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1 Introduction

In RAN1 Meeting # 76, agreements were reached on the standard impacts for 256QAM [1, 2]. In this contribution, we further discuss the configuration of CQI/MCS/TBS tables for 256QAM support in downlink based on some simulation results. Also some considerations on the design of CQI/MCS/TBS tables, the maximum spatial layer to be supported, as well as the UE category for 256QAM are provided.
2 CQI/MCS/TBS tables for 256 QAM
2.1 Configuration of the tables

In RAN1 Meeting # 76, it is agreed that the RRC signaling can be used to configure the legacy and 256QAM tables for each configured CC. This is quite natural due to different channel conditions of each CC. The configuration can be measurement-set-dependent, in cell with ABS and non-ABS subframe set. Figure 1a shows the CDF curve of the SINR difference, which is obtained by statistics of the SINR in non-ABS subframes and ABS subframes. Only UEs scheduled with 256 QAM modulation schemes when in ABS subframes are considered in the statistics. It can be seen that 40 % of UEs, who are previously scheduled with 256 QAM modulation schemes in ABS subframes, suffer a SINR decrease of more than 20 dB in non-ABS subframes. As shown in Figure 2, 20 dB is sufficient to degrade the modulation order from 256 QAM to QPSK. The QPSK region in the legacy tables are better sampled than in the new tables. Non-ABS subframes will be better utilized by using legacy tables in that case. As 256QAM should work well in previous features including ABS configuration, the configuration of the CQI/MCS/TBS tables for 256 QAM should be able to depend on the subframe measurement sets. 
256 QAM will be supported for all TMs. It is expected that the received SINR associated with different TP would be in different range. Figure 1b and 1c show the CDF curves of SINR for first three strongest TPs, all UEs/Scenario 1 and LPN UEs/Scenario 2a respectively. The first three strongest TPs’ transmission are coordinated and not taken into account as interference. It is observed that the deviation of 90% UE SINR for the first and third strongest TPs reaches around 15 dB. A UE who is configured with 256QAM tables for the strongest TP can be configured with legacy tables for the other two TPs. It indicates that the use of 256QAM MCS table should be dependent on TPs. Parameter sets linked to PQI field in DCI format 2D can be associated with 256QAM or legacy tables. In addition, in different CSI processes, the detected SINRs can be quite different. The use of 256QAM CQI table can be configured for each CSI process to reflect the channel condition/interference more accurately. 
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Figure 1a. CDF curve of the of SINR difference in ABS and non-ABS subframes
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Figure 1b. CDF curve of SINR due to the first three strongest TPs for all UE in Scenario 1
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Figure 1c. CDF curve of SINR due to the first three strongest TPs for LPN UE in Scenario 2a

Proposal 1: 

· The configuration of the CQI/MCS/TBS table should base on subframe measurement sets. 
· The use of 256QAM MCS table can be configured by the parameter set linked to PQI field in DCI format 2D.
2.2 CQI table
Regarding ordering of 256QAM entries, keeping the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table may reduce the ambiguity of reconfiguration period. However, the differential CQI would then exceed range of the existing 3 or 2 bits, e.g. CQI index difference between 256QAM and 64QAM entries is more than 8. Therefore, it is desirable to order the CQI indices according to the spectral efficiencies.
To fully exploit the efficiency, the maximum code rate for 256 QAM can be up to 0.93, corresponding to a SNR of about 25.5 dB. The maximum SE of 256QAM is 8*0.93 = 7.44.
Four 256QAM entries can be introduced and the last 64QAM entry in the legacy table can be removed. As Figure 2 shows, the spectral efficiency of the first 256 QAM entries can then be chosen such that the corresponding SNR targeting at 10% BLER equals to that of 64QAM entry with CQI index of 15 in the legacy table.
Three QPSK entries can be removed in the manner of every other entry. E.g., QPSK entries with even CQI indices are removed. In addition, the lowest QPSK entry should be kept to guarantee the performance extreme channel fluctuation.
Spectral efficiencies in CQI table are chosen such that mapping between CQI indices and SNR (e.g. targeting at 10% BLER) is even for 256QAM entries in middle and high SNR region.
Taking into account the above considerations, Table 1 gives a CQI table supporting 256QAM.
Figure 2 shows the SNR (targeting at BLER of 0.1) – SE curves for SISO AWGN channel. The circle marks correspond to the existing CQI entries, while the square marks correspond to four newly introduced 256QAM entries with SE ranging from 5.52 to 7.44. These 256QAM entries are chosen such that their SNRs (targeting at BLER of 0.1) are evenly spaced, as well as SNRs corresponding to the existing entries. To fit in CQI indices for 256QAM, besides the last 64QAM entry, the QPSK entries with CQI indices of 2, 4, 6 are removed from the existing table. Table 1 gives this new CQI table for 256QAM. And Figure 3 shows that the mapping between CQI indices and SNR (e.g. targeting at 10% BLER). 
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Figure 2. SE vs. SNR targeting at BLER of 0.1, AWGN channel, SISO, 
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Figure 3. CQI index vs. SNR targeting at BLER of 0.1, associating with Table 1
Table 1. An example of CQI table for 256 QAM

