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[bookmark: _Ref301342314]Introduction
In RAN1 #82, it was agreed to introduce new maximum TBSs for at least Rel-12 UEs configured with TMs 9/10 since the overhead can be high with 4/8 CSI-RS antenna ports under such configurations.
Agreements:
· Introduce new maximum TBSs assuming fewer number of available REs, e.g., 120 REs  per PRB, for at least Rel-12 UEs configured with TMs 9/10
· Note that both 64QAM and 256QAM to be considered
· Companies are encouraged to provide the exact maximum TBS values and solutions to RAN1#82bis
In this contribution, we provide the TBS design in accordance to the agreements. Three design options are discussed and one is proposed.
Rel-12 TBS table design
Up to Rel-12, the maximum TBSs for 64QAM and 256QAM are designed based on lower overhead assumption than other TBS rows, i.e., 136 REs/RB is assumed for last TBS rows to achieve higher peak data rate. As an example, the MCS entries for 256QAM in Rel-12 are shown in Table 1.
[bookmark: _Ref430269072]Table 1: MCS entries for 256QAM
	MCS
	Mod
	TBS
	Target
r×1024
	Spectral Efficiency

	21
	8
	27
	711
	5.5547

	22
	8
	28
	754
	5.8906

	23
	8
	29
	797
	6.2266

	24
	8
	30
	841
	6.5703

	25
	8
	31
	885
	6.9141

	26
	8
	32
	916.5
	7.1602

	27
	8
	33
	948*
	7.4063*


* based on 136 available REs.

Following TBS table is agreed to be supported for 256QAM in Rel-12 for single-layer to multi-layer mapping.
[image: ]
As specified in TS 36.213, the Rel-12 UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.931. The higher code rate threshold of 0.931 is designed to enable higher code rates in multi-layer transmissions. TBS design for single-layer transmissions should still target below 0.930 to ensure no new problems for multi-layer transmissions.
New TBS table design for TM9/10 Option 1
In [1], it is proposed:
· Target coding rate
· Under the above overhead assumption, the coding rate should be below 1. On the other hand, it is not so important for the highest TBS values to satisfy the coding rate of lower than 0.93 since the highest TBS is chosen targeting mainly the peak data rate rather than the practical usage case. Thus, the TBS values that achieve the coding rate very close to 1 could be considered.
The designs in this section follow the above proposal.
· No new TBS row is designed for 64QAM.
· One new TBS row is designed for 256QAM.
· No new TBS is introduced.
New TBS table design for 64QAM
It is noted that 711*8/6 = 948. That is, the TBS for TM9/10 with 64QAM and target code rate of 948/1024 are identical to those for 256QAM with target code rate of 711/1024. Therefore, these TBS can be re-used and there is no need to introduce a new TBS row for TM9/10 with 64QAM, i.e. TBS row 27 can be re-used as the last row of 64QAM with the assumption of 120 REs/RB. 
Table 2 TBS table design for 64QAM option 1
	MCS
	Mod
	TBS
	Target
r×1024
	Spectral Efficiency

	28A
	6
	27
	948
	7.4063


New TBS table design for 256QAM
With the assumption of 120 REs/RB, a new TBS row is designed for 256QAM without introducing any new TBS as given in Table 4.
Table 3 MCS table design for 256QAM option 1
	MCS
	Mod
	TBS
	Target
r×1024
	Spectral Efficiency

	27A
	8
	34
	948
	7.4063



[bookmark: _Ref430269850]Table 4 TBS row design for 256QAM option 1
	872
	1736
	2664
	3496
	4392
	5352
	6200
	6968
	7992
	8760

