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1. Introduction
There is a motivation to enhance the uplink performance in Rel-13[1]. It is proposed to study the possible uplink enhancement in order to satisfy the market need. In [1], we think the Uplink capability is not fully utilized. Considering EVM-free uplink post-SINR performance, it is shown that most of the users exceed the required SINR for the highest 16QAM MCS (MCS_16). For example, ~90% users has SINR higher than MCS_16, assuming maximum 16QAM, 1Tx8Rx , or ~50% users has SINR higher than MCS_16, assuming maximum 16QAM, 1Tx2Rx. Moreover, high probability can be achieved when low load is considered. Therefore, the potential spectral efficiency improvement is possible by solutions which could fully utilize higher SINR.
In this discussion paper, we propose to enable uplink transmission for more transport blocks, which increase the uplink transmission efficiency as well as peak data rate.
2. Dual transport block transmission for uplink
In current specification, the UE is only allowed to transmit single TB on each CC of one UL subframe, when the UE is configured one antenna port. From Shannon capacity perspective, single TB transmission in such case is still optimal. However, considering the limitation of uplink modulation order and the EVM limitation, the uplink spectrum efficiency is limited. With such practical consideration, single TB transmission can no longer fully exploit the channel capacity. In the following, one solution that based on UL dual TBs transmission is provided to enhance the uplink transmission performance when the single TB transmission performance is limited.
2.1. Basic Idea
The basic idea of UL dual TBs transmission is to allow two TBs to be superimposed together and be transmitted by the same time, frequency and spatial resource. By allocating different powers to the two TBs, advanced receivers at eNB side, such as SIC receiver, can help for demodulating and decoding the two superimposed TBs successfully. One example of such transmission is shown in Figure 1. 
In the example showed in Figure 1, the UE is expected to transmit two superimposed TBs. The power allocated to TB1 is less than to TB2. At eNB side, if the SIC receiver is employed, the TB2 with more power can be decoded first, and then the TB1 can be decoded by cancelling the TB1 from the receive signal.
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Figure 1 UL dual TBs transmission
One requirement of this solution on UE is that the UE needs to be capable of pre-processing dual TBs before transmission. To meet this requirement, increasing the processing capability may be needed. However, in some case, the UE may not be necessary to increase its processing capability, since UE can pre-processing the dual TBs at different UL subframes before the transmission and sum them up when transmission by utilizing spare processing time, as shown in Figure 2. 
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Figure 2 An example of UE pre-processing and preparation procedure
2.2. System Model
To simplify the notation, the SE calculation of dual TB transmission in co-located scenario is considered here, the non-co-located scenario can be extended easily. 
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Figure 3 An example of dual TB transmission 
Denote the uplink dual transmission symbols of the UE as 
[image: image4.wmf]1

s

and 
[image: image5.wmf]2

s

, and the two symbols are superimposed to be transmitted at the same time/frequency/spatial resource. The power allocated to the two symbols are denoted as
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. Without loss of generality, assume that 
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, as shown in Figure 3.
Then the receive signal at eNB side can be denoted as:
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where 
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 and 
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are the channel vector from UE to eNB and the receive noise vector at eNB, respectively.
Assuming SIC receiver is applied at eNB to decode the two transmission blocks. Since 
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, the  eNB decodes TB2 first while treating the signal of TB1 as interference. Considering MMSE criterion to decode TB2, then the equalizer can be denoted as 
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where 
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With the MMSE equalizer, the SINR of TB2 can be easily calculated as:
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where 
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 is the maximum threshold of SNR considering EVM at transmitter side, 
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 is the total transmit power of UE, 
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Assume that TB2 can be decoded successfully, then the TB1 can be decoded by fully cancel the interference comes from TB2. The SINR of TB1 after SIC procedure can be denoted as 
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The uplink spectrum efficiency of dual TBs transmission can be calculated as:
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where C(•) is SINR to Spectral efficiency mapping [see Appendix 1].
2.3. Use Cases
The use cases for uplink dual TBs transmission solution include but not limited to:
· Co-located case: e.g., the uplink dual TBs transmission from a UE is received by one eNB, or by multiple sectors of the same eNB;
· Non-co-located case: e.g., the uplink dual TBs transmission from a UE is received by multiple eNBs, which are connected by ideal backhaul. The multiple eNBs can be the combination of Macro eNB & Macro eNB, Macro eNB & small cell, and small cell & small cell.
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	Figure 4-a Co-located: Dual TB transmission to one eNB
	Figure 4-b Co-located: Dual TB transmission to two sectors of one eNB
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	Figure 5-a Non-co-located: Dual TB transmission to macro/small cell
	Figure 5-b Co-located: Non-co-located: Dual TB transmission to two small cells


