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1 Introduction

In RAN Meeting #62, it is approved that the objectives of the work item for small cell enhancements - physical layer aspects include:
· Spectrum efficiency enhancement with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication.
In this contribution, we discussed the configuration of CQI/MCS/TBS tables for 256QAM support in downlink. 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 based on some simulation results.
2 CQI/MCS/TBS tables for 256 QAM
4-bit CQI table and 5-bit MCS table are kept for supporting 256QAM. Existing and new tables for 256QAM should be configurable. 
2.1 Configuration of the tables

The RRC signaling can be used to configure the existing tables and the new tables for 256QAM. UE specific configuration should be done and based on the channel condition of each UE. However, the default table should be existing table in the beginning of initial access. The configuration can base on the subframe measurement sets. ABS subframe set, if configured, should be able to support 256QAM, while the Non-ABS subframe set may not need to support 256QAM. 
The inter-layer interference also affects the scheduling of 256QAM. Suppose the maximum layer supported for 256QAM is L(e.g. L = 7), then for layers exceeding L the existing tables should be always in use. By using the existing tables for transmission layers larger than the maximum supported layer for 256QAM, the scheduling and feedback would be more proper. This is because the exsiting table have finer granularity lower SE region under the restriction of the table sizes. 
Proposal 1: 

· The configuration of the CQI/MCS/TBS table should base on subframe measurement sets. 
· For layers exceeding the maximum layer supported for 256QAM, the existing tables should be uesed.
2.2 CQI table
In introduction of CQI table for 256 QAM, the following considerations are covered: 

1) 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(Figure 2). Therefore, the maximum SE of 256QAM is 8*0.93 = 7.44. 
2) Spectral efficiencies in CQI table are chosen such that mapping between CQI indices and SNR (e.g. targeting at 10% BLER) is even.

3) To introduce 256QAM entries, QPSK entries can be removed at a certain interval so that the granularity in low SE region won’t be too rough comparing with removing the lowest entries. E.g., some QPSK entries with even CQI indices are removed. In addition, the lowest QPSK entry should be kept to guarantee the performance extreme channel fluctuation. 

In regarding of spectral efficiency associated with the first 256QAM entry in the new CQI table,  Figure 1 shows the SNR-SE curves for 64QAM and 256QAM assuming different TxEVM/RxEVM values. The simulation assumptions are given in Table A.1 in Appendix A. Referring to the 90% throughput, it is observed that 256QAM begins to outperform 64QAM when SE equals that of CQI index 14. Therefore, it is reasonable to replace the last two entries, or at least the last entry in the existing CQI table by 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 five newly introduced 256QAM entries with SE ranging from 4.89 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, the last 2 entries for 64QAM and the QPSK entries with CQI indies 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) is even. 
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a．Tx EVM = Rx EVM = 0%                           b．Tx EVM = 3%, Rx EVM = 1.5%
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        c．Tx EVM = 4%, Rx EVM = 2%
Figure 1. SE vs SNR for 256QAM and 64QAM, EPA channel, 2*2 MIMO
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Figure 2. SE va SNR targeting at BLER of 0.1, AWGN channel, SISO, 

Tx EVM = 0%, Rx EVM = 0%
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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
	256QAM
	626
	4.8906

	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: 
· Under fading channel, 256QAM begins to outperform 64QAM when SE equals that of the existing CQI index 14 (SE = 5.1152). Therefore, it is reasonable to remove the last two entries, or the last entry in the existing CQI table for 256QAM.
· Five or four 256QAM entries with SE up to 7.44 can be incorporated in the new CQI table. These 256QAM entries can be assigned for evenly spaced SNRs (targeting at BLER of 0.1).
· Several QPSK entries with even CQI indices in the low SE region can be removed from the existing table, since the application scenarion does not optimize low SNR operation.
2.3 MCS/ TBS table
The MCS and CQI tables should be matched, e.g., the occupation proportion of a modulation scheme and also the SNR range covered 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. 
The new MCS table for 256QAM corresponding to Table 1 is showed in Table 2. Eight QPSK entries in the low SE region and four 64 QAM entries are removed to introduce eleven 256 QAM entries (including one reserved entry) and one overlaping 64 QAM entry. 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 Figure 4 shows, mappings between IMCS and SNR (targeting at 10% BLER) are linear in low and high SNR regions, respectively . 
Table 2 The MCS table for 256 QAM corresponding to Table 1.
	MCS Index
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	TBS Index
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	Comments

