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1. Introduction

The MCS and TBS tables for LTE were agreed in RAN1#52b and 53 [1—5]. The one-layer TBS table is populated by a TBS mother set of 183 different TBSs. The TBS for two-layer spatial multiplexing is determined by a simple mapping procedure. In this contribution, we discuss three remaining issues.

The largest two-layer TBS for
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=100 are set to 151376 to ensure 300Mbps peak rate can be achieved with 4×4 MIMO transmission. However, with a system configuration of 4TX and 1OS for control, the channel code rate reaches 0.931. According to the work assumption, the UE may skip decoding such a TBS because the effective channel code rate is higher than 0.92. This leads to 100% retransmission and renders the 300Mbps peak rate unreachable. It is proposed to reduce the largest two-layer TBS to 149776 and raised the threshold for decoding skipping to 0.930. 

Furthermore, the current TBS table exhibits inconsistent peak rate scaling across different bandwidths as illustrated in Figure 1. For instance, a single UE can achieve peak rates of 300, 150 and 75 Mbps with 4×4 MIMO, 2×2 MIMO, and SIMO transmissions, respectively, in a 20MHz system. For a 5MHz system, the single user peak rates are 66, 33 and 16 Mpbs for the three transmission modes instead of 75, 37 and 18 Mbps. That is, the achievable peak rates in a 5MHz system are significantly less than a quarter of those in the 20MHz system. Note also that, if the 20MHz bandwidth is shared equally among four users, the combined peak rates are only 266, 131 and 66 Mpbs for the three transmission modes. That is, sharing the bandwidth introduces artificial losses in peak system throughput. It is proposed to adjust the 
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entries in the one-layer TBS table to enable consistent peak rate scaling across bandwidths with  1≤
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≤100.

For PUSCH bundling, it is proposed to set 
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≤2 as the threshold for OPSK-only transmission.
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Figure 1 Comparison of one-layer 
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settings.
2. Peak Rate Achievability

According to the working assumption, the largest two-layer TBS for
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N

=100 are set to 151376 to ensure 300Mbps peak rate can be achieved with 4×4 MIMO configurations. However, with a system configuration of 4TX and 1OS for control, the channel code rate reaches 0.931. According to the work assumption, the UE may skip decoding such a TBS because the effective channel code rate is higher than 0.92. This leads to 100% retransmission rate and renders the 300Mbps peak rate unreachable.

It is proposed to reduce the largest two-layer TBS to 149776 and raised the threshold channel coding rate for UEs to skip decoding to 0.930. 
The effective channel code rate of the proposed TBS=149776 in a system configuration of 4TX and 1OS for control is 0.922. Note also that the effective channel code for TBS=75376, which is the largest one-layer TBS for 
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=100 and the largest two-layer TBS for 
[image: image9.wmf]PRB

N

=50, is 0.928 in a system configuration of 4TX and 1OS for control. Verification of the 0.930 maximum channel code rate is provided in Section 3 and the Appendix.

Table I Proposed adjustment to one-layer to two-layer TBS mapping.

	
	TBS_L1
	TBS_L2

	WA
	75376
	151376

	New
	75376
	149776


3. Peak Rate Scaling for Different Bandwidths
As illustrated in Figure 1, the largest TBSs for different bandwidths are not set consistently in the WA. This leads to inconsistent peak rate scaling across different bandwidths. For instance, a single UE can achieve peak rates of 303, 151 and 75 Mbps with 4×4 MIMO, 2×2 MIMO, and SIMO transmissions, respectively, in a 20MHz system. For a 5MHz system, the single user peak rates are 66, 33 and 16 Mpbs for the three transmission modes instead of 75, 37 and 18 Mbps. That is, the achievable peak rates in a 5MHz system are significantly less than a quarter of those in the 20MHz system. Note also that, if the 20MHz bandwidth is share equally among four users, the combined peak rates are only 266, 131 and 66 Mpbs for the three transmission modes. That is, sharing the bandwidth introduces artificial losses in peak system throughput.
We proposed adjustments to the one-layer TBS table to enable consistent peak rates across bandwidths with 1≤
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is set to the largest TBS from the TBS mother set such that the effective channel code rates (including CRC bits) for both the one-layer and two-layer TBSs are lower than 0.929. For a system bandwidth of 101≤
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≤110, we propose to set the one-layer 
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=75376 in order to avoid introducing additional changes to the one-layer to two-layer mapping procedure. The proposed adjustments to 
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 are listed in Table 2 and illustrated in Figure 1.

Table 2 Proposed adjustment to one-layer 
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	WA
	New
	
