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1. Introduction
In RAN1#77, further agreements on 256QAM design were made. These agreements were captured in [1]. CQI, MCS, and TBS table designs were also captured in [1] and [2] as working assumptions. These tables were generated using the assumptions used in Rel-8 (with some modifications) as specified in [3]. These assumptions can be summarized as follows:

· 10MHz system bandwidth

· Channel model and Doppler: EPA 5Hz
· Use 120 REs per PRB for all 256QAM spectral efficiencies except for the highest spectral efficiency

· Use 136 REs per PRB for the highest spectral efficiency

· 4 PRBs
· 2 CRS ports

· Normal CP

In this contribution, we provide additional considerations towards the design of the CQI, MCS, and TBS tables taking into account slightly modified simulation assumptions using 10MHz and 20MHz system bandwidths with full PRB allocation.
2. Motivation
Based on 10MHz system bandwidth and 4 PRB allocation, it was assumed [4] that the lowest 256QAM entry has the spectral efficiency corresponding to CQI 15 of the legacy CQI table, i.e., 5.5547 bits/s/Hz. Then taking the CQI table as basis, the MCS table was then generated. 
Table 1 shows the existing CQI table and table 2 shows the proposed (working assumption as in [1]) 256QAM CQI table with the text in red identifying the 256QAM switch point.
Table 1: Existing 4-bit CQI Table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


Table 2: Proposed CQI table applied to 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 


This switch point for 256QAM may be optimal for the simulation assumptions used above with the limited number of PRBs allocated (number of PRBs = 4). However, as more PRBs are allocated, the switch point used in the working assumption may not be accurate due to increased channel selectivity and the slight difference in the spectral efficiencies for the TBSs used. 
This slight increase in channel selectivity may lead to earlier saturation of the Mutual Information for lower order modulation due to smaller alphabet. This may lead to a 256QAM switch point occurring at a lower spectral efficiency as compared to the assumptions above. 
3. Link Level Simulations
To illustrate this, consider the following assumptions:
· TM2 and TM3

· 10 MHz and 20 MHz system bandwidths
· Large PRB allocation

· Tx EVM = 4%, Rx EVM = 2%

· RV sequence = {0, 3, 1, 2}

· SF0 and SF5 OFF

· Spectral efficiencies corresponding to the existing MCSs {26, 27, 28}

Tables 3a and 3b shows the configuration used for 10 MHz and 20 MHz, respectively.
Table 3a: Configuration used for the 256QAM switch point simulations (10 MHz)

	
	# PRB
	# Control Symbols
	TBS
(bits)
	Spectral Efficiency
(bits/s/Hz)
	64QAM Code Rate
	256QAM Code Rate

	MCS26
	50
	3
	30576
	5.0960
	0.8493
	0.6370

	MCS27
	50
	3
	31704
	5.2840
	0.8807
	0.6605

	MCS28
	50
	2
	36696
	5.5600
	0.9267
	0.6950


Table 3b: Configuration used for the 256QAM switch point simulations (20 MHz) 
	
	# PRB
	# Control Symbols
	TBS
(bits)
	Spectral Efficiency
(bits/s/Hz)
	64QAM Code Rate
	256QAM Code Rate

	MCS26
	100
	3
	61664
	5.1387
	0.8564
	0.6423

	MCS27
	100
	3
	63776
	5.3147
	0.8858
	0.6643

	MCS28
	84
	2
	61664
	5.5613
	0.9269
	0.6952


Figures 1 ~ 3 show the link level simulation results based on these assumptions for TM2 and figures 4 ~ 6 show the results for TM3.
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Figure 1a: TM2 10MHz MCS26
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Figure 1b: TM2 20MHz MCS26
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Figure 2a: TM2 10MHz MCS27
	[image: image4.emf]0 5 10 15 20 25 30

0

10

20

30

40

50

60

TM2 20MHz MCS27 EPA5L, TxEVM 4%, RxEVM 2%

Serving SNR (dB)

PDSCH Throughput (Mbps)

 

 

64QAM

256QAM


Figure 2b: TM2 20MHz MCS27
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Figure 3a: TM2 10MHz MCS28
	[image: image6.emf]0 5 10 15 20 25 30

0

5

10

15

20

25

30

35

40

45

50

TM2 20MHz MCS28 EPA5L, TxEVM 4%, RxEVM 2%

Serving SNR (dB)

PDSCH Throughput (Mbps)

 

 

64QAM

256QAM


Figure 3b: TM2 20MHz MCS28
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Figure 4a: TM3 10MHz MCS26
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Figure 4b: TM3 20MHz MCS26
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Figure 5a: TM3 10MHz MCS27
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Figure 5b: TM3 20MHz MCS27

	[image: image11.emf]5 10 15 20 25 30 35 40 45 50

0

10

20

30

40

50

60

TM3 10MHz MCS28 EPA5L, TxEVM 4%, RxEVM 2%

Serving SNR (dB)

PDSCH Throughput (Mbps)

 

 

64QAM

256QAM


Figure 6a: TM3 10MHz MCS28
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Figure 6b: TM3 20MHz MCS28


Table 4 shows the 256QAM SNR Gains (dB) @ 10% 1st Tx BLER:

Table 4: 256QAM SNR Gains (dB) @ 10% 1st Tx BLER
	
	10 MHz
	20 MHz

	
	Spectral
Efficiency
(bits/s/Hz)
	TM2
SNR Gain

(dB)
	TM3
SNR Gain

(dB)
	Spectral
Efficiency
(bits/s/Hz)
	TM2
SNR Gain

(dB)
	TM3
SNR Gain

(dB)

