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1
Introduction

Details of 256 QAM support in LTE was discussed in RAN1 #76bis and the following was agreed as an outcome:
· 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

· 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

· DCI format 1A and DCI format 1C are associated with the legacy MCS table, i.e., not supporting 256QAM PDSCH scheduling

· For all other DCI formats scheduling PDSCH, 256QAM can be supported

· 256QAM PDSCH scheduling is only supported for C-RNTI based PDSCH transmissions

· FFS whether or not 256QAM is supported for PMCH transmissions

· 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

· In TM10, decide in RAN1#77 between the following alternatives:

· Alt 1: CQI table can be CSI process dependent and MCS table can be PQI dependent

· Alt 2: CQI table is common for all CSI processes and MCS table is common for all PQI sets

· Alt 3: CQI table can be CSI process dependent and MCS table is common for all PQI states

· FFS, decide in RAN1#77 between the following two alternatives 

· Alt 1: the use of 256QAM CQI table can be configured for each measurement subframe set 

· Alt 2: the use of 256QAM CQI table can be configured is common for all measurement subframe sets

The yellow highlighted text shown above corresponds to the further study aspects of the agreement. In this contribution, we further discuss the remaining details of the 256 QAM support for LTE.
2
Details of 256 QAM support for LTE
2.1
Signaling of 256QAM CQI

Two aspects that require decision for finalizing CQI for 256 QAM is the removal of which entries in QPSK region and the new spectral efficiencies (SEs) for 256 QAM. The candidates for entry removal are {#1, #3, #5} or {#2, #4, #6}, which are shown in blue and red text in Table 1, respectively. 

Table 1. LTE Release 8-11 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


Given that the new CQI table is targeted for high SNR environments and the lowest data rate that can be transmitted through PDSCH is limited to approximately 0.24 bits/Hz, our preference is to remove the lower entries {#1, #3, #5}. Additional SE for 256 QAM should maintain the SNR gap of 1.892 dB between CQI entries and should start from 5.5547 bits/Hz. Based on AWGN simulations this result in the following quantized 256 QAM SEs: { 5.5547, 6.1563, 6.7656, 7.3594 }, which correspond to quantized code rate of {711, 788, 866, 942}/1024. 
Proposal 1: Remove spectral efficiency corresponding to CQI {#1, #3, #5} from the existing CQI table.
Proposal 2: The code rate for the 256 QAM CQI entries, which correspond to CQI #12 ~ #15, are {711, 788, 866, 942}/1024.

The following is the new CQI table based on proposals above.

Table 2. Proposed 256QAM CQI table

	CQI index
	modulation
	code rate

x 1024
	efficiency

	0
	out of range

	1
	QPSK
	120
	0.2344

	2
	QPSK
	308
	0.6016

	3
	QPSK
	602
	1.1758

	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
	256 QAM
	711
	5.5547

	13
	256 QAM
	788
	6.1563

	14
	256 QAM
	866
	6.7656

	15
	256 QAM
	942
	7.3594


2.2
Designing of 256QAM TBS table

From the proposed SE entries, we can derive the target SE for TBS generation. The 7 target SE values for TBS entries #27 to #33 are shown in Table 3.
Table 3. Extended SE values for TBS computation
	TBS index
	CQI index
	modulation
	code rate x 1024
	efficiency

	27
	12
	256QAM
	711
	5.5547

	28
	interpolated SE
	5.8555

	29
	13
	256QAM
	788
	6.1563

	30
	interpolated SE
	6.4609

	31
	14
	256QAM
	866
	6.7656

	32
	interpolated SE
	7.0625

	33
	15
	256QAM
	942
	7.3594


In order to minimize MAC PDU padding and deviation from target SE, we propose to add the following TBS values.

· 13344, 26736, 29936, 40128, 47912, 49872, 53328, 53904, 59896, 89856, 95848, 99664, 107832, 119816, 143784, 149776, 161760, 191720, 199824, 215688.
With the inclusion of the above values, we can generate the following TBS table extension.

