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1 Background
The design of the transport block size (TBS) table for 3GPP LTE Rel-8 system can be traced back to [1]. The agreed design criteria are listed below:

· assuming 3 OS for control, 2 antennas, no sync signals, no PBCH, normal CP 
· supported MCS include those in CQI report 
· the MCS rate target vector accommodates flat & dispersive channels 
· TBS duplicated at transitions of modulations 
· 1 SE duplicated per modulation transition 
· Fill MCS tables for 110 RB allocations with TBS from a TBS superset.

· The TB sizes should be aligned with QPP sizes of the turbo code interleaver 
According to the principles, the overhead is 48 REs out of 168 REs per resource block pair.

In the TBS tables proposed in [2], 14 out of 15 CQI MCS values are directly used as the target effective coding rates for the designed TBS table. Two MCSs are defined in the overlap region (r=0.66 QPSK and r=0.33 16QAM) and (r=0.64 16QAM and r=0.42 64QAM). The remaining 13 MCS entries chosen as equally spaced between adjacent spectral efficiencies. The optimized TBS table with 184 distinct transport block size elements was proposed in [3] and then agreed in general in [4], keeping all design principles. Further corrections of the maximum TBS for all bandwidth, which set the maximum effective coding rate as 0.930 for all PRB pair numbers, were proposed in [5] and then agreed in [6].
Because of the overhead reduction of NCT, the effective coding rate of each MCS level in Rel-8 TBS table is decreased.  The effective coding rates and the modulation schemes of the MCSs in the modulation transition region are not matched any longer. And the maximum effective coding rate is far less than 0.930. In this contribution we consider the enhancements to the TBS table for NCT to help resolve the problems of MCS levels in the modulation transition regions and the highest MCS level.
2 TBS Table in Rel-12 NCT
New carrier type (NCT) was discussed in Rel-11. In the agreements, CRS cannot be used for demodulation. Further, a reduced-CRS with a periodicity of 5ms was agreed for time/frequency tracking. In NCT, with the absence of CRS, PDCCH will no longer be used for DCI transmission. As a result, for a general case, the overhead for one layer or two layers PDSCH transmission in one PRB pair is only 12 REs, which is the number of the REs occupied by DMRS. Compared with the legacy carrier (Rel-8 carrier), the number of REs available in one PRB pair for PDSCH transmission is increased from 120 to 156. A 30% boost of network throughput can be expected.

A consequence of this overhead reduction is that the effective coding rates of all the MCS levels are decreased 30%. An example of the decrease is shown in Table 1 for 20 PRB pairs. 
One observation is that the effective coding rates of the TBS used in Rel-12 NCT do not align with the CQI feedback granularity. The overlapped effective coding rate between QPSK modulation and 16QAM modulation, which is highlighted in yellow, is 0.50 instead of 0.66, and the overlapped effective coding rate between 16QAM modulation and 64QAM, which is highlighted in yellow, is also 0.50 instead of 0.64. As a result of this mismatch, MCS levels 10, 11, 17, 18 and 19, which are highlighted in blue, do not get the optimal modulation scheme. These mismatches between the effective coding rate and the modulation schemes will cause link level performance degradation and further impact the network throughput. The maximum effective coding rate is only 0.79, which is far below the target coding rate of 0.93.  
Table 1. Effective coding rate comparison between Rel-8 and Rel-12, 20 PRB pairs
	MCS Index
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*
	TBS**
	Effective coding rate, Rel-8
	Target coding rate[3]
	CQI efficiency feedback***
	Effective coding rate, Rel-12

