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1. Introduction
The development of 256QAM approved in RAN#62 to achieve higher data throughput (TP) in both system and link level. The current MCS table for 256QAM was approved and introduced into 36.213 [1] in RAN plenary #65. Many factors such as spectral efficiency, code rate and TBS were carefully considered in order to meet specification requirements while demonstrating throughput enhancement in most scenarios. However, the TBS sizes 26A/33A, for 64QAM/256QAM respectively, were introduced in RAN#70 due to the code rate in DMRS transmission modes exceeding 0.931 in certain scenarios, resulting in throughput degradation. 
In this contribution, we raise a similar issue resulting in throughput degradation when 256QAM is enabled. We also provide an alternative modulation table resulting in overall throughput enhancement. We believe it is highly valuable for 3GPP to add a set of MCS table for increased throughput that has a perceived marketing value.  
2. Motivation & Simulation Results
In Adaptive Modulation and Coding (AMC) simulation, it is expected that the DL transmission from eNB to UE is chosen in a manner to maximize overall throughput. Moreover, it is also expected and/or assumed by most, that 256QAM enabled DL transmission will result in higher TP over a 64QAM only DL transmission for a given scenario.  

However, it was discovered in our study that in certain SNR range, the overall TP of 64QAM outperforms that of 256QAM enabled DL transmission. The parameters used in our simulations and simulation results are as follows:

· TM3 10MHz EPA5
· 4 and/or 50 PRB allocation

· Ideal CE

· HARQ on
· 64QAM Table only / 256QAM Table enabled

Figures 1 ~ 3 show the link level simulation results for CFI length of 1 ~ 3 respectively. Each plot point represents the maximum throughput among all MCS level for the given SNR.
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Figure 1: TM3 EPA5 CFI1
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Figure 2: TM3 EPA5 CFI2
As can be observed in all 3 figures, there exists a SNR range for all 3 cases in which 64QAM only AMC TP performance is greater than 256QAM enabled AMC which is clearly against the motivation of 256QAM enabled DL transmission. It is particularly observable in CFI 1 cases. 
Observation 1: There exists certain SNR range such that 64QAM only TP exceeds that of 256QAM enabled TP in AMC.

In order to rectify the issue, we propose a new 256QAM Modulation order Table 1 for PDSCH in [2, Table 7.1.7.1-1A] MCS table. We also provide simulation results using the updated tables.

Table 1: Proposed Modulation and TBS index table applied to 256QAM
	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2 
	0 

	1
	2 
	2 

	2
	2 
	4 

	3
	2 
	6 

	4
	2 
	8 

	5
	4 
	10 

	6
	4 
	11 

	7
	4 
	12 

	8
	4 
	13 

	9
	4 
	14 

	10
	4 
	15 

	11
	6 
	16 

	12
	6 
	17 

	13
	6 
	18 

	14
	6 
	19 

	15
	6 
	20 

	16
	6 
	21 

	17
	6 
	22 

	18
	6 
	23 

	19
	6 
	24 

	20
	6 
	25 

	21
	6 
	27 

	22
	6 
	28 

	23
	6 
	29 

	24
	8 
	30 

	25
	8 
	31 

	26
	8 
	32 

	27
	8 
	33/33A 

	28
	2 
	reserved

	29
	4 
	

	30
	6 
	

	31
	8 
	


Note that the proposed Table 1 is identical Table 7.1.7.1-1A in [2] except for the modulation order for MCS 20 through 23 changed from 8 to 6. Using the proposed those table, the updated simulation results are as follows.
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Figure 4: TM3 EPA5 CFI1 with modified MCS Table results

[image: image10]
[image: image11]
Figure 5: TM3 EPA5 CFI2 with modified MCS Table results
As can be observed in all 3 figures, the proposed 256QAM MCS table simulation results demonstrate overall TP enhancement throughout the observed SNR range. However, the following must be given consideration. The current switching point between 64QAM and 256QAM is between CQI index 11 and 12 in Table 2, which corresponds to the following efficiencies, 5.1152 and 5.5547 as agreed in [2]. The average of the two results is 5.335 and the corresponding code rate is 0.8892 for 64QAM modulation. 

Table 2: 4-bit CQI Table for 256QAM
	CQI index
	modulation
	Code rate x 1024
	efficiency

	0
	Out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	193
	0.3770

	3
	QPSK
	449
	0.8770

	4
	16QAM
	378
	1.4766

	5
	16QAM
	490
	1.9141

	6
	16QAM
	616
	2.4063

	7
	64QAM
	466
	2.7305

	8
	64QAM
	567
	3.3223

	9
	64QAM
	666
	3.9023

	10
	64QAM
	772
	4.5234

	11
	64QAM
	873
	5.1152

	12
	256QAM
	711
	5.5547

	13
	256QAM
	797
	6.2266

	14
	256QAM
	885
	6.9141

	15
	256QAM
	948
	7.4063


Using the above code rate of 0.8892 as the switching point, the following code rate table can be derived from the proposed MCS table. Note that the table only includes from MCS 20 ~ 23 according to Table 1.
Table 3: Code rate of proposed MCS table
	CFI 
	1
	2
	3

	MCS20
	0.7381
	0.8053
	0.8858

	MCS21
	0.7707
	0.8408
	0.9249

	MCS22
	0.8231
	0.8979
	0.9877

	MCS23
	0.8531
	0.9307
	1.0238


 As can be seen by the above table, CFI 1 satisfies the switching point threshold for all newly proposed MCS. However, for CFI 2 and 3, only a part of the proposed MCS satisfies the threshold. Although it would be beneficial to use the proposed MCS table regardless of CFI, in order to respect RAN1’s previous agreements, we suggest it to be used only when the CFI value is equal to 1. As another option for throughput enhancement, modulation order can be overridden from 256QAM to 64QAM since TBS is the same between the proposed and legacy 256QAM MCS tables. 
Proposal 1: Modulation order should be changed from 256QAM to 64QAM for specific MCS indices.
· Option 1: Introduce the new MCS table into specification when CFI is equal to 1 shown in Table.1.
· Option 2: Modulation order for specific MCSs is overridden from 256QAM to 64QAM with legacy 256QAM MCS table based on the above Table 3 as the combinations of MCS and CFI.
Regarding the specification impact beyond those indicated above, the introduction of new MCS index table would require further changes in TS36.331 to add UE capability signalling of this MCS table. The introduction of the new MCS table would not require adding any new categories and hardware buffer size. Further, the proposed MCS table is optional for no impact on currently released products, and would support from Rel-14 as an optional feature.
Proposal 2: The new MCS table should be optional from Rel-14.

Proposal 3: The new MCS table would require changes in TS36.331 to add UE capability signalling, and MCS table indications.

3. Conclusions
In this contribution, we demonstrated an observable throughput issue in 256QAM enabled DL transmission compared to 64QAM only DL transmission. 

Observation 1: There exists certain SNR range such that 64QAM only TP exceeds that of 256QAM enabled TP in AMC.

Proposal 1: Modulation order should be changed from 256QAM to 64QAM for specific MCS indices.
· Option 1: Introduce the new MCS table into specification when CFI is equal to 1 shown in Table.1.

· Option 2: Modulation order for specific MCSs is overridden from 256QAM to 64QAM with legacy 256QAM MCS table based on the above Table 3 as the combinations of MCS and CFI.  
Proposal 2: The new MCS table should be optional from Rel-14.

Proposal 3: The new MCS table would require changes in TS36.331 to add UE capability signalling, and MCS table indications.
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