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1 Introduction

In last RAN1 meeting, the following agreements were reached for 256QAM CQI and MCS table design: 
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:
· 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

This contribution discusses the remaining details of CQI/MCS table design for 256QAM. First the performance comparison between the two options of removing 3 QPSK entries for CQI table design is analyzed and the introduction of new spectral efficiencies for 256QAM entries is discussed. Then considerations of the MCS table design corresponding to the proposed CQI table are addressed. The proposed CQI and MCS tables for 256QAM are also presented in Appendix.

2 CQI table design 
2.1 Comparison of the two removal options
The working assumption is to down-sample low CQI entries by removing 3 QPSK entries, e.g., CQI {#1, #3, #5} or CQI {#2, #4, #6}, and introduce 3 new 256QAM entries for CQI table design. We evaluate the impact of the two removal options on user throughput. System level simulation in scenario 2b (sparse) is considered with the following two CQI tables: 
Case 1: Remove CQI {#1, #3, #5}, and add 3 new 256QAM entries
Case 2: Remove CQI {#2, #4, #6}, and add the same 3 new 256QAM entries as Case 1.
The added 3 new 256QAM entries are proposed in [1] and section 2.2 as well.
In the simulation, the conservative scheduling strategy is adopted. For example, if CQI #4 is removed, the users which are supposed to report CQI#4 will choose CQI #3 instead. Of course the specific algorithm is up to UE implementation. Both light load (RU is about 30%) and medium load (RU is about 50%) scenarios are evaluated, other simulation assumptions are the same as [2]. Figure 1 shows the throughput comparison of the two removal options. It can be observed that performance difference is rather small by removing CQI {#1, #3, #5} or {#2, #4, #6}. 
Observation 1: The UPT performance difference between removing CQI {#2, #4, #6} and removing CQI {#1, #3, #5} is negligible.
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Figure 1. Throughput comparison of the two removal options
In addition, according to the previous principle of CQI table design, CQI index #1 is used for PDCCH only. Removing CQI #1 in 256QAM table may affect the scheduling of PDCCH and downlink power control. 
Observation 2: CQI #1 is considered to be reserved for PDCCH transmission and downlink power control.
The removing of CQI entries should also consider the design of MCS table. In Rel-8, MCS entry of 
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{#0~#28} corresponds to the spectral efficiency and the interpolated spectrum efficiency of CQI {#2~#15}, with two overlapping spectrum efficiency for 
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#9 and#15. Since CQI #1 does not map to any of the entry in MCS table, by removing CQI {#1,#3,#5}, only the MCS entries near the SE of CQI #3, #5 can be removed in MCS table, i.e, 4 entries. By additionally removing the two overlapping entries of different modulation type, i.e. 
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#9 and#15, and one entry for highest spectrum efficiency of 64QAM, i.e, 
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#26, there are totally seven entries to be removed. However, eight entries are needed for 256QAM according to the conclusion of the last meeting. Thus removing CQI {#1, #3, #5} may bring challenge to the MCS table design. The removing of CQI entries {#2, #4, #6} would not have such issue, as described in section 3.
Proposal 1-1:
· Remove existing CQI entries {#2, #4, #6} 
2.2 Spectral efficiencies of 256QAM entries
It was agreed that the switching point of 64QAM and 256QAM is CQI 15 in the existing table and the last 4 entries in the new CQI table should be used for 256QAM, but the actual SE is FFS. In Rel-8 MCS/TBS table, 
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{#27, #28} and 
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{#25, #26} are designed targeting the spectrum efficiency of CQI #14.5 and #15, i.e, 5.335, 5.5547. It is believed that the 
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 for the legacy modulation types should not be changed with the introduction of 256QAM. When the modulation type of existing CQI 15 is changed to 256QAM, it is desirable that the spectrum efficiency of this entry is not changed so that the spectrum efficiency and the corresponding TBS value for 
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#25 would not be changed, i.e SE=5.335.  
Meanwhile, the maximum efficiency of 256QAM can directly increase to 5.5547×8/6 = 7.4063 [1]. 