	0
	2
	0
	536
	0.1167
	0.1172
	0.2344
	0.0897

	1
	2
	1
	712
	0.1533
	0.1533
	
	0.1179

	2
	2
	2
	872
	0.1867
	0.1885
	0.377
	0.1436

	3
	2
	3
	1160
	0.2467
	0.2451
	
	0.1897

	4
	2
	4
	1416
	0.3
	0.3008
	0.6016
	0.2308

	5
	2
	5
	1736
	0.3667
	0.3701
	
	0.2821

	6
	2
	6
	2088
	0.44
	0.4385
	0.877
	0.3385

	7
	2
	7
	2472
	0.52
	0.5137
	
	0.4

	8
	2
	8
	2792
	0.5867
	0.5879
	1.1758
	0.4513

	9
	2
	9
	3112
	0.6533
	0.6631
	
	0.5026

	10
	4
	9
	3112
	0.3267
	0.332
	
	0.2513

	11
	4
	10
	3496
	0.3667
	0.3691
	1.4766
	0.2821

	12
	4
	11
	4008
	0.42
	0.4238
	
	0.3231

	13
	4
	12
	4584
	0.48
	0.4785
	1.9141
	0.3692

	14
	4
	13
	5160
	0.54
	0.54
	
	0.4154

	15
	4
	14
	5736
	0.6
	0.6016
	2.4063
	0.4615

	16
	4
	15
	6200
	0.6533
	0.6426
	
	0.5026

	17
	6
	15
	6200
	0.4356
	0.4277
	
	0.335

	18
	6
	16
	6456
	0.4533
	0.4551
	2.7305
	0.3487

	19
	6
	17
	7224
	0.5067
	0.5049
	
	0.3897

	20
	6
	18
	7992
	0.56
	0.5537
	3.3223
	0.4308

	21
	6
	19
	8504
	0.5956
	0.6016
	
	0.4581

	22
	6
	20
	9144
	0.64
	0.6504
	3.9023
	0.4923

	23
	6
	21
	9912
	0.6933
	0.7021
	
	0.5333

	24
	6
	22
	10680
	0.7467
	0.7539
	4.5234
	0.5744

	25
	6
	23
	11448
	0.8
	0.8027
	
	0.6154

	26
	6
	24
	12216
	0.8533
	0.8525
	5.1152
	0.6564

	27
	6
	25
	12576
	0.88
	0.8887
	
	0.6769

	28
	6
	26
	14688
	1.0267
	0.9258
	5.5547
	0.7897

	29
	2
	reserved
	
	
	
	
	

	30
	4
	
	
	
	
	
	

	31
	6
	
	
	
	
	
	


Note: the columns with grey background are from specifications. 
*: 36.213 Table 7.1.7.1-1: Modulation and TBS index table for PDSCH.
**: 36.213 Table 7.1.7.2.1-1: Transport block size table, PRB Pair=20.
***: 36.213 Table 7.2.3-1: 4-bit CQI Table.

Observation 1: the effective coding rates of all the MCS levels are decreased by 30% in NCT because of the reduced overhead.  As a consequence, 5 MCS levels out of the total 29 MCS levels do not get the optimal modulation schemes. The maximum effective coding rate is much lower than 0.93.  
3 TBS optimization for NCT
Three TBS optimization methods are considered and discussed in the following subsections, including new TBS table for NCT, Rel-8 TBS table with adaptive MCS level selection and Rel-8 table with scaling factors.
3.1 Design new TBS Table Using Rel-8 Principles
One solution to address the previously mentioned problems is to design a new TBS table using all the principles except the overhead assumption. An example of 20 PRB pair TBS for all MCS levels is listed in Table 2 below, including Rel-8 TBS, new TBS for Rel-12 NCT, and the effective coding rates respectively. 
Table 2 – Rel-8 TBS table, Proposed TBS table for Rel-12 NCT, 20PRB pairs
	MCS Index

[image: image4.wmf]MCS

I

*
	Modulation Order

[image: image5.wmf]m

Q

*
	TBS Index

[image: image6.wmf]TBS

I

*
	TBS**
	Effective coding rate, Rel-8
	New TBS for Rel-12
	Effective coding rate, Rel-12

