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1. Introduction

In RAN1 #76, the following agreements were made for the introduction of higher order modulation and to provide further guidance and design principles for CQI and TBS tables.  In this paper, we provide our views with respect to the design of CQI/MCS/TBS tables and discuss specification impacts of corresponding design associated with higher order modulation. 

· CQI table

· Support SE in the entire range from X1 bps/Hz to X2 bps/Hz
· Down-sample low CQI entries by removing Y1 entries, and add Y1 new entries for 256QAM region with even spacing
· Note: One company (Panasonic) express a concern that test and implied spec change is unnecessary high

· CQI  #0 to be equaled to out of range

· Switching point of 64QAM and 256QAM should be CQI Z (Z=14 or 15 in the existing table)

· FFS the positions of the CQI entries in the Rel-12 CQI table – to be decided between the following two options
· Option1: order the CQI indices according to the spectral efficiencies]
· Option2: keep the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table
· Modulation and TBS index table

· Definition of N (N=3 or 4) reserved entries for adaptive retransmission 

· Modulation and TBS table design should provide the support of all the VoIP TBS at least for Format 1A, FFS for Format 2x
· The need of overlapping spectral efficiency of different modulations is  FFS
· FFS the position of Modulation and TBS entries in the Rel-12 Modulation and TBS table
· TBS table

· Reuse as many as possible of current TBS entries with up to around [2%] average padding aligned with Rel-10 design
· Define overhead assumption(s) (REs/PRB) for PDSCH 

· Working assumption: Use [120 REs] per PRB for all new spectral efficiencies except for the highest spectral efficiency

· FFS: Overhead assumption for the highest spectral efficiency
· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment
· Use of 256QAM MCS/CQI table can be configured for each configured CC

· 256QAM is supported for all TMs
· Working assumption: 256QAM is supported at least for all DCI formats except for DCI format 1A and 1C, and FFS for DCI format 1A

· In TM10
· FFS: Use of 256QAM MCS table can be configured for the parameter set linked to each PQI field in DCI format 2D
· FFS: Use of 256QAM CQI table can configured for each CSI process
2. CQI Table Design
The design principle for the existing CQI table has assumed an approximately equal step size in SNR with a spacing of 1.892dB and targeted at 10% BLER with AWGN channel. The SNR range of the existing CQI table is [-7, 19.488]dB. For a new CQI table supporting 256QAM, the same design principle should be re-used from our point view to determine code rates and spectral efficiencies for 256QAM in order to mitigate eNB and UE implementation cost. Therefore the open question is about what maximal spectral efficiency shall be supported for the 256QAM CQI table. It seems that most companies prefer to extend the SNR range of higher order modulation to around 25dB. Therefore at most three SNR steps can be added and CQI entries #13-#15 shall target at 21.38dB, 23.272dB and 25.164dB SNR respectively with 10% BLER under AWGN channel. 
The switching point can be either CQI #14 or CQI #15 depending on the achievable spectral efficiency of 64QAM and 256QAM at SNR 17.586dB and SNR 19.488dB.  Assuming that the switching point is CQI15, an example of 256QAM CQI table is given in Table 2. 

          Table 1: Existing CQI Table                                             Table 2: Proposed CQI Table

	CQI index
	modulation
	code rate 
	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

	CQI index
	modulation
	code rate 
	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
	
	X1

	13
	256QAM
	
	X2

	14
	256QAM
	
	X3

	15
	256QAM
	
	X4


Note: Red entries in existing CQI table are removed; Green entries are preserved in both existing and 256QAM CQI tables; Violet entries are added into 256QAM CQI table;

Proposal 1: CQI #12, #13, #14 and #15 in 256QAM CQI table shall target spectral efficiencies X1, X2, X3 and X4 which give 10%BLER with AWGN channel at SNR 19.488dB, 21.38dB, 23.272dB and 25.164dB respectively. 

It may be beneficial to keep all 16QAM and 64QAM entries to maximize the quantization granularity for medium and high SNR ranges, since these SNR ranges are more likely to be relevant when 256QAM is configured.  Therefore it is preferred that only QPSK entries are down sampled by removing three QPSK entries. On the other hand, it is also preferred to preserve CQI #1 to maintain the same lowest SNR level for PDCCH and power control even though the UE may experience good channel condition. 
Proposal 2: CQI #2, #4 and #6 in existing CQI table can be removed.
When an additional TBS table is introduced to incorporate 256QAM, the UE will receive RRC Connection Reconfiguration signaling to switch to the new TBS table.  After the UE acknowledges the RRC Connection Reconfiguration signaling, the UE will apply the new CQI table. The network would consider the time of receiving RRC Connection Reconfiguration Complete message as the time of applying the new CQI table by the UE. Therefore there is no problematic ambiguity during TBS table switching through RRC Connection Reconfiguration message. Therefore there is no strong motivation to keep the CQI indices the same for the common CQIs between legacy CQI table and 256QAM CQI table. Besides, differential CQI reporting will be much easier for both specification and implementation if the CQI indices are sorted by the spectral efficiencies. 
Proposal 3: The CQI indices in 256QAM CQI table shall be ordered according to the spectral efficiency. 
In summary, the example of 256QAM CQI table provided in Table 2 can preserve 12 entries of legacy CQI table, maintain the constant SNR granularity and linearity for medium/high SNR, and down sample the QPSK entries linearly for low SNR with a doubled SNR granularity.  