2.4. Example performance analysis
To evaluate the performance gain of uplink dual TB transmission over single TB transmission, the numerical comparisons are provided. Two baselines are considered, which are 16QAM and 64QAM. Both the co-located scenario in Figure 4-a and the non-co-located scenario in Figure 5-a are considered. The performance gain of UL dual TBs transmission over single TB transmission with different baseline and scenarios are shown in Table I-IV.
From the results in Table I-IV we can observe that, when the uplink receive SNR is low, the performance gain of dual TBs over single TB is limited, since the single TB with 16QAM or 64QAM can almost achieve the uplink channel capacity. With the increase of uplink receive SNR, the performance gain of dual TBs increases, because the uplink spectrum efficiency of single TB is limited by the modulation order, while dual TB transmission can increase the uplink spectrum efficiency by super-positioning two TB. An illustration of such performance gain with the increase of SNR is shown in Fig. 5.
The parameters in the Tables are explained as follows:
· The SNR_UL in Table I&II is the uplink receive SNR at eNB side, which incorporates the impact of uplink transmit power of UE, the path loss, shadowing of uplink channel, the noise plus interference received at eNB side and array gain of receive antennas. Similarly, the SNR_UL_1 and SNR_UL_2 in Table III&IV represent the uplink receive SNR at two eNBs.
· Scheme 1 is the uplink single TB transmission, and scheme 2 is the uplink dual TBs superimposed transmission. Since the performance of the uplink dual TBs transmission depends on the power allocation between the two TBs, the power allocation applied here is the optimal power allocation, which is numerical searched and obtained. 
· The EVM of 16QAM and 64QAM are set as assumed to be 12.5% and 8%, respectively. 
Table I: Performance gain of UL dual TBs transmission over single TB transmission
(single TB baseline is 16QAM, co-located scenario as shown in Figure 4-a
	case
	SNR_UL [dB]
	Scheme 1
Single TB [bps/Hz]
	Scheme 2
Dual TBs [bps/Hz]
	Power ratio of two TBs
	Gain of Scheme 2 vs 1

	1
	3
	1.528
	1.572
	0.408
	2.89%

	2
	8
	2.635
	2.762
	0.274
	4.83%

	3
	18
	3.720
	5.111
	0.132
	37.38%

	4
	23
	3.720
	5.840
	0.101
	56.98%

	5
	28
	3.720
	6.193
	0.088
	66.49%

	6
	33
	3.720
	6.326
	0.083
	70.06%

	7
	38
	3.720
	6.372
	0.084
	71.28%


Table II: Performance gain of UL dual TBs transmission over single TB transmission
(single TB baseline is 64QAM, co-located scenario as shown in Figure 4-a
	case 
	SNR_UL [dB] 
	Scheme 1 
Single TB [bps/Hz]
	Scheme 2 
Dual TBs [bps/Hz] 
	Power ratio of two TBs 
	Gain of Scheme 2 vs 1 

