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1
Introduction
At last RAN1 meeting, it was agreed for the CQI/MCS/TBS table design [1],
· 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

· 256QAM is supported for up to 8-layer PDSCH transmissions

· 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

· 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

Based on these agreements, we give simulation results to determine the spectral efficiency for each new 256QAM entry. We analyse which set of legacy CQI entries are better to be removed, and provide corresponding MCS table design. Based on all the analysis, we give our side preference on the CQI/MCS table for 256QAM. 
2
CQI/MCS table design
Spectral efficiencies of each new 256QAM CQI entries
As was agreed in the last meeting, the modulation order of the existing CQI15 needs to be changed to 256QAM. It is natural that the 256QAM CQI replacing CQI15 should provide similar 10% BLER performance under SISO AWGN channel with that of CQI15, in order to keep almost unchanged granularity between CQI14 and this new 256QAM CQI. In Fig.1, it shows that the performance of {256QAM, 711/1024} provides very marginal performance gap with legacy CQI15 at 10% BLER, thus could be used as a good candidate for this new CQI. It is also noted that {256QAM, 711/1024} has same spectral efficiency with legacy CQI15, which means the TBS of legacy MCS28 (corresponding to CQI15) could be reused. Also in Fig.1, we show the BLER performance of {256QAM, 948/1024}, and found that the performance gap of {256QAM, 711/1024} with {256QAM, 948/1024} is around 5.66dB, resulting an around 1.88dB granularity for the 4 new 256QAM CQIs. This is well aligned with the granularity in the legacy table, so that there is no need to define any new highest code rate in the new table. In Fig.1, we give candidates for the remaining 2 256QAM CQIs that provide even performance gap, which have the code rate 802/1024 and 887/1024, respectively.
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Fig.1 Determination of 256QAM CQIs 

Proposal1: Among the four added 256QAM CQIs, the one replacing current CQI15 has the same spectral efficiency with that of CQI15. The one with highest spectral efficiency has the code rate 948/1024. Another two CQIs have the code rate around 802/1024 and 887/1024, respectively.
Removed legacy CQI entries
As agreed in the last RAN1 meeting, either low CQI entries {#1,#3,#5} or CQI{#2,#4,#6} need to be removed. Hereafter we call them as option1 and option2, respectively. Since legacy CQI1 is reserved for PDCCH transmission in Rel.8 design, removing of legacy CQI{#1,#3,#5} will not support this feature for the UEs configured with the new CQI table. On the other hand, since both options will have an around 4dB granularity region in the low CQI area in the new table, there will be an around 2dB granularity region in the new MCS table correspondingly. Following Rel.8 MCS table design principle, we observe that,
· For the MCS table based on option1, the corresponding legacy MCS {#1,#3,#5,#7} are removed, as shown in table 5 in Annex (marked with green color). Totally 4 MCS entries are removed.
· For the MCS table based on option2, the corresponding legacy MCS {#0,#1,#3,#5,#7,#9,#10} are removed, as shown in table 7 in Annex (marked with green color). Totally 7 MCS entries are removed.
Option1 enables legacy MCS0 (corresponding to legacy CQI2) remained in the new MCS table, while the new MCS table designed based on option2 starts from legacy CQI3. From this point of view, option1 enables to support MCS with lower starting SE in the new MCS table, thus could support more robust transmission. It is also observed that removing of CQI{#2,#4,#6} causes the 2dB granularity region ended at higher spectral efficiency MCS, thus may cause slightly worse performance than that of removing CQI{#1,#3,#5}.
The new MCS table based on option2 might also be designed to have same starting MCS with that under option1, i.e., starts from legacy CQI1, and eNB could choose this MCS for data transmission based on implementation. By this way, the corresponding legacy MCS {#1,#3,#5,#7,#9,#10}are removed.
To decide which CQI set is removed, it also needs to check whether each deduced new MCS table has enough space to accommodate all the new 256QAM MCS entries. Given the fact that totally 8 MCS entries (7 explicit 256QAM MCSs and 1 implicit MCS for retransmission) are needed for 256QAM, it requires to remove several additional MCS entries in the legacy table, besides the removed ones from the CQI entry removing. Therefore 4 additional MCS entries need to be removed for MCS table based on option1 and 1 or 2 MCS entries for MCS table based on option2 (depends on whether to keep legacy MCS0 in the new table) need to be removed. Since it is obviously not hoped to remove more MCS entries for each option to have a larger 2dB granularity region, it is good to consider remove the legacy overlapped MCS entries and only keep the one optimized for frequency flat channel (i.e., lower Modulation order and higher code rate). It further means that there will not exist {64QAM, 256QAM}overlap region in the new MCS table, and current MCS28 will be removed. By doing so, we observe that, 