The medium CQI entries for 256QAM could be determined using an equal step size in equivalent spectral efficiency between 5.5547 and 7.4063 since the curve of efficiency vs. SNR is almost linear in previous evaluation [1].

Table 1 shows the proposed spectral efficiencies of 256QAM entries and the corresponding required SNRs at 10% BLER. It is observed that the SNR gap between the neighbor 256QAM entries is about 2 dB.
Table 1: Proposed SEs of 256QAM entries and the required SNRs 
	CQI index
	Modulation
	Code rate × 1024
	efficiency
	SNR(dB) at 10% BLER

	12
	256QAM
	711
	5.5547
	19.60

	13
	256QAM
	790
	6.1719
	21.25

	14
	256QAM
	869
	6.7891
	23.01

	15
	256QAM
	948
	7.4063
	25.25


Proposal 1-2:
· SE value of the existing CQI #15 (i.e., 5.5547) is maintained to avoid impact on 
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#25
· SE value of the highest 256QAM entry is 5.5547×8/6 = 7.4063
The proposed CQI table is given in Table 2 in Appendix.

3 MCS table design
As analyzed in [3], the position of MCS table should be ordered according to the spectral efficiencies. This method follows the philosophy of the current MCS table design and the support during the RRC reconfiguration period should be sufficient with legacy table scheduled by DCI format 1A. 
According to the proposal in section 2.1, CQI indices {#2, #4, #6} are removed, thus MCS entries {
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#1, #3, #5, #7, #9, #10}, which are determined by linear interpolation of CQI {#2, #4, #6}, should be removed. Moreover, the previous MCS entry corresponding to 
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#26 (
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#28) needs to be removed since the modulation type has been changed to 256QAM and the previous TBS value is no longer applicable. Therefore 7 MCS entries {
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#1, #3, #5, #7, #9, #10, and #28} can be removed.

In last RAN1 meeting, it was agreed to add 7 MCS entries for 256QAM and one MCS entry for 256QAM retransmission, which indicated 8 new MCS entries for 256QAM should be introduced. As proposed in [3], removing the entries with overlapping spectral efficiency of different modulations can be considered if there are not enough entries for 256QAM. It is therefore proposed to remove the overlapping spectral efficiency between 16QAM and 64QAM, e.g., 
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#17, to leave one additional entry for the new MCS table design.
Proposal 2:
· The position of MCS table is ordered by spectral efficiency 
· 8 entries in the existing MCS table should be removed for 256QAM MCS table design

· Remove 6 MCS entries (i.e., 
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 #1, 3, 5, 7, 9, 10) which are interpolated by CQI {#2, #4, #6}
· Remove the MCS entries for overlapping SE (i.e., 
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 #17) 
· Remove the MCS entry corresponding to CQI #15 (i.e., 
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 #28)
The removed MCS entries are marked in yellow in Table 3 and the proposed MCS table for 256QAM is given in Table 4 in Appendix.

4 Conclusions

This contribution discusses the remaining details of CQI/MCS table design for 256QAM. The proposals are summarized as follows. 
Proposal:

· Confirm the working assumptions for CQI and MCS table 

Proposal 1:
· Remove existing CQI entries {#2, #4, #6}  
· SE value of the existing CQI #15 (i.e., 5.5547) is maintained to reduce impact on MCS/TBS tables
· SE value of the highest 256QAM entry is 5.5547×8/6 = 7.4063
Proposal 2: 
· The position of MCS table is ordered by spectral efficiency 
· 8 entries in the existing MCS table should be removed for 256QAM MCS table design
· Remove 6 MCS entries (i.e., 
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 #1, 3, 5, 7, 9, 10) which are interpolated by CQI {#2, #4, #6}
· Remove the MCS entries for overlapping SE (i.e., 
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 #17) 
· Remove the MCS entry corresponding to CQI #15 (i.e., 
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 #28)
The proposed CQI and MCS tables for 256QAM are provided in Table 2 and Table 4 in Appendix.
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Table 2: Proposed 4-bit CQI table for 256QAM
	CQI index
	CQI index in current table
	Modulation
	Code rate x 1024
	Efficiency

