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1. Introduction

In RAN1 #76bis, the following agreements were made for the introduction of higher order modulation with respect to CQI/MCS/TBS tables.  In this paper, we provide our views for some design details of CQI/MCS/TBS tables and discuss specification impacts of corresponding design associated with higher order modulation. 

Agreement:
· CQI Table 

· Switching point of 64QAM and 256QAM should be CQI 15 in the existing table

· The modulation order of existing CQI 15 is changed to 256QAM
· Working assumption: down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region

· Revisit if problems if significant issues are found

· The 3 entries to be removed are either {#1, #3, #5} or {#2, #4, #6} 

· The last 4 entries will be for 256QAM, but the actual SE is FFS

· Order the CQI indices in the Rel-12 CQI table according to the spectral efficiencies

· MCS Table

· 7 explicit MCS entries for 256QAM

· As a working assumption, the # of implicit entries is 4 (for QPSK, 16/64/256QAM re-transmissions)

· Revisit if significant issues are found

· TBS table

· Define overhead assumption(s) (REs/PRB) for PDSCH 

· 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

· Limit the number of new TBS values as much as possible

2. CQI Table Design
          Table 1: Existing CQI Table                                             Table 2: Proposed CQI Table

	CQI index
	modulation
	code rate 
	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

	CQI index
	modulation
	code rate 
	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
	
	X1

	13
	256QAM
	
	X2

	14
	256QAM
	
	X3

	15
	256QAM
	
	X4


Note: Red entries in existing CQI table are removed; Green entries are preserved in both existing and 256QAM CQI tables; Violet entries are added into 256QAM CQI table;

The design principle for the existing CQI table has assumed an approximately equal step size in SNR with a spacing of 1.892dB and targeted at 10% BLER with AWGN channel. The SNR range of the existing CQI table is [-7, 19.488]dB. For a new CQI table supporting 256QAM, the same design principle should be re-used in our view to determine code rates and spectral efficiencies for 256QAM in order to mitigate eNB and UE implementation cost. Therefore the open question is about what maximal spectral efficiency shall be supported for the 256QAM CQI table. We propose that the three added SNR steps for CQI entries #13-#15 shall target at 21.38dB, 23.272dB and 25.164dB SNR respectively with 10% BLER under AWGN channel. 

Proposal 1: CQI #12, #13, #14 and #15 in 256QAM CQI table shall target spectral efficiencies X1, X2, X3 and X4 which give 10% BLER with AWGN channel at SNR 19.488dB, 21.38dB, 23.272dB and 25.164dB respectively. 

It may be beneficial to keep all 16QAM and 64QAM entries to maximize the quantization granularity for medium and high SNR ranges, since these SNR ranges are more likely to be relevant when 256QAM is configured.  Therefore it is preferred that only QPSK entries are down sampled by removing three QPSK entries. On the other hand, it is also preferred to preserve CQI #1 to maintain the same lowest SNR level for PDCCH and power control even though the UE may experience good channel conditions. Moreover if CQI entries {#1, #3, #5} are removed and CQI entries {#2, #4, #6} are kept,  and then MCS table may start from legacy CQI entry #4. This leads to remove IMCS {#0, #1, #2, #3} at least from existing MCS table. However this may restrict VoIP service assuming a good channel condition and may impact the quality of VoIP.  It can be found in Table 3 that existing IMCS  #2 is kept according to our proposed design. Therefore comparing the options of removing either {#1, #3, #5} or {#2, #4, #6},  it is preferred to remove CQI #2, #4 and #6 from the existing CQI table. 
Proposal 2: CQI #2, #4 and #6 from the existing CQI table can be removed.
3. MCS Table Design

It has been agreed in RAN1 #76bis to add 7 explicit MCS entries for 256QAM and also agreed as the working assumption to add 4 implicit entries for retransmissions of QPSK, 16/64/256QAM. Therefore the remaining question is how to down-sample low MCS entries.  After removing six interpolated MCS entries and also removing the first MCS entry, MCS table for 256QAM is proposed and given in Table 3. 