· In MCS table based on option1, the legacy MCS{#10,#17,#28} are removed, as shown in table 5 in Annex (marked with red color). Totally 3 more MCS entries could be removed. 
· In MCS table based on option2, , the legacy MCS{#17,#28} are removed, as shown in table 7 in Annex (marked with red color). Totally 2 more MCS entries could be removed.
Added by the number of removed entries resulting from CQI entry removing, the MCS table based on option1 could only provide 7 entries, while MCS table based on option2 provides 8 or 9 available entries. MCS table designed based on option1 cannot provide enough space for the new 256QAM MCS entries. To enable that, it needs to remove one more MCS entry, e.g., legacy MCS9. However by doing so, the MCS table based on option 1 and option 2 will have 2dB granularity region ended at same spectral efficiency. Besides, this kind of MCS removal is not aligned with Rel.8 design.
Given the advantage and disadvantage analysis, we have the following proposal,
Proposal2: The legacy CQI{#2,#4,#6} are removed.
Based on the above proposals, we have the new CQI table shown in Table.1,
Table 2: Proposed new CQI table
	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
	802
	6.2656

	14
	256QAM
	887
	6.9297

	15
	256QAM
	948
	7.4063


MCS table design
According to the analysis in the above section, we have the following proposal for MCS table design, 
Proposal 3: Either the legacy MCS entries {#1,#3,#5,#7,#9,#10,#17, #28} or {#0,#1,#3,#5,#7,#9,#10,#17,#28} are removed.
In addition, for the MCS indexing in the new table, there are two options,

· Alt 1: For 256QAM Modulation and TBS index table keep the MCS indices the same for the entries, which are preserved from Rel-8 Modulation and TBS index table 
· Alt 2: For 256QAM Modulation and TBS index table, the MCS indices are ordered based on spectral efficiency  
It was argued that Alt.1 could alleviate the ambiguity of MCS table used during RRC (re)configuration. However since it was agreed to use legacy CQI/MCS table for DCI format 1A, the ambiguity issue that Alt.1 targets is not that severe. In addition, it was already agreed to order CQI table based on spectral efficiency, ordering MCS entries using Atl.1 is not that meaningful in terms of ambiguity alleviation. Therefore our side preference is to use Alt.2 for the MCS ordering, i.e., the MCS indices are ordered based on spectral efficiency.
Proposal4: The modulation and TBS entries in the new Rel.12 modulation and TBS index table ordered based on spectral efficiency.
By removing legacy MCS entries {#1,#3,#5,#7,#9,#10,#17, #28}, we have the new MCS table shown in table.2.
Table 3: Proposed new MCS table
	MCS Index
	modulation
	coding rate x 1024
	efficiency
	Comments

	0
	2
	120
	0.2344
	from legacy CQI1 

	1
	2
	193
	0.377
	from CQI 2

	2
	2
	308
	0.6016
	Average Efficiency

	3
	2
	449
	0.877
	from CQI 3

	4
	2
	602
	1.1758
	Average Efficiency

	5
	4
	378
	1.4766
	from CQI 4

	6
	4
	434
	1.69535
	Average Efficiency

	7
	4
	490
	1.9141
	from CQI 5

	8
	4
	553
	2.1602
	Average Efficiency

	9
	4
	616
	2.4063
	from CQI 6

	10
	4
	658
	2.5684
	Average Efficiency

	11
	6
	466
	2.7305
	from CQI 7

	12
	6
	517
	3.0264
	Average Efficiency

	13
	6
	567
	3.3223
	from CQI 8

	14
	6
	616
	3.6123
	Average Efficiency

	15
	6
	666
	3.9023
	from CQI 9

	16
	6
	719
	4.21285
	Average Efficiency

	17
	6
	772
	4.5234
	from CQI 10

	18
	6
	822
	4.8193
	Average Efficiency

	19
	6
	873
	5.1152
	from CQI 11

	20
	6
	910
	5.33495
	Average Efficiency

	21
	8
	711
	5.5547
	from CQI 12

	22
	8
	755
	5.8984
	Average Efficiency

	23
	8
	802
	6.2422
	from CQI 13

	24
	8
	845
	6.6016
	Average Efficiency

	25
	8
	887
	6.9219
	from CQI 14

	26
	8
	918
	7.1719
	Average Efficiency

	27
	8
	948
	7.4063
	from CQI 15

	28
	Implicit TBS signalling with QPSK

	29
	Implicit TBS signalling with 16QAM

	30
	Implicit TBS signalling with 64QAM

	31
	Implicit TBS signalling with 256QAM


3
Conclusion

In this contribution, we have the following proposals for the new CQI and MCS table design for 256QAM, 