	0
	2
	0
	536
	0.1167
	712
	0.1179 

	1
	2
	1
	712
	0.1533
	936
	0.1538 

	2
	2
	2
	872
	0.1867
	1128
	0.1846 

	3
	2
	3
	1160
	0.2467
	1544
	0.2513 

	4
	2
	4
	1416
	0.3
	1864
	0.3026 

	5
	2
	5
	1736
	0.3667
	2280
	0.3692 

	6
	2
	6
	2088
	0.44
	2728
	0.4410 

	7
	2
	7
	2472
	0.52
	3240
	0.5231 

	8
	2
	8
	2792
	0.5867
	3624
	0.5846 

	9
	2
	9
	3112
	0.6533
	4008
	0.6462 

	10
	4
	9
	3112
	0.3267
	4008
	0.3231 

	11
	4
	10
	3496
	0.3667
	4584
	0.3692 

	12
	4
	11
	4008
	0.42
	5160
	0.4154 

	13
	4
	12
	4584
	0.48
	5992
	0.4821 

	14
	4
	13
	5160
	0.54
	6712
	0.5436 

	15
	4
	14
	5736
	0.6
	7480
	0.6051 

	16
	4
	15
	6200
	0.6533
	7992
	0.6462 

	17
	6
	15
	6200
	0.4356
	7992
	0.4308 

	18
	6
	16
	6456
	0.4533
	8504
	0.4581 

	19
	6
	17
	7224
	0.5067
	9528
	0.5128 

	20
	6
	18
	7992
	0.56
	10296
	0.5538 

	21
	6
	19
	8504
	0.5956
	11064
	0.5949 

	22
	6
	20
	9144
	0.64
	11832
	0.6359 

	23
	6
	21
	9912
	0.6933
	12960
	0.6974 

	24
	6
	22
	10680
	0.7467
	14112
	0.7590 

	25
	6
	23
	11448
	0.8
	14688
	0.7897 

	26
	6
	24
	12216
	0.8533
	15840
	0.8513 

	27
	6
	25
	12576
	0.88
	16416
	0.8821 

	28
	6
	26
	14688
	1.0267
	16992
	0.9128 

	29
	2
	reserved
	
	
	
	

	30
	4
	
	
	
	
	

	31
	6
	
	
	
	
	


All the TBS elements in the new table are selected from Rel-8 TBS table. The overlapping effective coding rates between QPSK/16QAM and 16QAM/64QAM are around 2/3, which provide the same behavior as Rel-8 TBS table. 30% throughput gain is obtained for each MCS levels 0-27. The maximum effective coding rate is 0.91, which reflects around 17% peak data rate gain compared with 0.79 from the Rel-8 in Table 1.

Figure 1 below shows the BLER performances of all MCS levels using Rel-8 TBS in legacy carrier and the proposed TBS in NCT.
[image: image7.png]BLER

BLER vs SNR, Red for Proposed TBS in NCT, Blue for Rel-8 TBS





Figure 1. BLER performances of 29 MCS Levels, Rel-8 TBS and Proposed TBS

Observation 2: using the proposed TBS, all MCS levels in NCT have the similar link level performance as in Rel-8.
3.2 Adaptive MCS level selection using Rel-8 TBS table
The second solution is by adaptive MCS level selection. It is an implementation scheme that reuses the legacy Rel-8 TBS table. This scheme relies on the scheduler to dynamically change the MCS levels according to UE’s CQI feedback and the data transmission overhead. There are two major drawbacks with this scheme. The first drawback is the limited peak data rate. Using Rel-8 TBS table in NCT, the maximum effective coding rate is only 0.79. Compared with 93%, a 17% peak data rate loss can be expected. The second drawback is the mismatch between the coding rate and the modulation scheme, which has been shown in Table 1. There are totally 5 MCS levels impacted, which is 21% of 29 MCS level. 
As an example Figure 2 below shows the link level performance degradation. In the proposed TBS table, TBS 3624 is mapped to MCS level 8 with the modulation scheme of QPSK. In Rel-8 TBS table, 3496 is mapped to MCS level 11with a modulation scheme of 16QAM. The proposed TBS table is 0.7dB better than Rel-8 table even though the TBS is larger.  
The link level performance degradation further impacts the network throughput. Figure 3 and Figure 4 below show the network throughput comparisons between the proposed TBS table for NCT and the legacy TBS for Rel-8. In SNR range 2.2dB to 3.6dB, the new table shows 15% gain. In SNR range 7.2dB to 9.8dB, the new table shows 10%-15% gain.
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Figure 2. BLER of TBS 3496 from Rel-8 table and TBS 3624 from proposed table.
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Figure 3. Network throughput of proposed TBS vs Rel-8 TBS, QPSK/16QAM modulation
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Figure 4. Network throughput of proposed TBS vs Rel-8 TBS, 16QAM/64QAM modulation
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Figure 5. Network throughput of proposed TBS vs Rel-8 TBS, peak data rate
The hard limitation in the high end SNR range if the Rel-8 TBS table is directly used in Rel.12 NCT is shown in Figure 5.  Besides the 17% peak data rate loss, there is no MCS level that can support the SNR range larger than 17.5 dB and only MCS level 28 that can support the SNR range larger than 15dB. Furthermore, the SNR gap between MCS level 27 and MCS level 28 is 2.5dB, which is too large for adaptive MCS selection.