To align with CQI table design shown in Table 2, seven MCS entries #21-27 corresponding to 256QAM shall be added, where MCS #21 corresponds to the 64QAM/256QAM switching point (X1), MCS {#23,#25,#27} correspond to 256QAM CQI values (X2, X3, X4),  and MCS {#22,#24,#26} correspond to interpolated values between CQIs. 

Table 3: Proposed MCS Table

	MCS Index
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	Existing 

Modulation Order
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	Existing 

TBS Index 
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	Existing 

Spectral Efficiency
	New

Modulation Order
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	New

TBS Index 
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	New

Spectral Efficiency

	0
	2 (CQI 2)
	0
	0.2344
	2 (CQI 2)
	2
	0.3770

	1
	2
	1
	Interpolate
	2
	4
	0.6016

	2
	2 (CQI 3)
	2
	0.3770
	2 (CQI 3)
	6
	0.8770

	3
	2
	3
	Interpolate
	2 
	8
	1.1758

	4
	2 (CQI 4)
	4
	0.6016
	4 (CQI 4)
	10
	1.4766

	5
	2
	5
	Interpolate
	4 
	11
	Interpolate

	6
	2 (CQI 5)
	6
	0.8770
	4 (CQI 5)
	12
	1.9141

	7
	2
	7
	Interpolate
	4 
	13
	Interpolate

	8
	2 (CQI 6)
	8
	1.1758
	4 (CQI 6)
	14
	2.4063

	9
	2
	9
	Interpolate
	4 
	15
	Interpolate

	10
	4 
	9
	Interpolate
	6
	15
	Interpolate

	11
	4 (CQI 7)
	10
	1.4766
	6 (CQI 7)
	16
	2.7305

	12
	4 
	11
	Interpolate
	6
	17
	Interpolate

	13
	4 (CQI 8)
	12
	1.9141
	6 (CQI 8)
	18
	3.3223

	14
	4 
	13
	Interpolate
	6
	19
	Interpolate

	15
	4 (CQI 9)
	14
	2.4063
	6 (CQI 9)
	20
	3.9023

	16
	4 
	15
	Interpolate
	6
	21
	Interpolate

	17
	6
	15
	Interpolate
	6 (CQI 10)
	22
	4.5234

	18
	6 (CQI 10)
	16
	2.7305
	6
	23
	Interpolate

	19
	6
	17
	Interpolate
	6 (CQI 11)
	24
	5.1152

	20
	6 (CQI 11)
	18
	3.3223
	6
	25
	Interpolate

	21
	6
	19
	Interpolate
	8 (CQI 12)
	27
	X1

	22
	6 (CQI 12)
	20
	3.9023
	8
	28
	Interpolate

	23
	6
	21
	Interpolate
	8 (CQI 13)
	29
	X2

	24
	6 (CQI 13)
	22
	4.5234
	8
	30
	Interpolate

	25
	6
	23
	Interpolate
	8 (CQI 14)
	31
	X3

	26
	6 (CQI 14)
	24
	5.1152
	8
	32
	Interpolate

	27
	6
	25
	Interpolate
	8 (CQI 15)
	33
	X4

	28
	6 (CQI 15)
	26
	5.5547
	2
	reserved
	

	29
	2
	reserved
	
	4
	reserved
	

	30
	4
	
	
	6
	reserved
	

	31
	6
	
	
	8
	reserved
	


Note: Red entries in existing MCS table are removed; Green entries are preserved in both existing and 256QAM MCS tables; Violet entries are added into 256QAM MCS table;

Within the new MCS table, it can be seen that 

· Existing 16QAM and 64QAM related MCS (MCS #11-#27) are preserved with the same order and MCS design;
· The new MCS table starts from the spectral efficiency of 0.3770 which corresponds to CQI #3 in existing CQI table but CQI #2 in new 256QAM CQI table. It means that PDSCH with 256QAM MCS/TBS table targets at a slightly higher starting SNR point than existing CQI table, since in general the UEs configured with 256QAM CQI/MCS tables should experience better channel conditions than UEs configured with the legacy CQI/MCS tables.