3. MCS Table Design

To support retransmissions for four modulations in a simple way, four MCS entries from MCS #28-#31 are preserved in 256QAM MCS table. Moreover to align with CQI table design shown in Table 2, seven MCS entries #21-27 corresponding to 256QAM shall be added, where MCS #21 corresponds to the 64QAM/256QAM switching point (X1), MCS #29,#31,#33 correspond to 256QAM CQI values (X2, X3, X4),  and MCS #28,#30,#32 correspond to interpolated values between CQIs. 

The design of the MCS table will be similar with the design of CQI table by removing low MCS indices. After removing six interpolated MCS entries and also removing the first MCS entry, MCS table for 256QAM is proposed and given in Table 3. 

Table 3: Proposed MCS Table

	MCS Index
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	Existing 

TBS Index 
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	Existing 

Spectral Efficiency
	New

Modulation Order
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	New

TBS Index 
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	New

Spectral Efficiency

	0
	2 (CQI 2)
	0
	0.2344
	2 (CQI 2)
	2
	0.3770

	1
	2
	1
	Interpolate
	2
	4
	0.6016

	2
	2 (CQI 3)
	2
	0.3770
	2 (CQI 3)
	6
	0.8770

	3
	2
	3
	Interpolate
	2 
	8
	1.1758

	4
	2 (CQI 4)
	4
	0.6016
	4 (CQI 4)
	10
	1.4766

	5
	2
	5
	Interpolate
	4 
	11
	Interpolate

	6
	2 (CQI 5)
	6
	0.8770
	4 (CQI 5)
	12
	1.9141

	7
	2
	7
	Interpolate
	4 
	13
	Interpolate

	8
	2 (CQI 6)
	8
	1.1758
	4 (CQI 6)
	14
	2.4063

	9
	2
	9
	Interpolate
	4 
	15
	Interpolate

	10
	4 
	9
	Interpolate
	6
	15
	Interpolate

	11
	4 (CQI 7)
	10
	1.4766
	6 (CQI 7)
	16
	2.7305

	12
	4 
	11
	Interpolate
	6
	17
	Interpolate

	13
	4 (CQI 8)
	12
	1.9141
	6 (CQI 8)
	18
	3.3223

	14
	4 
	13
	Interpolate
	6
	19
	Interpolate

	15
	4 (CQI 9)
	14
	2.4063
	6 (CQI 9)
	20
	3.9023

	16
	4 
	15
	Interpolate
	6
	21
	Interpolate

	17
	6
	15
	Interpolate
	6 (CQI 10)
	22
	4.5234

	18
	6 (CQI 10)
	16
	2.7305
	6
	23
	Interpolate

	19
	6
	17
	Interpolate
	6 (CQI 11)
	24
	5.1152

	20
	6 (CQI 11)
	18
	3.3223
	6
	25
	Interpolate

	21
	6
	19
	Interpolate
	8 (CQI 12)
	27
	X1

	22
	6 (CQI 12)
	20
	3.9023
	8
	28
	Interpolate

	23
	6
	21
	Interpolate
	8 (CQI 13)
	29
	X2

	24
	6 (CQI 13)
	22
	4.5234
	8
	30
	Interpolate

	25
	6
	23
	Interpolate
	8 (CQI 14)
	31
	X3

	26
	6 (CQI 14)
	24
	5.1152
	8
	32
	Interpolate

	27
	6
	25
	Interpolate
	8 (CQI 15)
	33
	X4

	28
	6 (CQI 15)
	26
	5.5547
	2
	reserved
	

	29
	2
	reserved
	
	4
	reserved
	

	30
	4
	
	
	6
	reserved
	

	31
	6
	
	
	8
	reserved
	


Note: Red entries in existing MCS table are removed; Green entries are preserved in both existing and 256QAM MCS tables; Violet entries are added into 256QAM MCS table;

Within the new MCS table, it is shown that 
· Existing 16QAM and 64QAM related MCS (MCS #11-#27) are preserved with the same order; 

· The new MCS table starts from the spectral efficiency of 0.3770 which corresponds to CQI #3 in existing CQI table but CQI #2 in new 256QAM CQI table. It means that PDSCH with 256QAM MCS/TBS table targets at a slightly higher starting SNR point than existing CQI table, since the UEs configured with 256QAM CQI/MCS tables should experience better channel conditions than UEs configured with the legacy CQI/MCS tables.

· After removing low MCS entries, MCSs between #0-#4 in the new table correspond to CQI #2-#7 in existing CQI table and CQI #2-#4 in the new CQI table.  The property of equal-spacing in SNR for MCS/TBS table is preserved with a larger SNR granularity of approximately 2dB for a low SNR range.  