Besides the peak data rate limitation and the performance degradation, adaptive MCS level selection will cause an extra complexity to the implementation of the adaptive MCS level selection algorithm considering the different overhead between NCT and Rel-8 systems.
Observation 3: the scheme of adaptive MCS level selection shows a 17% peak data rate loss compared to the maximum effective coding rate.  

Observation 4: the scheme of adaptive MCS level selection results in the mismatch between the effective coding rates and modulation schemes, which further causes link level performance degradation and 10%-15% network throughput loss in the modulation transition SNR range.
3.3 Multiplying by scaling factor
A scaling factor which is used for the special subframes in the frame structure type 2 [7] can also be used to increase the number of the bits for each MCS level. Using 1.3 as an example, if the number of PRB pairs scheduled by the eNodeB is 10, both the eNodeB and the UE will look up the TBS table using 10*1.3=13 as the PRB number index. By this scheme the system cannot get the proper TBS for the PRB numbers smaller than 25 because of the granularity of the floor algorithm, which means that the system with 1.4MHz bandwidth, 3MHz bandwidth and 5MHz bandwidth would not work properly. The peak data rate is also a drawback of this scheme. Not all the PRB numbers can be scaled. For example the TBS with PRB pair number larger than 86 cannot be scaled beyond 110 PRB pairs. It must be noted that for the PRB numbers which have been fully scaled, the effective coding rate of the maximum MCS level (MCS level 28) is around 1.02 after the scaling. It means that the MCS level 28 is no longer valid using this scaling factor based scheme. Another smaller scaling factor can be used for the highest MCS level to keep the effective coding rate valid (less than 0.93).
Based on this scaling factor scheme, two enhanced proposals can be found in [8]

 REF _Ref361821671 \r \h 
[9]. In [8], new MCS to TBS mapping is proposed. Two more MCS levels are added to QPSK modulation and 16QAM modulation respectively while two MCS levels are deleted from 64QAM modulation.  The effective coding rates of the MCS levels will no longer align with the coding rates from the CQI feedback. The SNR gaps between the adjacent MCS levels are not same spaced as the way works for Rel.8.  All these behaviours deviate from the principle of Rel.8 TBS design. This scheme will make a different and complex eNodeB implementation for MCS level selection, and degrade the average network throughput because of the unequal spaced MCS levels. In [9], TBS table for layer 2 transmission is used for the PRB numbers larger than 85. But it cannot solve the problems to the small bandwidth systems.
While scaling is a familiar operation from previous releases for the special subframes in TDD, a new optimized TBS table would be preferable for the ‘normal’ subframe transmission for all system bandwidth options. The comparisons the effective coding rates of each MCS levels from new TBS table scheme ad scaling factor based scheme can be found in the appendix.
Observation 5: the scaling factor based scheme cannot work for all PRB pair numbers, and does not produce an optimized table.
Proposal: the optimization scheme shall work for all system bandwidth options.
4 Conclusions
This paper discussed the TBS table optimization for Rel-12 NCT. Both the adaptive MCS level selection scheme and the scaling factor scheme cannot solve the peak data rate problem. The coding rate/modulation mismatching during the adaptive MCS level selection further degrades the network performance. The scaling factor based scheme actually generates a ‘new’ table which is not optimized.
Taking all these aspects into considerations, we propose:
Proposal 1: the optimization scheme shall work for all system bandwidth options.

Proposal 2: generate a new TBS table using all the Rel-8 principles with 12 REs/PRB as the overhead assumption. Keeping the same maximum effective coding rate and the same effective coding rates in the modulation transition range as the Rel-8 principles is preferred.
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Figure 6. Effective coding rates of MCS level 0-9, QPSK modulation
[image: image14.emf]0 5 10 15 20 25

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

PRB #

Effective Coding Rate

New TBS

[image: image15.emf]0 5 10 15 20 25

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

0.65

0.7

PRB #

Effective Coding Rate

Scaling factor based


Figure 7. Effective coding rates of MCS level 10-16, 16QAM modulation
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Figure 8. Effective coding rates of MCS level 17-28, 64QAM modulation
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