Table 4. Extended TBS table for NPRB 1 through 10
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	27
	648
	1320
	1992
	2664
	3368
	4008
	4584
	5352
	5992
	6712

	28
	680
	1384
	2088
	2792
	3496
	4136
	4968
	5544
	6200
	6968

	29
	712
	1480
	2216
	2984
	3624
	4392
	5160
	5992
	6456
	7224

	30
	744
	1544
	2280
	3112
	3880
	4584
	5352
	6200
	6968
	7736

	31
	776
	1608
	2408
	3240
	4008
	4776
	5736
	6456
	7224
	7992

	32
	808
	1672
	2536
	3368
	4264
	4968
	5992
	6712
	7480
	8504

	33
	968
	1992
	2984
	4008
	4968
	5992
	6968
	7992
	8760
	9912


Table 5. Extended TBS table for NPRB 91 through 100
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	91
	92
	93
	94
	95
	96
	97
	98
	99
	100

	27
	59256
	61688
	61664
	61664
	63776
	63776
	63776
	63776
	66592
	66592

	28
	63776
	63776
	63776
	66592
	66592
	66592
	68808
	68808
	68808
	68808

	29
	66592
	66568
	68808
	68808
	68808
	71112
	71112
	71112
	73736
	73712

	30
	71112
	71112
	71112
	73736
	73736
	73712
	75376
	75376
	76208
	76208

	31
	73712
	73712
	75376
	76208
	76208
	78704
	78704
	78704
	81176
	81176

	32
	76208
	78704
	78704
	78704
	81176
	81176
	81176
	81176
	84760
	84760

	33
	90816
	90816
	93800
	93800
	93800
	93800
	97896
	97896
	97872
	97872


The full TBS table is shown in the Annex.

The layer 1 TBS to layer 2,3,4 TBS mapping on top of existing TBS mapping is shown in Table 6.
Table 6. Extended TBS L1 to L2/L3/L4 mapping table

	TBS_L1
	TBS_L2
	TBS_L3
	TBS_L4

	13344
	26832
	40224
	53616

	29936
	60136
	90192
	120248

	47912
	96232
	144336
	192440

	49872
	100176
	150240
	200304

	53904
	108264
	162384
	216504


Proposal 3: Adopt the TBS table shown in the Annex.
Proposal 4: Adopt the extended TBS layer 1 to layer 2/3/4 mapping table shown in Table 6.
2.3
Signaling of 256QAM MCS

In order to insert 7 new 256 QAM entries and 4 special states for re-transmission purposes, we would have to remove 8 entries from the existing MCS mapping table. When removing some entries of the TBS to accommodate 256 QAM entries, we should make sure the MCS table also supports common MAC PDU sizes as well as typical VoIP packet sizes. The following are some common MAC PDU sizes [1]:
· RACH: 9 bytes (81 bits)
· RACH response: 7 bytes (56 bits) or 1+N*6 bytes where N is #UEs

· TCP ACK (with ROHC): 5/6 bytes (40 or 48 bits)
· AMR SID (with ROHC): 15 bytes (120 bits)
· AMR 7.95Kbps: 29 bytes (232 bits)
· AMR 12.2Kbps: 40 bytes (320 bits)
One method, which is being proposed by several companies [2], [3] and [4], is to remove the highest MCS entry every odd lower MCS entries starting from #1, overlapping SE entries in the MCS table, and the 1 or 2 of the highest non-reserved MCS entries. It was shown in [4] that this can support typical VoIP packet sizes. However, removal of MCS #3 for 1 RB allocation removes the support of TCP ACK packet size, which is 40 bits. Removing every even lower MCS entries starting from #0 does not resolve the issue, as removal of #4 or #8 removes AMR SID packet size from the MCS table.
Therefore, we propose that IMCS index mapping to ITBS be different for 1 RB allocation and the more than 2 RB allocations. One simple fix would be to remove MCS #6 which corresponds to 328 bit with QPSK instead of #3 when NPRB equals 1. The 328 bit QPSK entry in the TBS table was designed for VoIP with TTI bundling which is only supported in the uplink. The grey highlighted entries of the TBS value in Table 7 show TBS entries that will not be mapped to MCS entries.
Table 7. Example TBS to MCS mapping removal for inclusion of 256 QAM MCS entries
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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 5: Do not support overlapping spectral efficiency entries in the new MCS table. 
Proposal 6: Do not map TBS entries #1, #5, #6, #7, #9, and #26 in the new MCS table for 1 RB allocations. TBS entries #0, #2, #3, #4, #8, #10 ~ #25, #27 ~ #33 shall be used in the MCS table for 1 RB allocations.
Proposal 7: Do not map TBS entries #1, #3, #5, #7, #9, and #26 in the new MCS table for more than 1 RB allocations. TBS entries #0, #2, #4, #6, #8, #10 ~ #25, #27 ~ #33 shall be used in the MCS table for more than 1 RB allocations.
Table 7 shows an example of the new MCS table mapping.
Table 7. Example MCS table
	Existing MCS index
	Modulation Order
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	TBS Index
for 1 RB
	TBS index for larger than 1 RB