· After removing low MCS entries, MCSs between #0-#4 in the new table correspond to CQI #3-#7 in existing CQI table and CQI #2-#4 in the new CQI table.  The property of equal-spacing in SNR for MCS/TBS table is preserved with a larger SNR granularity of approximately 2dB for a low SNR range from -3.216dB to 4.352dB.  

· MCS entries between #4-#27 in the new table have a finer SNR granularity of about 1dB, similar to the legacy MCS table. They are also equally spaced and optimized for medium and high SNR ranges from 4.352dB to 25.164dB. 

· Except for 7 highest MCS entries introduced for 256QAM, all other MCS are of the same as in the legacy table to mitigate design effort and standards/implementation impact. 
Based on Table 3, it can found that VoIP TBSs can still be well supported, as shown in Table 4.  All special VoIP TBSs can be supported by different combinations of TBS and PRB size. Especially, the entry of TBS #6 which has been optimized for VoIP with single PRB is preserved.  

Table 4: VoIP TBS
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480


Proposal 3:   Adopt Table 3 for 256QAM MCS/TBS table design
4. TBS Table Design
The new TBS entries, e.g. new TBS index #27-#23 in Table 3, will be introduced for 256QAM so that 7 new rows of TBS values will be redesigned for layers one to four and each combination of TBS and NPRB.  It is also agreed to limit the number of new TBS values. For legacy TBS tables, 178 unique TBS values are provided and used with about 2% variation around targeted code rate for layer one PDSCH transmission.  Moreover, 229 unique TBS values in legacy TBS tables are used for layer two to four PDSCH transmission. 

From our point of view, those 229 unique TBS values are sufficient to support one to three layer transmission without introducing new TBS values. By allowing up to 2% variation around the targeted code rate, the final TBS values can be rounded to one of existing TBS values. 
Proposal 4:   For one, two or three layer transmission, each new TBS value of 256QAM is set to be the nearest TBS value selected from the legacy TBS tables. 

TBS values for four layer transmission might need to be redesigned if a new UE category with 8 layer transmission and also higher peak date rate is supported, e.g. Cat 11 in [1].  Cat 11 in [1] needs new one-layer to four-layer mappings targeting at a TBS size around 400,000, which is around 33% higher than the largest TBS size of legacy tables, 299856.  

Proposal 5:  For four layer transmission, new TBS values can be introduced for the new UE category with 8 layer transmission and a higher peak data rate. 
It has been agreed to use 120 REs per PRB for all 256QAM spectral efficiencies except for the highest one, and use 136 REs per PRB for the highest spectral efficiency. Therefore with the proposals 4 and 5, the values of TBS can be easily derived once the spectral efficiencies in Table 2 & 3 have been determined.
5. Conclusions

In this contribution, we proposed CQI/MCS/TBS tables for 256QAM and motivations of design related to tables. In summary, we make the following proposals: 

Proposal 1: CQI #12, #13, #14 and #15 in 256QAM CQI table shall target spectral efficiencies X1, X2, X3 and X4 which give 10% BLER with AWGN channel at SNR 19.488dB, 21.38dB, 23.272dB and 25.164dB respectively. 

Proposal 2: CQI #2, #4 and #6 from the existing CQI table can be removed.
Proposal 3:   Adopt Table 3 for 256QAM MCS/TBS table design.

Proposal 4:   For one, two or three layer transmission, each new TBS value of 256QAM is set to be the nearest TBS value selected from the legacy TBS tables. 

Proposal 5:  For four layer transmission, new TBS values can be introduced for the new UE category with 8 layer transmission and a higher peak data rate. 
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