	CQI index
	modulation
	code rate × 1024
	efficiency

	0
	out of range

	1(1) *
	QPSK
	78
	0.1523

	2(3)
	QPSK
	193
	0.3770

	3(5)
	QPSK
	449
	0.8770

	4(7)
	16QAM
	378
	1.4766

	5(8)
	16QAM
	490
	1.9141

	6(9)
	16QAM
	616
	2.4063

	7(10)
	64QAM
	466
	2.7305

	8(11)
	64QAM
	567
	3.3223

	9(12)
	64QAM
	666
	3.9023

	10(13)
	64QAM
	772
	4.5234

	11(14)
	64QAM
	873
	5.1152

	12
	256QAM
	706
	5.5156

	13
	256QAM
	801
	6.2578

	14
	256QAM
	887
	6.9297

	15
	256QAM
	952
	7.4375


* The number in parenthesis denotes the entries in the existing CQI table 

Proposal 2: 
· Ordering the CQI indices according to the spectral efficiencies to avoid the out-of-range problem of differential CQI.
· Four 256QAM entries with maximum SE of 7.44 can be incorporated in the 256QAM table. The spectral efficiency of the first 256 QAM entry can be chosen such that the corresponding SNR targeting at 10% BLER equals to that of the 64QAM entry with CQI index of 15 in the legacy table.
	CQI index
	Modulation
	Code rate × 1024
	efficiency

	12
	256QAM
	706
	5.5156

	13
	256QAM
	801
	6.2578

	14
	256QAM
	887
	6.9297

	15
	256QAM
	952
	7.4375


· The last 64QAM entry and three QPSK entries with even CQI indices in the low SE region in the legacy table can be removed. 
2.3 MCS table
The proportion of a modulation scheme in MCS and covered SNR range should be kept consistent for the CQI/MCS tables. In addition, spectral efficiencies in MCS table should be chosen such that mapping between MCS indices and SNR (e.g. Targeting at 10% BLER) is even. 
For low frequency/time selectivity channel, two high-modulation overlapping entries, i.e. IMCS = 10/17 can be removed for 256QAM. For reserved entries, a simple solution is to add a reserved entry for 256QAM. 
The new MCS table for 256QAM corresponding to Table 1 is showed in Table 2. Eight 256QAM entries, including one reserved entry, are introduced. Besides the two overlapping entries, six QPSK entries in the low SE region are removed. The CQI entries in Table 1 except the one denoted by CQI 1 are all incorporated in Table 2. The granularity in the low SE region is rougher than in the high SE region, as this is only used to ensure radio link robustness. 
Table 2 The MCS table for 256 QAM corresponding to Table 1.
	MCS Index
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	TBS Index
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	MCS Index(in Rel-11)
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	Comments