	0
	2
	0
	0

	1
	2
	~
	~

	2
	2
	2
	2

	3
	2
	3
	~

	4
	2
	4
	4

	5
	2
	~
	~

	6
	2
	~
	6

	7
	2
	~
	~

	8
	2
	8
	8

	9
	2
	~
	~

	10
	4
	~
	~

	11
	4
	10
	10

	12
	4
	11
	11

	13
	4
	12
	12

	14
	4
	13
	13

	15
	4
	14
	14

	16
	4
	~
	~

	17
	6
	15
	15

	18
	6
	16
	16

	19
	6
	17
	17

	20
	6
	18
	18

	21
	6
	19
	19

	22
	6
	20
	20

	23
	6
	21
	21

	24
	6
	22
	22

	25
	6
	23
	23

	26
	6
	24
	24

	27
	6
	25
	25

	28
	6
	~
	~

	~
	8
	27
	27

	~
	8
	28
	28

	~
	8
	29
	29

	~
	8
	30
	30

	~
	8
	31
	31

	~
	8
	32
	32

	~
	8
	33
	33

	29
	2
	reserved

	30
	4
	

	31
	6
	

	~
	8
	


The last issue about MCS table is the ordering of the TBS index. Although CQI was ordered by spectral efficiency, MCS index to TBS index can be arbitrary, as the MCS to TBS mapping does not impact RAN4 testing procedures like CQI.
The TBS index mapping in the MCS table can be made such that MCS index interpretation issue during RRC reconfigurations is minimized somewhat. However, the TBS index mapping does not completely solve the issue as there is no guarantee how the network would operate during this RRC reconfiguration period.
One method to completely avoid this ambiguity issue is to implicitly indicate the MCS table (whether it is the legacy or new MCS table) via CRC masking. For example, if the MCS field is based on legacy MCS table definition, the CRC bit field of the DCI format is not bit masked (or equivalently bit masked with all zeros). If the MCS field is based on the newly defined and optimized table for 256 QAM, the CRC bit field of the DCI format can be bit masked with 1. An example of the bit mask pattern is shown in Table 8.
Table 8. CRC bit masks for different MCS tables
	Masking bit sequence
	MCS table indication

	<0,0,0,0, 0,0,0,0, 0,0,0,0, 0,0,0,0>
	MCS field(s) are based on the legacy MCS table

	<0,0,0,0, 0,0,0,0, 0,0,0,0, 0,0,0,1>
	MCS field(s) are based on the new MCS table (optimized for 256QAM)


Proposal 8: Use CRC bit masks in the downlink DCI formats (except format 1A and 1C) to indicate the use of legacy MCS table or 256 QAM optimized MCS table.

3
Conclusions

In this contribution, we discuss remaining aspects of downlink 256QAM for LTE. The following is our proposals:
Proposal 1: Remove spectral efficiency corresponding to CQI {#1, #3, #5} from the existing CQI table.

Proposal 2: The code rate for the 256 QAM CQI entries, which correspond to CQI #12 ~ #15, are {711, 788, 866, 942}/1024.

Proposal 3: Adopt the TBS table shown in the Annex.

Proposal 4: Adopt the extended TBS layer 1 to layer 2/3/4 mapping table shown in Table 6.

Proposal 5: Do not support overlapping spectral efficiency entries in the new MCS table. 

Proposal 6: Do not map TBS entries #1, #5, #6, #7, #9, and #26 in the new MCS table for 1 RB allocations. TBS entries #0, #2, #3, #4, #8, #10 ~ #25, #27 ~ #33 shall be used in the MCS table for 1 RB allocations.
Proposal 7: Do not map TBS entries #1, #3, #5, #7, #9, and #26 in the new MCS table for more than 1 RB allocations. TBS entries #0, #2, #4, #6, #8, #10 ~ #25, #27 ~ #33 shall be used in the MCS table for more than 1 RB allocations.
Proposal 8: Use CRC bit masks in the downlink DCI formats (except format 1A and 1C) to indicate the use of legacy MCS table or 256 QAM optimized MCS table.