	0
	2
	0
	0
	Existing CQI 2 

	1
	2
	1
	2
	Table1 CQI 2

	2
	2
	2
	4
	Average SE

	3
	2
	3
	6
	Table1 CQI 3

	4
	2
	4
	8
	Average SE

	5
	4
	5
	11
	Table1 CQI 4

	6
	4
	6
	13
	Table1 CQI 5 

	7
	4
	7
	15
	Table1 CQI 6

	8
	4
	8
	16
	Average SE

	9
	6
	9
	17
	Overlap

	10
	6
	10
	18
	Table1 CQI 7 

	11
	6
	11
	19
	Average SE

	12
	6
	12
	20
	Table1 CQI 8 

	13
	6
	13
	21
	Average SE

	14
	6
	14
	22
	Table1 CQI 9 

	15
	6
	15
	23
	Average SE

	16
	6
	16
	24
	Table1 CQI 10 

	17
	6
	17
	—
	Average SE

	18
	8
	18
	—
	Overlap

	19
	8
	19
	—
	Table1 CQI 11

	20
	8
	20
	—
	Average SE

	21
	8
	21
	—
	Table1 CQI 12

	22
	8
	22 
	—
	Average SE

	23
	8
	23 
	—
	Table1 CQI 13

	24
	8
	24 
	—
	Average SE

	25
	8
	25 
	—
	Table1 CQI 14

	26
	8
	26
	—
	Average SE

	27
	8
	27
	—
	Table1 CQI 15

	28
	2
	Reserved
	29
	

	29
	4
	
	30
	

	30
	6
	
	31
	

	31
	8
	
	—
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Figure 4. "MCS index" vs. SNR targeting at BLER of 0.1

Note: The overlap entries are not included in this figure. “MCS indices” 9-16, 17- 25 correspond to MCS indices 10 -17, 19-27 respectively.

The TBS table should be finally defined after the MCS/CQI tables have been decided. It is noted TBSs for 256 QAM can mostly reuse the sizes in the current TBS table.
Proposal 3: 
· The MCS in the new CQI table except the first one can be all incorporated in the MCS table for 256QAM. 
3 Maximum supported layer and UE category for 256QAM
Full eight layers would 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 4: 

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

In summary, we considered the design of the CQI/MCS/TBS tables for 256QAM, the configuration of the existing and 256 QAM tables. 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. 

· For layers exceeding the maximum layer supported for 256QAM, the existing tables should be uesed.

Proposal 2: 

· Under fading channel, 256QAM begins to outperform 64QAM when SE equals that of the existing CQI index 14 (SE = 5.1152). Therefore, it is reasonable to remove the last two entries, or the last entry in the existing CQI table for 256QAM.

· Five or four 256QAM entries with SE up to 7.44 can be incorporated in the new CQI table. These 256QAM entries can be assigned for evenly spaced SNRs (targeting at BLER of 0.1).

· Several QPSK entries with even CQI indices in the low SE region can be removed from the existing table, since the application scenarion does not optimize low SNR operation.
Proposal 3: 

· The MCS in the new CQI table except the first one can be all incorporated in the MCS table for 256QAM. 
Proposal 4: 

· Considering the maximum layer supported for 256QAM up to 7.  
· New UE category can be introduced to support 256QAM. The exsiting UE category can also be modified to support it without extending the UE buffer size.
Appendix A
Table A.1. Link-level simulation assumption 1
	Bandwidth
	10MHz

	Carrier frequency 
	3.5G

	RB number scheduled
	50

	Channel model 
	EPA

	UE speed
	3km/h

	MIMO configuration
	2×2 with low correlation

	CRS configuration
	ports 0,1

	CSI RS
	2-ports NZP CSI-RS with 5ms period

	DMRS
	ports 7,8

	Rank 
	2

	PMI
	Based on UE measurement and feedback

	MCS
	256QAM/64QAM,  
SE: 3.9023/4.5234/5.1152 

	HARQ
	On

	UE receiver
	MMSE

	Channel estimation
	Practical

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	Overhead Assumption
	3 PDCCH symbols

	
	2-port CRS

	
	2-port DMRS

	
	2-port CSI-RS with 5ms period

	Metric
	Spectral efficiency (bps/Hz)


Table A.2. Link-level simulation assumption 2
	Bandwidth
	10MHz

	RB number scheduled
	50

	Carrier frequency 
	3.5G

	Channel model 
	EPA

	UE speed
	3km/h

	SNR
	40 dB

	MIMO configuration
	8×8 with low correlation

	CSI RS
	8-ports NZP CSI-RS with 5ms period

	DMRS
	ports 7 − 14

	Rank adaptation
	On

	PMI
	Based on UE measurement and feedback

	Link adaptation
	On

	HARQ
	On

	UE receiver
	MMSE

	Channel estimation
	Practical

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0
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