	0
	2
	0
	0
	Existing CQI 2 

	1
	2
	2
	2
	Table1 CQI 2

	2
	2
	4
	4
	Average SE

	3
	2
	6
	6
	Table1 CQI 3

	4
	2
	8
	8
	Average SE

	5
	4
	10
	11
	Table1 CQI 4

	6
	4
	11
	12
	Average SE

	7
	4
	12
	13
	Table1 CQI 5 

	8
	4
	13
	14
	Average SE

	9
	4
	14
	15
	Table1 CQI 6

	10
	4
	15
	16
	Average SE

	11
	6
	16
	18
	Table1 CQI 7 

	12
	6
	17
	19
	Average SE

	13
	6
	18
	20
	Table1 CQI 8 

	14
	6
	19
	21
	Average SE

	15
	6
	20
	22
	Table1 CQI 9 

	16
	6
	21
	23
	Average SE

	17
	6
	22
	24
	Table1 CQI 10 

	18
	6
	23
	25
	Average SE

	19
	6
	24
	26
	Table1 CQI 11

	20
	6
	25
	27
	Average SE 

	21
	8
	27
	—
	Table1 CQI 12

	22
	8
	28
	—
	Average SE

	23
	8
	29
	—
	Table1 CQI 13

	24
	8
	30
	—
	Average SE

	25
	8
	31
	—
	Table1 CQI 14

	26
	8
	32
	—
	Average SE

	27
	8
	33
	—
	Table1 CQI 15

	28
	2
	Reserved
	29
	

	29
	4
	
	30
	

	30
	6
	
	31
	

	31
	8
	
	—
	


Proposal 3: 
· Keep a reserved entry for 256QAM in the new MCS table in Rel-12 as in Rel-8 in order to ensure the retransmission performance.
·  Due to low selectivity, two high-modulation overlapping entries, i.e.，IMCS = 10/17 can be removed for 256QAM.
· Besides the reserved entry, seven 256 QAM entries can be introduced without an overlapping entry in Rel-12.
	MCS Index
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	TBS Index
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	efficiency

	21
	8
	27
	5.5156

	22
	8
	28
	5.8867

	23
	8
	29
	6.2578

	24
	8
	30
	6.5938

	25
	8
	31
	6.9297

	26
	8
	32
	7.1836

	27
	8
	33
	7.4375


2.4 TBS table

The TBS table can be defined on top of the new MCS/CQI tables. Based on Table 2, new entries for 256 QAM denoted by ITBS of 27－33 can be appended to the legacy TBS table, with  principles as follows.
1) For transmission layers not more than three layers, the TBSs for 256QAM can reuse the sizes in the current TBS tables, i.e., Table 7.1.7.2.1-1/ 7.1.7.2.2-1/ 7.1.7.2.4-1/ 7.1.7.2.5-1. The TBSs are chosen such that the effective code rates are closest to the target code rates. It is noted that the closest-CR principle has a slight difference from the closest-TBS principle.
2) Four-layer TBSs can be designed following the Rel-8 principle of QPP size alignment. Listed below are 33 TBSs fulfilling the QPP size alignment condition with size between 3*10^5 and 4*10^5:
{302776 305976 308832 312096 314888 318216 320944 324336 327000 330456 333056 336576 339112 342696 345168 348816 351224 354936 357280 361056 363336 367176 369392  373296  375448 379416 381504  385536   387560  391656  393616   397776  399672}.  
3) For one-layer TBS for 256QAM, the largest TBS is limited to the TBS denoted by (ITBS, NPRB) = (33, 100)
4) For ITBS < 33 and ITBS = 33, overheads of 120 and 136 REs per PRB are assumed respectively.
The one-layer TBS table for 256QAM is given in the attached document. In the 256QAM one-layer table, there are eight new introduced TBSs, i.e., 76208, 78704, 81176, 84760, 87936, 90816, 93800, and 97896. Figure 4 shows the distribution of effective and target code rates for one-layer TBS. Most of CR differences are below 2%. 
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Figure 4. Effective/target code rates for one-layer TBS for 256QAM

Tables 3 – 5 are the one-layer to two/three and four-layer translations tables for 256QAM, in which high-layer TBSs result in no more than 0.4%, 1.1% and 0.4% CR deviation, respectively.
Table 3 One-layer to two-layer TBS translation table for 256QAM
	TBS_L1
	TBS_L2

	76208
	152976

	78704
	157432

	81176
	161760

	84760
	169544

	87936
	175600

	90816
	181656

	93800
	187712

	97896
	195816


Table 4 One-layer to three-layer TBS translation table for 256QAM
	TBS_L1
	TBS_L3

	76208
	230104

	78704
	236160

	81176
	245648

	84760
	254328

	87936
	266440

	90816
	275376

	93800
	284608

	97896
	293736


Table 5 One-layer to four-layer TBS translation table for 256QAM
	TBS_L1
	TBS_L4

	76208
	305976

	78704
	314888

	81176
	324336

	84760
	339112

	87936
	351224

	90816
	363336

	93800
	375448

	97896
	391656


Regarding the design of TBS table, proposals are given:

Proposal 4: 

· For transmission layers not more than three layers, the TBSs for 256QAM can reuse the sizes in the current TBS table.
· For transmission layers not more than three layers, the TBSs are chosen such that the effective code rates are closest to the target code rates.
· Four-layer TBSs can be designed following the Rel-8 principle of QPP size alignment. Listed below are 33 TBSs ranging from 3*10^5 to 4*10^5 which fulfill the QPP size alignment condition:

{302776 305976 308832 312096 314888 318216 320944 324336 327000 330456 333056 336576 339112 342696 345168 348816 351224 354936 357280 361056 363336 367176 369392  373296 375448 379416 381504  385536 387560 391656  393616 397776 399672}.
3 Maximum supported layer and UE category for 256QAM
Full eight layers may not be used for 256QAM at the same time. Table 3 shows the statistic of subframes in which a certain transmission layer for 256QAM is scheduled, with 8 * 8 antenna configuration and 40 dB SNR. The simulation assumptions are based on Table A.2 in Appendix A. It is noted that 25 out of 50 RBs with relatively high SINR are scheduled for transmission. The results show that the maximum layer supported for 256QAM can be up to 7 in very low probability. There are only 0.35% subframes support eight-layer 256QAM transmissions when Tx EVM = 3%, Rx EVM = 1.5%.
New UE category could be introduced to support 256QAM with higher cost. The existing UE category can be also modified to support 256QAM. However, it is not necessary to extend the UE buffer size to support 256QAM. The simulation is based on the scheduling of the best 25 RBs over 10MHz. It can be expected that the possibility of seven-layer transmission for 256QAM would be negligible when the available RB increases. As an optimistic case, 6-layer transmission for 256QAM are scheduled all over 20MHz, the required UE buffer would turn out to not exceed the existing size designed for 64QAM. 
Table3. Subframe Ratios of transmission layers for 256QAM 

	Transmission 

Layer

Tx EVM

/Rx EVM
	< 6
	6
	7
	8

	3% / 1.5%
	13.54%
	59.93%
	13.25%
	0.35%

	4% / 4%
	8.55%
	1.24%
	0.85%
	0%


Proposal 5: 

· Considering the maximum layer supported for 256QAM up to 7.  
· New UE category can be introduced to support 256QAM. The existing UE category can also be modified to support it without extending the UE buffer size.
4 Conclusions

In summary, we considered the design aspects of the CQI/MCS/TBS tables for 256QAM, the configuration of the existing and 256 QAM tables in this contribution. The maximum layer supported for 256QAM and the UE buffer are also discussed. The proposals are as follows:
Proposal 1: 
· The configuration of the CQI/MCS/TBS table should base on subframe measurement sets. 
· The use of 256QAM MCS table can be configured by the parameter set linked to PQI field in DCI format 2D.
Proposal 2: 
· Ordering the CQI indices according to the spectral efficiencies to avoid the out-of-range problem of differential CQI.
· Four 256QAM entries with maximum SE of 7.44 can be incorporated in the 256QAM table. The spectral efficiency of the first 256QAM entry can be chosen such that the corresponding SNR targeting at 10% BLER equals to that of the 64QAM entry with CQI index of 15 in the legacy table.

	CQI index
	Modulation
	Code rate × 1024
	efficiency

	12
	256QAM
	706
	5.5156

	13
	256QAM
	801
	6.2578

	14
	256QAM
	887
	6.9297

	15
	256QAM
	952
	7.4375


· The last 64QAM entry and three QPSK entries with even CQI indices in the low SE region in the legacy table can be removed. 

Proposal 3: 
· Keep a reserved entry for 256QAM in the new MCS table in Rel-12 as in Rel-8 in order to ensure the retransmission performance.

·  Due to low selectivity, two high-modulation overlapping entries, i.e.，IMCS = 10/17 can be removed for 256QAM.
· Besides the reserved entry, seven 256 QAM entries can be introduced without an overlapping entry in Rel-12.
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	efficiency

	21
	8
	27
	5.5156

	22
	8
	28
	5.8867

	23
	8
	29
	6.2578

	24
	8
	30
	6.5938

	25
	8
	31
	6.9297

	26
	8
	32
	7.1836

	27
	8
	33
	7.4375


Proposal 4: 
· For transmission layers not more than three layers, the TBSs for 256QAM can reuse the sizes in the current TBS table.
· For transmission layers not more than three layers, the TBSs are chosen such that the effective code rates are closest to the target code rates.
· Four-layer TBSs can be designed following the Rel-8 principle of QPP size alignment. Listed below are 33 TBSs ranging from 3*10^5 to 4*10^5 which fulfill the QPP size alignment condition:

{302776 305976 308832 312096 314888 318216 320944 324336 327000 330456 333056 336576 339112 342696 345168 348816 351224 354936 357280 361056 363336 367176 369392  373296 375448 379416 381504  385536 387560 391656  393616 397776 399672}.
Proposal 5: 

· Considering the maximum layer supported for 256QAM up to 7.  
· New UE category can be introduced to support 256QAM. The existing UE category can also be modified to support it without extending the UE buffer size.
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