3
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Annex – Extended TBS table
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	27
	648
	1320
	1992
	2664
	3368
	4008
	4584
	5352
	5992
	6712

	28
	680
	1384
	2088
	2792
	3496
	4136
	4968
	5544
	6200
	6968

	29
	712
	1480
	2216
	2984
	3624
	4392
	5160
	5992
	6456
	7224

	30
	744
	1544
	2280
	3112
	3880
	4584
	5352
	6200
	6968
	7736

	31
	776
	1608
	2408
	3240
	4008
	4776
	5736
	6456
	7224
	7992

	32
	808
	1672
	2536
	3368
	4264
	4968
	5992
	6712
	7480
	8504

	33
	968
	1992
	2984
	4008
	4968
	5992
	6968
	7992
	8760
	9912
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	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	27
	7224
	7992
	8504
	9144
	9912
	10680
	11448
	11832
	12576
	13344

	28
	7736
	8248
	9144
	9912
	10296
	11064
	11832
	12576
	13344
	14112

	29
	7992
	8760
	9528
	10296
	11064
	11832
	12576
	13344
	14112
	14688

	30
	8504
	9144
	9912
	10680
	11448
	12192
	12960
	14112
	14688
	15264

	31
	8760
	9528
	10296
	11448
	12216
	12960
	13536
	14688
	15264
	16416

	32
	9144
	9912
	11064
	11832
	12576
	13536
	14112
	15264
	15840
	16992

	33
	11064
	11832
	12960
	14112
	14688
	15840
	16992
	17568
	19080
	19848
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	21
	22
	23
	24
	25
	26
	27
	28
	29
	30

	27
	14112
	14688
	15264
	15840
	16416
	16992
	17568
	18312
	19080
	19848

	28
	14688
	15264
	15840
	16992
	17568
	18336
	19080
	19848
	20616
	20616

	29
	15264
	16416
	16992
	17568
	18312
	19080
	19848
	20616
	21384
	22152

	30
	16416
	16992
	17568
	18312
	19080
	19848
	20616
	21384
	22152
	22920

	31
	16992
	17568
	18312
	19080
	19848
	20616
	22152
	22920
	23688
	24520

	32
	17568
	18312
	19080
	19848
	21384
	22152
	22920
	23688
	24496
	25456

	33
	20616
	22152
	22920
	23688
	24496
	25456
	26416
	28336
	29296
	29936
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	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	27
	20616
	21384
	22152
	22920
	22920
	23688
	24496
	25456
	25456
	26416

	28
	21384
	22152
	22920
	23688
	24496
	25456
	25456
	26416
	27376
	28336

	29
	22920
	23688
	24520
	24496
	25456
	26416
	27376
	28336
	28336
	29296

	30
	23688
	24496
	25456
	26416
	27376
	27376
	28336
	29296
	29936
	30552

	31
	25456
	25456
	26416
	27376
	28336
	29296
	29936
	30552
	31704
	32856

	32
	26416
	27376
	27376
	28336
	29296
	30576
	31704
	31704
	32856
	34008

	33
	30552
	31704
	32856
	34008
	35160
	35160
	36672
	37888
	39232
	39232
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	41
	42
	43
	44
	45
	46
	47
	48
	49
	50

	27
	27376
	27376
	28336
	29296
	29936
	30576
	31704
	31704
	32856
	32856

	28
	28336
	29296
	29936
	30552
	31704
	31704
	32856
	34008
	34008
	35160

	29
	29936
	30552
	31704
	32856
	32856
	34008
	34008
	35160
	36696
	36672

	30
	31704
	32856
	32856
	34008
	35160
	35160
	36696
	36672
	37888
	39232

	31
	32856
	34008
	35160
	35160
	36696
	36672
	37888
	39232
	39232
	40576

	32
	34008
	35160
	36696
	36672
	37888
	39232
	39232
	40576
	40576
	42368

	33
	40576
	42368
	42344
	43816
	45352
	45352
	46888
	47912
	48936
	49872
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