. 

For PDSCH transmission with TBS and PRB allocation that correspond to IMCS>9, based on the indication, 16 QAM would be used. However, as observed in Section 4.1, QPSK performs better than 16QAM when the repetition number is no less than 2 (with RV cycling) in CE mode A. This motivates the following flexible modulation scheme for PDSCH:

· When repetition level is less than X, the modulation scheme follows the MCS indicated in DCI.
· Otherwise, the modulation scheme is QPSK, regardless of what is indicated in DCI.

The parameter X above depends on CE mode. Specifically, for PDSCH, X = 2 for CE mode A as RV cycling interval is 1 for CE mode A, while X = 8 for FDD and 20 for TDD in CE mode B as RV cycling interval in CE mode B is 4 for FDD and 10 for TDD.

Similar approach can be adopted for PUSCH transmission. The difference from PDSCH is the value of parameter X, where X=2 in CE mode A, while X = 8 for FDD and 10 for TDD in CE mode B for PUSCH. 
Proposal 3

· Adopt a flexible modulation scheme for PDSCH and PUSCH:
· When the repetition number is less than twice of the RV cycling interval, modulation scheme follows DCI indication;
· When the repetition number is no less than twice of the RV cycling interval, QPSK is used regardless of what modulation order is indicated in DCI.
5 Conclusion

In this contribution, we first clarify the meaning of 73152 bits in the agreement on soft buffer size. Then we discuss the TBS table for PDSCH with maximum channel BW of 20MHz. Finally, we perform the link-level evaluations on the performance with different modulations for FBRM and LBRM. Based on the discussions and simulation results, we make the following observation and proposals:

Proposal 1

· For clarification, the “73152 bits” in the agreement of soft buffer size made in last RAN1 meeting refers to the total number of soft channel bits Nsoft in TS 36.212.
Proposal 2

· The TBS table from PDSCH with maximum channel BW of 20MHz is modified from Table 7.1.7.2.1-1 in TS 36.213 [3] by selecting only elements satisfying ITBS ≤ 14 and NPRB ≤ 96.

· For non-BL UE configured with max 20MHz PDSCH channel BW, max DL TBS is 31704 27376 bits. 
Observation 1

· The performance difference between LBRM and FBRM for initial transmission is quite limited.

· With repetitions and RV cycling (e.g. RL≥2), the performance of QPSK is 1-2dB better than 16 QAM for both LBRM and FBRM.
Proposal 3

· Adopt a flexible modulation scheme for PDSCH and PUSCH:
· When the repetition number is less than twice of the RV cycling interval, modulation scheme follows DCI indication;
· When the repetition number is no less than twice of the RV cycling interval, QPSK is used regardless of what modulation order is indicated in DCI.
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Appendix A: Simulation Assumptions

Table 3. 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 

	CFI
	3

	PDSCH occupied BW
	19, 20, 21, 22 and 24 PRBs

	Repetitions
	1, 2, 4, 8, 16

	Soft buffer size
	FBRM, 75% LBRM

	HARQ
	Not enabled

	Performance target
	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 for various TBS and PRB allocations with 16QAM and QPSK. The solid curves are cases with FBRM while the dashed curves are cases with 75% LBRM.
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