	9528
	10680
	11448
	12216
	12960
	14112
	15264
	15840
	16992
	17568

	18336
	19080
	20616
	21384
	22152
	22920
	23688
	24496
	25456
	26416

	27376
	28336
	29296
	30576
	30576
	31704
	32856
	34008
	34008
	35160

	36696
	36696
	37888
	39232
	39232
	40576
	42368
	42368
	43816
	43816

	45352
	45352
	46888
	46888
	48936
	48936
	51024
	51024
	52752
	52752

	55056
	55056
	55056
	57336
	57336
	59256
	59256
	59256
	61664
	61664

	63776
	63776
	63776
	66592
	66592
	66592
	68808
	68808
	68808
	71112

	71112
	73712
	73712
	73712
	75376
	76208
	76208
	78704
	78704
	78704

	81176
	81176
	81176
	84760
	84760
	84760
	84760
	87936
	87936
	87936

	90816
	90816
	90816
	90816
	93800
	93800
	93800
	93800
	97896
	97896



Design performance
As shown in Figure 1, the actual code rates of these TBS are within ±2% of the target code rate aligned with the design principle since Rel-8. Some of code rates can exceed 0.930. Note further that, for the case of NPRB=100, the actual code rates for 64QAM and 256QAM are 0.9289 and 0.9200, respectively. That is, 64QAM and 256QAM peak rates of TM9/10 can be achieved using TBS=66592 and TBS=87936, respectively.
 [image: ][image: ]
[bookmark: _Ref378926567]Figure 1 Comparison of actual code rate and code rate inaccuracy in percentage.

New TBS table design for TM9/10 Option 2
In [1], it is proposed:
· Target coding rate
· Under the above overhead assumption, the coding rate should be below 1. On the other hand, it is not so important for the highest TBS values to satisfy the coding rate of lower than 0.93 since the highest TBS is chosen targeting mainly the peak data rate rather than the practical usage case. Thus, the TBS values that achieve the coding rate very close to 1 could be considered.
For the 64QAM TBS design, this proposal is followed, which allows reuse of an existing TBS row. For the 256QAM case, a new TBS row is designed with the actual code rates controlled to be below 0.930.
· No new TBS row is designed for 64QAM.
· One new TBS row is designed for 256QAM.
· No new TBS is introduced.
New TBS table design for 64QAM
Same as option 1, it is noted that the TBS for TM9/10 with 64QAM and target code rate of 948/1024 are identical to those for 256QAM with target code rate of 711/1024. Therefore, these TBS can be re-used and there is no need to introduce a new TBS row for TM9/10 with 64QAM, i.e. TBS row 27 can be re-used as the last row of 64QAM with the assumption of 120 REs/RB.
Table 5 TBS table design for 64QAM option 2
	MCS
	Mod
	TBS
	Target
r×1024
	Spectral Efficiency

	28A
	6
	27
	948
	7.4063



New TBS table design for 256QAM
With the assumption of 120 REs/RB and code rate below 0.930, a new TBS row is designed for 256QAM without introducing any new TBS as given in Table 7.
Table 6 MCS table design for 256QAM option 2
	MCS
	Mod
	TBS
	Target
r×1024
	Spectral Efficiency

	27A
	8
	34
	948
	7.4063



[bookmark: _Ref430270853]Table 7 TBS row design for 256QAM option 1
	840
	1736
	2600
	3496
	4392
	5160
	5992
	6968
	7736
	8760

	9528
	10296
	11448
	12216
	12960
	14112
	14688
	15840
	16416
	17568

	18336
	19080
	19848
	20616
	22152
	22920
	23688
	24496
	25456
	26416

	27376
	28336
	29296
	29296
	30576
	31704
	32856
	32856
	34008
	35160

	35160
	36696
	37888
	37888
	39232
	40576
	40576
	42368
	42368
	43816

	43816
	45352
	46888
	46888
	46888
	48936
	48936
	51024
	51024
	52752

	52752
	55056
	55056
	55056
	57336
	57336
	59256
	59256
	59256
	61664

	61664
	63776
	63776
	63776
	66592
	66592
	66592
	68808
	68808
	68808

	71112
	71112
	73712
	73712
	75376
	76208
	76208
	76208
	78704
	78704

	78704
	81176
	81176
	81176
	81176
	84760
	84760
	84760
	87936
	87936

	87936
	87936
	90816
	90816
	90816
	93800
	93800
	93800
	93800
	93800


Design performance
As shown in Figure 2, the actual code rates of the new 64QAM TBS are within ±2% of the target code rate. Some of code rates can exceed 0.930. Note further that, for the case of NPRB=100, the actual code rate is 0.9289. That is, peak rate of TM9/10 64QAM can be achieved using TBS=66592.
The code rates of the new 256QAM TBS are bound below 0.930.
[image: ] [image: ]
[bookmark: _Ref430015508]Figure 2 Comparison of actual code rate and code rate inaccuracy in percentage.
New TBS table design for TM9/10 Option 3
In this option, for both of the new 64QAM and 256QAM TBS, actual code rates are controlled to be below 0.930.
· One new TBS row is designed for 64QAM.
· One new TBS row is designed for 256QAM.
· No new TBS is introduced.
New TBS table design for 64QAM
With the assumption of 120 REs/RB and code rate below 0.930, a new TBS row is designed for 64QAM without introducing any new TBS as given in Table 9.
Table 8 TBS table design for 64QAM option 3
	MCS
	Mod
	TBS
	Target
r×1024
	Spectral Efficiency

