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1. Motivation to enhance uplink
3GPP E-UTRA is designed to operate for both downlink and uplink high-speed data transmission. Currently, the capability of uplink transmission is less than downlink transmission in terms of peak data rate, spectral efficiency and so on. This is due to many reasons, e.g.,

· Uplink modulation scheme is limited. Most commonly used modulation scheme for uplink is 16QAM. Hence, the spectral efficiency is limited regardless higher transmission power. 

· The use of 1Tx at uplink nowadays is the most common configuration. LTE is designed to operate with flexible antenna configurations for different kind of terminals, e.g., 1 Tx, 2Tx or 4Tx. However, specific antenna separation for more than 1Tx is required in order to avoid interference from each other, avoid spatial domain correlation and etc. For future proof, the terminal needs to preserve more rooms for future use of new RAT. Limitation of the antenna size is important. Consequently, the limitation of number of Tx at terminal restricts the application of UL MIMO.
From practical deployment point of view, nowadays, it is observed several drawbacks by the aforementioned limitation,

· Uplink throughput is limited for some practical TDD configuration. For example, TDD configuration 2, SSP=7, cat 6, 20MHz, there is a huge gap between downlink (110Mbps) and uplink (10Mbps) peak data rate. Such configuration becomes the main TDD configuration for some operators[1]. Therefore, enhancing the uplink is important from UE perspective as well as network perspective.
	For example, TDD configuration 2, SSP=7, cat 6, 20MHz

	Throughput
	downlink
	uplink

	
	110 Mbps
	10 Mbps


Table 1: example for downlink and uplink throughput
· 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

· ~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.
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2. Propose to enhance uplink
Enhancing uplink transmission, in terms of uplink data rate and spectral efficiency, with these selected UE limitations is promising for many aspect.

(1) With more advanced uplink reception approach, e.g., more receiving antennas (4Rx or 8Rx), uplink CoMP, the UE uplink post SINR can be largely increased. However, the current uplink spectral efficiency is limited by its highest modulation and coding schemes. This results in a waste of remaining UE transmission power. Thus, uplink enhancements are proposed to fully utilize the UE capability of uplink in order to increase data rate, and improve spectral efficiency.

(2) Increasing the uplink spectral efficiency can reduce UE transmission duration. Hence, UE power consumption can be reduced, which results in better user experience from terminal perspective.
(3) Currently, uplink throughput is limited by some practical TDD configuration. For example, TDD configuration 2, SSP=7, cat 6, 20MHz, there is a huge gap between downlink (110Mbps) and uplink (10Mbps) peak data rate. Therefore, enhancing the uplink throughput is important from user experience as well as network performance perspective .
3. Solutions
3.1. Descriptions
Beyond the current specification, several uplink enhancement solutions can be considered. 
First of all, RAN#64 has discussed the Utilization of uplink 64QAM (UL_64QAM) [2].
· Recently clear market needs are observed to push the UL peak data rate to 75Mbps across Asia, Europe and North America. Utilization of 64QAM would be one of the efficient and robust ways to achieve that goal. Unfortunately that feature is coupled with certain UE categories, i.e., UE category 5 and 8, which restricts its usage. So decoupling UL 64QAM from UE categories was proposed and discussed in RAN2 and RAN. It is also known that UL 64QAM requirements are missing in current RAN4 specifications. Therefore, in order to introduce UL 64QAM in the practical network, a new work item is proposed to complete the specification of UL 64QAM in RAN4.

Secondly, uplink Dual Transport Blocks (TB) transmission for 1Tx UE (UL_1Tx_dualTB) can offer gains from uplink peak data rate and spectral efficiency perspective [3].
· In current specification, the UE is only allowed to transmit single TB on each CC of one UL subframe, when the UE only support UL single antenna transmission. From the perspective of Shannon capacity, single TB transmission in such case is the 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.
· 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 successive interference cancellation (SIC) receiver, can help for demodulating and decoding the two superimposed TBs successfully. 
· This is especially applicable for good SNR users, which maintain enough transmission power for the first transport block, and allocate residue transmission power for additional transport block transmission. At the base station side, SIC approach is needed to decode both two transport blocks.
· It is shown that 
a) For 16QAM, the uplink peak data rate and spectral efficiency can be increased up to 70% for good SINR users.
b) For 64QAM, the uplink peak data rate and spectral efficiency can be increased up to 30% for good SINR users.
3.2. Proposed way forward

Therefore, it is proposed in Rel-13,
· RAN1 to start a SI to study possible uplink enhancement solutions, e.g., uplink dual TB transmission.

4. Conclusion
In this contribution, the motivation of uplink enhancement is discussed. And it is proposed to start the work on uplink enhancement in Rel-13 which proposed as follows
Proposals: 

· RAN1 to start a SI to study possible uplink enhancement solutions, e.g., uplink dual TB transmission.
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