	1 
	3 
	1.543 
	1.581 
	0.408 
	2.47%

	2 
	8 
	2.710 
	2.804 
	0.272 
	3.46%

	3 
	18 
	5.233 
	5.436 
	0.109 
	3.88%

	4 
	23 
	5.580 
	6.466 
	0.076 
	15.87%

	5 
	28 
	5.580 
	7.099 
	0.099 
	27.22%

	6 
	33 
	5.580 
	7.389 
	0.069 
	32.42%

	7 
	38 
	5.580 
	7.496 
	0.067 
	34.33%


Table III: Performance gain of UL dual TBs transmission over single TB transmission
(single TB baseline is 16QAM, non-co-located scenario as shown in Figure 5-a
	case 
	SNR_UL_1 [dB] 
	SNR_UL_2 [dB]
	Scheme 1 
Single TB [bps/Hz]
	Scheme 2 
Dual TBs [bps/Hz] 
	Power ratio of two TBs 
	Gain of Scheme 2 vs 1 

	1
	25
	0
	3.720 
	3.811 
	0.357 
	2.43%

	2
	25
	5
	3.720 
	3.984 
	0.343 
	7.09%

	3
	25
	15
	3.720 
	5.232 
	0.092 
	40.63%

	4
	25
	20
	3.720 
	5.872 
	0.088 
	57.84%

	5
	25
	25
	3.720 
	6.193 
	0.088 
	66.49%

	6
	25
	30
	3.720 
	6.321 
	0.088 
	69.91%

	7
	25
	35
	3.720 
	6.357 
	0.086 
	70.88%


Table IV: Performance gain of UL dual TBs transmission over single TB transmission
(single TB baseline is 64QAM, non-co-located scenario as shown in Figure 5-a
	case 
	SNR_UL_1 [dB] 
	SNR_UL_2 [dB]
	Scheme 1 
Single TB [bps/Hz]
	Scheme 2 
Dual TBs [bps/Hz] 
	Power ratio of two TBs 
	Gain of Scheme 2 vs 1 

	1 
	25
	0
	5.580 
	5.580 
	0.780 
	0.00%

	2 
	25
	5
	5.580 
	5.609 
	0.762 
	0.52%

	3 
	25
	15
	5.580 
	5.923 
	0.617 
	6.15%

	4 
	25
	20
	5.580 
	6.539 
	0.267 
	17.18%

	5 
	25
	25
	5.580 
	7.099 
	0.099 
	27.22%

	6 
	25
	30
	5.580 
	7.369 
	0.068 
	32.07%

	7 
	25
	35
	5.580 
	7.471 
	0.076 
	33.88%


Observations
Observation 1: Dual TB transmission can increase the UL spectral efficiency up to 70% for 16QAM according to the current EVM assumption.

Observation 2: Dual TB transmission can increase the UL spectral efficiency up to 33% for 64QAM according to the current EVM assumption.
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Figure 6 Illustration of performance of dual TB and single TB transmission with the increase of SNR
3. Conclusions
In this paper, the requirement of uplink transmission enhancement in Rel-13 is discussed. The dual TB transmission approach is described which aims to enhance the uplink spectrum efficiency and data rate. It allows two TBs to be superimposed together and be transmitted by the same time, frequency and spatial resource. Numerical results show performance gain of the dual TB transmission solution, especially when the uplink receive SNR is high. It is proposed in R-13 to seek and evaluate possible solution(s) that can efficiently enhance the uplink transmission performance by taking different alternatives into account [2].
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Appendix 1: SINR to spectral efficiency mapping

The SINR to spectral efficiency mapping used in the spectrum efficiency calculation is shown in the following table, which is obtained by assuming fading channel and 1 layer transmission.
Table V: SINR to spectral efficiency mapping