· MCSs between #5-#27 in the new table have a finer SNR granularity of about 1dB, similar to the legacy MCS table. They are also equally spaced and optimized for medium and high SNR ranges. 

· Except for 7 highest MCS entries introduced for 256QAM, all other MCS are a part of legacy table. 

Proposal 4:   Adopt Table 3 for 256QAM MCS/TBS table design
4. Other Specification Details 

4.1
Support of 256QAM with DCI format 1A

It seems to be more reasonable to assume that DCI format 1A is associated with legacy MCS/TBS table. As a fallback transmission mode, the highest priority is to ensure that transmission is robust, regardless of whether the propagation channel may be still good enough for 256QAM. Moreover, all VoIP TBS for format 1A can be well supported if format 1A is always associated with legacy MCS/TBS tables. It can also reduce the implementation complexity since other DCI formats 2x have better capability to provide high data-rate and high SE with 256QAM as long as the channel condition is sufficiently good. 
Proposal 5:  DCI format 1A does not support 256QAM and shall be associated with legacy TBS/MSC tables only.
Table 4: VoIP TBS
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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


Based on Table 3, it can found that VoIP TBSs can still be well supported by DCI Format 2x.  All special VoIP TBSs can be supported by different combinations of TBS and PRB size. Especially, the entry of TBS #6 which has been optimized for VoIP with single PRB is preserved.  

Observation: VoIP can be well supported by Format 1A with legacy MCS/TBS table and by Format 2x with proposed MCS/TBS table 3. 
 4.2
Configuration in TM10

The difference between the legacy CQI table and the 256QAM CQI table is 3 new CQI entries targeting at higher SNR and spectral efficiency. These three new entries enable a sliding window of switching about 6dB. On the other hand, the channel conditions between different transmission points and a UE can be quite different. It is likely that a UE served by a small cell may observe a good channel condition to support 256QAM. But at the same time it may observe a bad channel condition from macro cell. During the CoMP WI, it was found that there are a large percentage of UEs, e.g. 30%, which can observe 2 transmission points within a 6dB threshold with respect to the serving cell’s RSRP. Therefore it seems to be reasonable to configure the 256QAM CQI table per CSI process.  Whether the CQI table shall be configured per subframe set by higher layers may be FFS.  
Proposal 6: 256QAM CQI table can be configured per CC per CSI process by higher layers, FFS per subframe set.
The use of 256QAM MCS table can only operate in noise-limited environments not interference limited environments. Therefore there is no strong motivation to support DPS with TM10 since DPS is beneficial typically for an interference limited environment.  Dynamic indication of TP associated with 256QAM MCS tables is not very practical.  

Proposal 7: The use of legacy MCS or 256QAM MCS table can be configured by higher layer signalling but not in PQI field of DCI format 2D.
4.3
The maximal transmission layers for 256QAM
Since 256QAM is designed to support high peak data rates, there should be no restriction on the number of layers supported with 256QAM from a L1 specification point of view, depending on the UE’s MIMO capability. Hence if the UE supports 8 layers, it should be possible to apply 256QAM on all 8 layers. 

Proposal 8: Depending on UE’s MIMO capability, 256QAM can support up to 8 transmission layers.
 4.4
New UE category
At least one new UE category should be specified for support of 256QAM. It needs to be decided whether multiple new UE categories are in fact needed, supporting different numbers of component carriers and/or MIMO layers. 
Proposal 9: at least one new UE category should be specified for 256QAM. 

5. Conclusions

In this contribution, we proposed CQI/MCS/TBS tables for 256QAM and motivations of design related to tables. Moreover we analyzed some specification impact related to the introduction of 256QAM. In summary, we make the following proposals: 

· Proposal 1: CQI #12, #13, #14 and #15 in 256QAM CQI table shall target spectral efficiencies X1, X2, X3 and X4 which give 10%BLER with AWGN channel at SNR 19.488dB, 21.38dB, 23.272dB and 25.164dB respectively. 

· Proposal 2: CQI #2, #4 and #6 in existing CQI table can be removed.

· Proposal 3: The CQI indices in 256QAM CQI table shall be ordered according to the spectral efficiency. 

· Proposal 4:   Adopt Table 3 for 256QAM MCS/TBS table design

· Proposal 5:  DCI format 1A does not support 256QAM and shall be associated with legacy TBS/MSC tables only.
· Observation: VoIP can be well supported by Format 1A with legacy MCS/TBS table and by Format 2x with proposed MCS/TBS table 3. 

· Proposal 6: 256QAM CQI table can be configured per CC per CSI process by higher layers, FFS per subframe set.
· Proposal 7: The use of legacy MCS or 256QAM MCS table can be configured by higher layer signalling but not in PQI field of DCI format 2D.
· Proposal 8: Depending on UE’s MIMO capability, 256QAM can support up to 8 transmission layers.

· Proposal 9: at least one new UE category should be specified for 256QAM. 
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