	0
	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
	15
	256QAM
	711
	5.5547

	13
	-
	256QAM
	790
	6.1719

	14
	-
	256QAM
	869
	6.7891

	15
	-
	256QAM
	948
	7.4063


Table 3: Map of current MCS/TBS entries to CQI index

	MCS Index
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	Modulation Order
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	TBS Index
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	CQI index
	Spectral efficiency

	0
	2
	0
	2
	0.2344

	1
	2
	1
	
	0.3057

	2
	2
	2
	3
	0.3770

	3
	2
	3
	
	0.4893

	4
	2
	4
	4
	0.6016

	5
	2
	5
	
	0.7393

	6
	2
	6
	5
	0.8770

	7
	2
	7
	
	1.0264

	8
	2
	8
	6
	1.1758

	9
	2
	9
	
	1.3262

	10
	4
	9
	
	1.3262

	11
	4
	10
	7
	1.4766

	12
	4
	11
	
	1.69535

	13
	4
	12
	8
	1.9141

	14
	4
	13
	
	2.1602

	15
	4
	14
	9
	2.4063

	16
	4
	15
	
	2.5684

	17
	6
	15
	
	2.5684

	18
	6
	16
	10
	2.7305

	19
	6
	17
	
	3.0264

	20
	6
	18
	11
	3.3223

	21
	6
	19
	
	3.6123

	22
	6
	20
	12
	3.9023

	23
	6
	21
	
	4.21285

	24
	6
	22
	13
	4.5234

	25
	6
	23
	
	4.8193

	26
	6
	24
	14
	5.1152

	27
	6
	25
	
	5.33495

	28
	6
	26
	15
	5.5547

	29
	2
	reserved
	
	

	30
	4
	
	
	

	31
	6
	
	
	


Table 4: Proposed 5-bit MCS table for 256QAM 
	MCS Index
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	MCS Index
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 in current table
	Modulation Order
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	TBS Index
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	Spectral efficiency

	0
	0
	2
	0
	0.2344

	1
	2
	2
	2
	0.3770

	2
	4
	2
	4
	0.6016

	3
	6
	2
	6
	0.8770

	4
	8
	2
	8
	1.1758

	5
	11
	4
	10
	1.4766

	6
	12
	4
	11
	1.69535

	7
	13
	4
	12
	1.9141

	8
	14
	4
	13
	2.1602

	9
	15
	4
	14
	2.4063

	10
	16
	4
	15
	2.5684

	11
	18
	6
	16
	2.7305

	12
	19
	6
	17
	3.0264

	13
	20
	6
	18
	3.3223

	14
	21
	6
	19
	3.6123

	15
	22
	6
	20
	3.9023

	16
	23
	6
	21
	4.21285

	17
	24
	6
	22
	4.5234

	18
	25
	6
	23
	4.8193

	19
	26
	6
	24
	5.1152

	20
	27
	6
	25
	5.33495

	21
	-
	8
	27
	5.5547

	22
	-
	8
	28
	5.8633

	23
	-
	8
	29
	6.1719

	24
	-
	8
	30
	6.4805

	25
	-
	8
	31
	6.7891

	26
	-
	8
	32
	7.0977

	27
	-
	8
	33
	7.4063

	28
	29
	2
	reserved
	-

	29
	30
	4
	
	-

	30
	31
	6
	
	-

	31
	-
	8
	
	-


_1272273280.unknown

_1452326932.unknown

_1459902073.unknown

_1448978901.unknown

_1448978902.unknown

_1448978903.unknown

_1272273310.unknown

_1272273083.unknown