	28A
	6
	34
	948
	7.4063



[bookmark: _Ref430347233][bookmark: _Ref430270675]Table 9 TBS row design for 64QAM option 3
	632
	1288
	1928
	2600
	3240
	3880
	4584
	5160
	5992
	6456

	7224 
	7736 
	8504 
	9144 
	9912
	10296
	11064
	11832
	12576
	12960

	13536
	14112
	15264
	15840
	16416
	16992
	17568
	18336
	19080
	19848

	20616
	20616
	21384
	22152
	22920
	23688
	24496
	24496
	25456
	26416

	26416
	27376
	28336
	29296
	29296
	30576
	30576
	31704
	31704
	32856

	32856
	34008
	35160
	35160
	35160
	36696
	37888
	37888
	39232
	39232

	40576
	40576
	40576
	42368
	42368
	43816
	43816
	43816
	45352
	45352

	46888
	46888
	46888
	48936
	48936
	48936
	51024
	51024
	51024
	52752

	52752
	52752
	55056
	55056
	55056
	55056
	57336
	57336
	59256
	59256

	59256
	59256
	61664
	61664
	61664
	63776
	63776
	63776
	63776
	66592

	66592
	66592
	66592
	68808
	68808
	68808
	71112
	71112
	71112
	71112


New TBS table design for 256QAM
With the assumption of 120 REs/RB and code rate below 0.930, a new TBS row is designed for 256QAM without introducing any new TBS as given in Table 11.
Table 10 MCS table design for 256QAM option 3
	MCS
	Mod
	TBS
	Target
r×1024
	Spectral Efficiency

	27A
	8
	35
	948
	7.4063



[bookmark: _Ref430271780]Table 11 TBS row design for 256QAM option 3
	840
	1736
	2600
	3496
	4392
	5160
	5992
	6968
	7736
	8760

	9528
	10296
	11448
	12216
	12960
	14112
	14688
	15840
	16416
	17568

	18336
	19080
	19848
	20616
	22152
	22920
	23688
	24496
	25456
	26416

	27376
	28336
	29296
	29296
	30576
	31704
	32856
	32856
	34008
	35160

	35160
	36696
	37888
	37888
	39232
	40576
	40576
	42368
	42368
	43816

	43816
	45352
	46888
	46888
	46888
	48936
	48936
	51024
	51024
	52752

	52752
	55056
	55056
	55056
	57336
	57336
	59256
	59256
	59256
	61664

	61664
	63776
	63776
	63776
	66592
	66592
	66592
	68808
	68808
	68808

	71112
	71112
	73712
	73712
	75376
	76208
	76208
	76208
	78704
	78704

	78704
	81176
	81176
	81176
	81176
	84760
	84760
	84760
	87936
	87936

	87936
	87936
	90816
	90816
	90816
	93800
	93800
	93800
	93800
	93800


Design performance
As shown in Figure 3, the code rates of the new TBS are bound below 0.930.
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[bookmark: _Ref430015769]Figure 3 Comparison of actual code rate and code rate inaccuracy in percentage.
TBS for multiple layer transmissions
Since no new TBS is introduced with all options, there is no need to design new multi-layer mapping for TM9/10 with 4/8 CSI-RS antenna ports. 
Configuration of new tables
In order to be backwards compatible, legacy UEs should continue using the old tables and new tables shall be configured by eNB only for the UEs with new capability. Hence, new UE capability should be introduced and the new tables should be configured by eNB via RRC signalling. 
Conclusions
In this contribution, we provide three design options of TBS for TM 9/10 with 4/8 CSI-RS antenna ports. Option 1 is the simplest design following same design principle as in Rel-8 to 12 for both 64QAM and 256QAM. With option 1, existing TBS row is used for 64QAM and one new TBS row is designed for 256QAM. The peak data rate can be guaranteed and no new TBS is introduced with all options. Therefore, we propose to adopt option 1.
Proposal: 
· Adopt option 1 for TM 9/10 with 4/8 CSI-RS antenna ports.
· Use RRC signaling for table configuration to ensure backwards compatibility.
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