	WA
	New
	
	WA
	New

	1
	648
	712
	38
	25456
	28336
	75
	48936
	55056

	2
	1320
	1480
	39
	25456
	29296
	76
	51024
	55056

	3
	1992
	2216
	40
	26416
	29296
	77
	51024
	57336

	4
	2664
	2984
	41
	27376
	30576
	78
	51024
	57336

	5
	3368
	3752
	42
	27376
	30576
	79
	52752
	57336

	6
	4008
	4392
	43
	28336
	31704
	80
	52752
	59256

	7
	4584
	5160
	44
	29296
	32856
	81
	52752
	59256

	8
	5352
	5992
	45
	29296
	32856
	82
	55056
	59256

	9
	5992
	6712
	46
	30576
	34008
	83
	55056
	61664

	10
	6712
	7480
	47
	31704
	35160
	84
	55056
	61664

	11
	7224
	8248
	48
	31704
	35160
	85
	57336
	61664

	12
	7992
	8760
	49
	32856
	36696
	86
	57336
	63776

	13
	8504
	9528
	50
	32856
	36696
	87
	57336
	63776

	14
	9144
	10296
	51
	34008
	37888
	88
	59256
	63776

	15
	9912
	11064
	52
	34008
	37888
	89
	59256
	66592

	16
	10680
	11832
	53
	35160
	39232
	90
	59256
	66592

	17
	11448
	12576
	54
	35160
	40576
	91
	59256
	66592

	18
	11832
	13536
	55
	36696
	40576
	92
	61664
	68808

	19
	12576
	14112
	56
	36696
	40576
	93
	61664
	68808

	20
	12960
	14688
	57
	37888
	42368
	94
	61664
	68808

	21
	14112
	15264
	58
	37888
	42368
	95
	63776
	71112

	22
	14688
	16416
	59
	39232
	43816
	96
	63776
	71112

	23
	15264
	16992
	60
	39232
	43816
	97
	63776
	71112

	24
	15840
	17568
	61
	40576
	45352
	98
	63776
	73712

	25
	16416
	18336
	62
	40576
	45352
	99
	66592
	73712

	26
	16992
	19080
	63
	42368
	46888
	100
	75376
	75376

	27
	17568
	19848
	64
	42368
	46888
	101
	66592
	75376

	28
	18336
	20616
	65
	43816
	48936
	102
	66592
	75376

	29
	19080
	21384
	66
	43816
	48936
	103
	68808
	75376

	30
	19848
	22152
	67
	43816
	48936
	104
	68808
	75376

	31
	20616
	22920
	68
	45352
	51024
	105
	68808
	75376

	32
	21384
	23688
	69
	45352
	51024
	106
	71112
	75376

	33
	22152
	24496
	70
	46888
	52752
	107
	71112
	75376

	34
	22920
	25456
	71
	46888
	52752
	108
	71112
	75376

	35
	22920
	25456
	72
	46888
	52752
	109
	71112
	75376

	36
	23688
	26416
	73
	48936
	55056
	110
	73712
	75376

	37
	24496
	27376
	74
	48936
	55056
	-
	-
	-


The channel code rates for the proposed 
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with a system configuration of 4TX and 1OS for control are illustrated in Figure 3. It can be seen that the peak channel code rates are all under 0.930. Furthermore, using the one-layer to two-layer mapping procedure (including one adjustment proposed in Section 2), the peak channel code rates can also be found to be under 0.930.

Link performance of the proposed peak TBSs for 
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=6, 15, 25, 50 and 100 is provided in the Appendix.
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Figure 3 Peak channel code rates with 4TX and 1 control OS configuration.
4. QPSK-only PUSCH Bundling

The use of PUSCH bundling is motivated by coverage limited situations where QPSK modulation is the better choice relative to 16QAM and 64QAM. It was hence agreed in [4,5] to introduce QPSK-only mode for bundled PUSCH. However, to reduce UE test burden/cost, it is necessary to limit the number of applicable cases. To make this coverage-enhancing mode available to VoIP and future real-time services, it is proposed to use 
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≤ 3 as the sole threshold for the QPSK-only PUSCH bundling. The alternative/auxiliary threshold on TBS is not recommended since the TBS for the yet-to-emerged future real-time service might require TBS configurations quite different than those for the VoIP applications.
5. Random access procedure

RAN WG2 has raised the concern that 56 bits TBS is only available once in the TBS table ‎[6], the 56 bits TBS corresponds to the random access procedures message 3.  This could introduce scheduling limitation. A simple solution to the problem is to replace 48 TBS for 1 and 2 Nrb with 56 bits TBS.
6. Conclusion

It is proposed to adopt 
· 0.930 as the threshold channel code rate for UEs to skip decoding,

· the adjustment in Table 1 to the one-layer to two-layer TBS mapping table,

· the adjustments in Table 2 to the 
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 entries of the one-layer TBS table,

· 
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≤ 3 as the (sole) threshold for the QPSK-only PUSCH bundling.

· Replace the 48 bits TBS in 1 and 2 Nrb to 56 bits.
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Appendix. Link Performance of Proposed Peak TBS
The peak TBSs for systems with 
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N

=6, 15, 25, 50 and 100 are shown in Table 3. AWGN link performance with 64QAM and code rate 0.930 is shown in Figure 4 and Figure 5. Two RX antennas, Log-Max soft value computation and 8 iterations of improved Log-Max turbo decoding are assumed.
Table 3 Link performance test cases.
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	TBS_L1
	TBS_L1+CRC
	TBS_L2
	TBS_L1+CRC

	6
	4392
	4416×1
	8760
	4416×2

	15
	11064
	5568×2
	22152
	5568×4

	25
	18336
	6144×3
	36696
	6144×6

	50
	36696
	6144×6
	75376
	5824×13

	75
	55056
	6144×9
	110136
	6144×18

	100
	75376
	5824×13
	149776
	6016×25
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Figure 4 64QAM link performance of peak one-layer TBSs at code rate 0.930.
[image: image31.emf]16 16.5 17 17.5 18

10

-2

10

-1

10

0

SNR per RX antenna [dB]

Transport Block Error Rate

AWGN, 64QAM, 2RX

 

 

TBS=149776

TBS=110136

TBS=75376

TBS=36696

TBS=22152

TBS=8760


Figure 5 64QAM link performance of peak two-layer TBSs at code rate 0.930.
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