	SINR(dB) 
	BPSK 
	QPSK 
	16QAM 
	64QAM 

	-20 
	0.0143 
	0.0144 
	0.0144 
	0.0144 

	-19 
	0.0179 
	0.0180 
	0.0180 
	0.0180 

	-18 
	0.0225 
	0.0227 
	0.0227 
	0.0227 

	-17 
	0.0282 
	0.0285 
	0.0285 
	0.0285 

	-16 
	0.0354 
	0.0358 
	0.0358 
	0.0358 

	-15 
	0.0442 
	0.0449 
	0.0449 
	0.0449 

	-14 
	0.0553 
	0.0563 
	0.0563 
	0.0563 

	-13 
	0.0689 
	0.0706 
	0.0706 
	0.0706 

	-12 
	0.0857 
	0.0883 
	0.0883 
	0.0883 

	-11 
	0.1063 
	0.1103 
	0.1103 
	0.1103 

	-10 
	0.1314 
	0.1375 
	0.1375 
	0.1375 

	-9 
	0.1618 
	0.1710 
	0.1711 
	0.1711 

	-8 
	0.1981 
	0.2122 
	0.2122 
	0.2122 

	-7 
	0.2412 
	0.2623 
	0.2624 
	0.2624 

	-6 
	0.2916 
	0.3229 
	0.3231 
	0.3231 

	-5 
	0.3495 
	0.3955 
	0.3960 
	0.3961 

	-4 
	0.4148 
	0.4815 
	0.4826 
	0.4828 

	-3 
	0.4867 
	0.5821 
	0.5844 
	0.5847 

	-2 
	0.5636 
	0.6978 
	0.7025 
	0.7031 

	-1 
	0.6430 
	0.8282 
	0.8376 
	0.8387 

	0 
	0.7215 
	0.9719 
	0.9897 
	0.9918 

	1 
	0.7951 
	1.1256 
	1.1585 
	1.1620 

	2 
	0.8598 
	1.2843 
	1.3427 
	1.3484 

	3 
	0.9124 
	1.4413 
	1.5410 
	1.5500 

	4 
	0.9510 
	1.5887 
	1.7517 
	1.7652 

	5 
	0.9762 
	1.7184 
	1.9732 
	1.9926 

	6 
	0.9903 
	1.8238 
	2.2036 
	2.2308 

	7 
	0.9968 
	1.9014 
	2.4413 
	2.4786 

	8 
	0.9992 
	1.9520 
	2.6837 
	2.7349 

	9 
	0.9999 
	1.9803 
	2.9269 
	2.9985 

	10 
	1.0000 
	1.9935 
	3.1639 
	3.2686 

	11 
	1.0000 
	1.9984 
	3.3852 
	3.5442 

	12 
	1.0000 
	1.9997 
	3.5794 
	3.8246 

	13 
	1.0000 
	2.0000 
	3.7371 
	4.1087 

	14 
	1.0000 
	2.0000 
	3.8530 
	4.3953 

	15 
	1.0000 
	2.0000 
	3.9285 
	4.6814 

	16 
	1.0000 
	2.0000 
	3.9708 
	4.9613 

	17 
	1.0000 
	2.0000 
	3.9904 
	5.2250 

	18 
	1.0000 
	2.0000 
	3.9976 
	5.4601 

	19 
	1.0000 
	2.0000 
	3.9996 
	5.6547 

	20 
	1.0000 
	2.0000 
	3.9999 
	5.8015 

	21 
	1.0000 
	2.0000 
	4.0000 
	5.9000 

	22 
	1.0000 
	2.0000 
	4.0000 
	5.9573 

	23 
	1.0000 
	2.0000 
	4.0000 
	5.9852 

	24 
	1.0000 
	2.0000 
	4.0000 
	5.9960 

	25 
	1.0000 
	2.0000 
	4.0000 
	5.9992 

	26 
	1.0000 
	2.0000 
	4.0000 
	5.9999 

	27 
	1.0000 
	2.0000 
	4.0000 
	6.0000 

	28 
	1.0000 
	2.0000 
	4.0000 
	6.0000 

	29 
	1.0000 
	2.0000 
	4.0000 
	6.0000 

	30 
	1.0000 
	2.0000 
	4.0000 
	6.0000 
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