	MCS26
	5.0960
	-0.60
	-0.02
	5.1387
	-0.63
	0.17

	MCS27
	5.2840
	-0.45
	2.44
	5.3147
	0.65
	LARGE

	MCS28
	5.5600
	0.31
	LARGE
	5.5613
	0.99
	LARGE


4. Discussion

As can be seen from table 4, some cases show gains for 256QAM over 64QAM for spectral efficiencies less than the maximum spectral efficiency of the legacy table (< 5.5547 bits/s/Hz), especially for the 20MHz system. However, other cases such as TM2 in 10 MHz system doesn’t show 256QAM gains until the highest legacy spectral efficiency. 
In general, it can be observed that the gains achieved in switching earlier than 5.5547 bits/s/Hz spectral efficiency to 256QAM modulation may overweigh the losses seen for the 10MHz TM2 case. 
We can get the spectral efficiency for this earlier switch point by averaging the highest 2 spectral efficiencies of the existing CQI table, namely: average of 5.1152 and 5.5547 = 5.33495.

Observation 1: Gains achieved in switching earlier than 5.5547 bits/s/Hz spectral efficiency (i.e. 5.33495 bits/s/Hz) to 256QAM modulation may overweigh the losses.

If we modify the CQI table to reflect this, then the delta in spectral efficiency between CQI 11 and CQI 12 (in the 256QAM table) would be small (5.1152 and 5.33495, respectively) and this may not be desirable.
The current working assumption for the MCS table is shown in table 5.

Table 5: Working assumption for 256QAM MCS table

	MCS Index
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	TBS Index
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	Spectral efficiency

	0
	2 
	0 
	0.2344

	1
	2 
	2 
	0.3770

	2
	2 
	4 
	0.6016

	3
	2 
	6 
	0.8770

	4
	2 
	8 
	1.1758

	5
	4 
	10 
	1.4766

	6
	4 
	11 
	1.69535

	7
	4 
	12 
	1.9141

	8
	4 
	13 
	2.1602

	9
	4 
	14 
	2.4063

	10
	4 
	15 
	2.5684

	11
	6 
	16 
	2.7305

	12
	6 
	17 
	3.0264

	13
	6 
	18 
	3.3223

	14
	6 
	19 
	3.6123

	15
	6 
	20 
	3.9023

	16
	6 
	21 
	4.21285

	17
	6 
	22 
	4.5234

	18
	6 
	23 
	4.8193

	19
	6 
	24 
	5.1152

	20
	6 
	25 
	5.33495

	21
	8 
	27 
	CQI12(5.5547)

	22
	8 
	28 
	(CQI12+CQI13)/2

	23
	8 
	29 
	CQI13

	24
	8 
	30 
	(CQI13+CQI14)/2

	25
	8 
	31 
	CQI14

	26
	8 
	32 
	(CQI14+CQI15)/2

	27
	8 
	33 
	CQI15 (7.4063)

	28
	2 
	Reserved
	-

	29
	4 
	
	-

	30
	6 
	
	-

	31
	8 
	
	-


For this table and based on the simulation results, we can consider revisiting the 256QAM switch point such that 256QAM modulation starts from spectral efficiency of 5.33495 b/s/Hz as opposed to 5.5547 b/s/Hz in the working assumption 256QAM MCS table. 

In order to retain the alignment with the CQI table, MCSs 21 ~ 27 (in the working assumption 256QAM MCS table) can be kept having the same spectral efficiencies and using the same modulation schemes. 

MCS 20 currently is proposed to have a spectral efficiency of 5.33495 b/s/Hz and 64QAM modulation. One option would be is to change the modulation scheme for MCS 20 to 256QAM. 

Based on the simulation results observations in this paper, we can consider these 2 options:

Proposal 1: Consider these 2 options for the 256QAM MCS table:

· Option 1: Use the current working assumption

· Option 2: Modify the current working assumption for MCS 20 to 256QAM modulation instead of 64QAM
	MCS Index
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	Modulation Order
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	TBS Index
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	Spectral efficiency

	20
	6 8
	25 
	5.33495

	21
	8 
	27 
	CQI12(5.5547)

	22
	8 
	28 
	(CQI12+CQI13)/2

	23
	8 
	29 
	CQI13

	24
	8 
	30 
	(CQI13+CQI14)/2

	25
	8 
	31 
	CQI14

	26
	8 
	32 
	(CQI14+CQI15)/2

	27
	8 
	33 
	CQI15 (7.4063)

	28
	2 
	Reserved
	-

	29
	4 
	
	-

	30
	6 
	
	-

	31
	8 
	
	-


5. Conclusions

In this contribution, we provided additional considerations towards the design of the CQI, MCS, and TBS tables taking into account slightly modified simulation assumptions using 10MHz and 20MHz system bandwidths with full PRB allocation.

Proposal 1: Consider these 2 options for the 256QAM MCS table:

· Option 1: Use the current working assumption

· Option 2: Modify the current working assumption for MCS 20 to 256QAM modulation instead of 64QAM
	MCS Index
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	Modulation Order
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	TBS Index
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	Spectral efficiency

	20
	6 8
	25 
	5.33495

	21
	8 
	27 
	CQI12(5.5547)

	22
	8 
	28 
	(CQI12+CQI13)/2

	23
	8 
	29 
	CQI13

	24
	8 
	30 
	(CQI13+CQI14)/2

	25
	8 
	31 
	CQI14

	26
	8 
	32 
	(CQI14+CQI15)/2

	27
	8 
	33 
	CQI15 (7.4063)

	28
	2 
	Reserved
	-

	29
	4 
	
	-

	30
	6 
	
	-

	31
	8 
	
	-
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