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In RAN plenary meeting #62, a new WI on small cell enhancements – physical layer aspects was approved and it was decided to introduce 256QAM in the downlink for small cells in Rel-12 according to below agreement quoted from [1]: 
· 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.
The standard impacts of introducing downlink 256QAM have been discussed and the physical layer aspects in RAN1 mainly include CQI/MCS/TBS table design. In this contribution, we provide our view on MCS table design to support downlink 256QAM. The CQI table design and TBS table design is discussed in our companion contribution [2] and [3].
[bookmark: _Ref346118000]Discussion
According to the WID [1], we keep the number of MCS indication bits to minimize the standard impacts, i.e., MCS table is designed with the same size as Rel-8 MCS table (32 entries). 
As discussed in [2], the design objectives for Rel-12 CQI/MCS/TBS tables supporting 256QAM should strive to minimize specification and UE implementation/cost impacts. A good design should aim at covering 256QAM efficiently and meanwhile, not compromising link adaptation performance for existing modulation schemes or RRC/VoIP robustness as in Rel-8.
Observation: 
· The design objectives for Rel-12 CQI/MCS/TBS tables supporting 256QAM should strive to minimize specification and UE implementation/cost impacts. The tables should cover 256QAM efficiently and not compromise link adaptation performance or RRC/VoIP robustness as in Rel-8.

Herein we provide the MCS table design taking into consideration of above design objectives. The proposed MCS table for 256QAM support is given in Table 1 in comparison with Rel-8 MCS table. The design principles/criteria are explained below for MCS entry design and reserved entry design separately.

[bookmark: _Ref378800175]Table 1: Rel-8 MCS table & Proposed MCS table for 256QAM support
	(a) Rel-8 PDSCH MCS Table
	
	(b) Proposed PDSCH MCS Table
for 256QAM support

	
	
	

	MCS
	Mod
	TBS
	Target
r×1024
	
	MCS
	Mod
	TBS
	Target
r×1024

	0
	2
	0
	120
	
	0
	2
	0
	120

	1
	2
	1
	157
	
	
	
	
	

	2
	2
	2
	193
	
	1
	2
	2
	193

	3
	2
	3
	251
	
	
	
	
	

	4
	2
	4
	308
	
	2
	2
	4
	308

	5
	2
	5
	379
	
	
	
	
	

	6
	2
	6
	449
	
	3
	2
	6
	449

	7
	2
	7
	526
	
	
	
	
	

	8
	2
	8
	602
	
	4
	2
	8
	602

	9
	2
	9
	679
	
	
	
	
	

	10
	4
	9
	340
	
	5
	4
	9
	340

	11
	4
	10
	378
	
	6
	4
	10
	378

	12
	4
	11
	434
	
	7
	4
	11
	434

	13
	4
	12
	490
	
	8
	4
	12
	490

	14
	4
	13
	553
	
	9
	4
	13
	553

	15
	4
	14
	616
	
	10
	4
	14
	616

	16
	4
	15
	658
	
	11
	4
	15
	658

	17
	6
	15
	438
	
	12
	6
	15
	438

	18
	6
	16
	466
	
	13
	6
	16
	466

	19
	6
	17
	517
	
	14
	6
	17
	517

	20
	6
	18
	567
	
	15
	6
	18
	567

	21
	6
	19
	616
	
	16
	6
	19
	616

	22
	6
	20
	666
	
	17
	6
	20
	666

	23
	6
	21
	719
	
	18
	6
	21
	719

	24
	6
	22
	772
	
	19
	6
	22
	772

	25
	6
	23
	822
	
	20
	6
	23
	822

	26
	6
	24
	873
	
	21
	8
	23
	617

	27
	6
	25
	910
	
	22
	8
	24
	655

	28
	6
	26
	1054
	
	23
	8
	27
	711

	
	
	
	
	
	24
	8
	28
	765

	
	
	
	
	
	25
	8
	29
	817

	
	
	
	
	
	26
	8
	30
	865

	
	
	
	
	
	27
	8
	31
	911

	
	
	
	
	
	28
	8
	32
	950

	29
	2
	reserved
	
	
	29
	mod↑
	reserved
	

	30
	4
	
	
	
	30
	same
	
	

	31
	6
	
	
	
	31
	mod↓
	
	