Proposal1: Among the four added 256QAM CQIs, the one replacing current CQI15 has the same spectral efficiency with that of CQI15. The one with highest spectral efficiency has the code rate 948/1024. Another two CQIs have the code rate around 802/1024 and 887/1024, respectively.
Proposal2: The legacy CQI{#2,#4,#6} are removed.
Proposal 3: Either the legacy MCS entries {#1,#3,#5,#7,#9,#10,#17, #28} or {#0,#1,#3,#5,#7,#9,#10,#17,#28} are removed.
Proposal4: The modulation and TBS entries in the new Rel.12 modulation and TBS index table ordered based on spectral efficiency.
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Annex.
Table.4 Removed CQI entries of option1
	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.5 correspondingly removed MCS entries for option1
	MCS Index
	modulation
	coding rate x 1024
	efficiency
	Comments

	0
	2
	120
	0.2344
	from CQI 2

	1
	2
	157
	0.3057
	Average Efficiency

	2
	2
	193
	0.377
	from CQI 3

	3
	2
	251
	0.4893
	Average Efficiency

	4
	2
	308
	0.6016
	from CQI 4

	5
	2
	379
	0.7393
	Average Efficiency

	6
	2
	449
	0.877
	from CQI 5

	7
	2
	526
	1.0264
	Average Efficiency

	8
	2
	602
	1.1758
	from CQI 6

	9
	2
	679
	1.3262
	Average Efficiency

	10
	4
	340
	1.3262
	Overlap

	11
	4
	378
	1.4766
	from CQI 7

	12
	4
	434
	1.69535
	Average Efficiency

	13
	4
	490
	1.9141
	from CQI 8

	14
	4
	553
	2.1602
	Average Efficiency

	15
	4
	616
	2.4063
	from CQI 9

	16
	4
	658
	2.5684
	Average Efficiency

	17
	6
	438
	2.5684
	Overlap

	18
	6
	466
	2.7305
	from CQI 10

	19
	6
	517
	3.0264
	Average Efficiency

	20
	6
	567
	3.3223
	from CQI 11

	21
	6
	616
	3.6123
	Average Efficiency

	22
	6
	666
	3.9023
	from CQI 12

	23
	6
	719
	4.21285
	Average Efficiency

	24
	6
	772
	4.5234
	from CQI 13

	25
	6
	822
	4.8193
	Average Efficiency

	26
	6
	873
	5.1152
	from CQI 14

	27
	6
	910
	5.33495
	Average Efficiency

	28
	6
	948
	5.5547
	from CQI 15

	28
	Implicit TBS signalling with QPSK

	29
	Implicit TBS signalling with 16QAM

	30
	Implicit TBS signalling with 64QAM


Table.6 Removed CQI entries of option2
	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.7 correspondingly removed MCS entries for option2
	MCS Index
	modulation
	coding rate x 1024
	efficiency
	Comments

	0
	2
	120
	0.2344
	from CQI 2

	1
	2
	157
	0.3057
	Average Efficiency

	2
	2
	193
	0.377
	from CQI 3

	3
	2
	251
	0.4893
	Average Efficiency

	4
	2
	308
	0.6016
	from CQI 4

	5
	2
	379
	0.7393
	Average Efficiency

	6
	2
	449
	0.877
	from CQI 5

	7
	2
	526
	1.0264
	Average Efficiency

	8
	2
	602
	1.1758
	from CQI 6

	9
	2
	679
	1.3262
	Average Efficiency

	10
	4
	340
	1.3262
	Overlap

	11
	4
	378
	1.4766
	from CQI 7

	12
	4
	434
	1.69535
	Average Efficiency

	13
	4
	490
	1.9141
	from CQI 8

	14
	4
	553
	2.1602
	Average Efficiency

	15
	4
	616
	2.4063
	from CQI 9

	16
	4
	658
	2.5684
	Average Efficiency

	17
	6
	438
	2.5684
	Overlap

	18
	6
	466
	2.7305
	from CQI 10

	19
	6
	517
	3.0264
	Average Efficiency

	20
	6
	567
	3.3223
	from CQI 11

	21
	6
	616
	3.6123
	Average Efficiency

	22
	6
	666
	3.9023
	from CQI 12

	23
	6
	719
	4.21285
	Average Efficiency

	24
	6
	772
	4.5234
	from CQI 13

	25
	6
	822
	4.8193
	Average Efficiency

	26
	6
	873
	5.1152
	from CQI 14

	27
	6
	910
	5.33495
	Average Efficiency

	28
	6
	948
	5.5547
	from CQI 15

	28
	Implicit TBS signalling with QPSK

	29
	Implicit TBS signalling with 16QAM

	30
	Implicit TBS signalling with 64QAM
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