MCS entry design
For MCS entries in the new table, the low SINR region is down-sampled to create spare MCS entries for 256QAM. In the QPSK region, MCS 0, 3, 6 and 9 are reserved, equivalent to 2dB sampling space. It should be noted that TBS 0, i.e. the first entry in Rel-8 MCS table, is kept to maintain the same RRC/VoIP robustness as Rel-8, as well as matching CQI table design discussed in [2]. 
The entries for medium SNR region from Rel-8 MCS table are kept for good resolution in the new MCS table. All the 16QAM entries and the majority part of 64QAM entries are kept, i.e., MCS 10-25 are unchanged in the new table.
In the high SNR region, 8 entries for 256QAM are obtained by sampling with equal spacing. It should be noted that MCS 25 rate is available as both 64QAM and 256QAM and MCS 26 is modified to be 256QAM with same spectral efficiency and extra 7 entries for 256QAM are added, of which six new entries contain six new TBS indices 27-32 in the MCS table. The new TBS indices correspond to six new TBS rows with new TBS values (across all possible bandwidths) that are required to attach to the current TBS table. The detailed design on TBS table is further discussed in another contribution [3]. The spectral efficiencies for 28 MCS entries in the new MCS table are shown in Figure 1 and the sample spacing is marked at the right side. 
It can be seen that the majority entries of Rel-8 MCS table are kept. A larger SNR region is covered with good resolution especially in medium and high SNR region. With enough MCS in the low SNR region, the VoIP and RRC robustness is guaranteed. This MCS table is also very well matched with CQI table proposed in [2].
[image: ]
[bookmark: _Ref378866757]Figure 1 Spectral efficiency for MCS entries in new MCS table
Reserved entry design
As in the Rel-8 MCS table, the new MCS table has 28 MCS entries and 3 reserved entries for re-transmission. With 256QAM introduced, the retransmission procedure may use one of the four modulation schemes. As shown in Table 1, an offset mechanism is introduced to adjust the modulation scheme adopted in retransmissions. There can be 2 alternatives that can be considered for the reserved entries:
Alternative 1:
· Index 29 indicates that retransmission should use the next higher modulation than original transmission. For example, 16QAM should be used if QPSK was used in the original transmission. 
· Index 30 indicates that retransmission should use the same modulation scheme as in original transmission. 
· Index 31 indicates that retransmission should use the next lower modulation scheme than original transmission. For example, QPSK should be used if 16QAM was used in the original transmission.
Alternative 2:
· If QPSK or 16QAM, or 64QAM is the original modulation order, the original Rel-8 design is applied, i.e., index 29, 30, 31 means QPSK, 16QAM and 64QAM to be used respectively as the modulation order for retransmission; if 256QAM is the original modulation order, index 29, 30, 31 means 16QAM, 64QAM and 256QAM, respectively. 
[bookmark: _Ref378672210]
VoIP support
LTE is a wireless packet data communication system. To support voice applications, voice over internet protocol (VoIP) technology is deployed. The voice encoded packets have a range of transport sizes that have been specifically designed and supported in LTE. These transport block size are shown in Table 2 in bold face and red color.
[bookmark: _Ref378855068]Table 2: Rel-8 VoIP TBS
	

	


	
	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



As for MCS table design, it is important that the new table can support many of the special TBS. With the proposed MCS table in Table 1 (b), it can be observed that all the special VoIP sizes can still be supported (i.e., the remaining rows without grey shading). Therefore, the proposed MCS table has a good support for VoIP TBS as well.
Simulation results
Link level simulation has been performed using the new CQI table proposed in [2] and MCS table in this contribution. The achievable spectral efficiency for different MCS with 10% BLER target is shown in Figure 2 for both AWGN channel and EVA channel. It can be seen that the equidistant sampling is adopted well for each modulation order. The new MCS samples provide good resolution in medium and high SNR region, while at the same time keeping the robustness for low SNR region. It can be observed that the cross-overs between modulation orders are well designed to support both flat channels and dispersive channels.
[bookmark: _Ref378842770][image: ][image: ]
[bookmark: _Ref378923514]Figure 2 Link level simulations using new CQI/MCS table (BLER 0.1)

Based on above discussions and link level results, we believe Table 1 (b) is a good candidate of MCS table for DL 256QAM support in Rel-12. Meanwhile, we make below proposals.
Proposal: 
· Keep 28 MCS entries and 3 reserved entries for re-transmission with an offset mechanism to adjust the modulation scheme adopted in retransmissions.
· Retain TBS 0 in Rel-8 MCS table for RRC/VoIP robustness.
· Down-sample the lower SINR region to create spare MCS entries for the 256QAM region.
· New MCS table should provide good support and robust for VoIP TBS.
Conclusions
In this contribution, we discussed MCS table design for supporting 256QAM in small cell scenarios, and made the following observations and proposals: 
Observations:
· The design objectives for Rel-12 CQI/MCS/TBS tables supporting 256QAM should strive to minimize specification and UE implementation/cost impacts. The tables should cover 256QAM efficiently and not compromise link adaptation performance or RRC/VoIP robustness as in Rel-8.
Proposals: 
· Keep 28 MCS entries and 3 reserved entries for re-transmission with an offset mechanism to adjust the modulation scheme adopted in retransmissions.
· Retain TBS 0 in Rel-8 MCS table for RRC/VoIP robustness.
· Down-sample the lower SINR region to create spare MCS entries for the 256QAM region.
· New MCS table should provide good and robust support for VoIP TBS.
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