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1. Introduction

At RAN#65 meeting, the study item of small data transmission enhancement was approved [1]. After identifying the scenario and application characteristics [2] and relevant requirement [3], the study should focus on potential solutions:

· Device power saving enhancements (for example extended DTX/DRX cycles)

· Signalling optimizations to support massive number of devices and/or optimize small packet transmission (for example control signalling overhead reduction)

· Optimization of delay tolerant transmissions

· Investigate mechanisms to enhance coverage for low data transmissions, including above-mentioned optimizations (and for example time domain repetition of physical channels or signals)

As pointed out in [1], minimizing the impact on the physical layer, and on legacy terminals and networks, is an important aspect for any considered technical solutions. 
In this contribution, we provide initial considerations on the objectives of small data transmission enhancement and discuss potential solutions. 
2. Enhancements to be studied
Coverage performance is needed to be enhanced since large part of usage scenarios with small data transmission (SDT) devices are in adverse coverage conditions such as indoor or in basements. Deployment with a massive number of devices is a very important scenario for small data transmission. When many small data transmission users are connected to the network, it is necessary to optimize the signalling overhead to avoid consuming a large amount of power/capacity for signaling. Power saving is another important aspect to be considered for small data transmission.
2.1 Coverage enhancements
Several methods can be considered as coverage enhancement solutions, including repetition, power boosting, increasing maximum transmission time, larger TTI transmission, etc. 
It is easily understood that repetition can increase coverage since the receiver can combine each copy of the same data due to the same transmission in the transmitter. The signal to noise ratio (SNR) will be raised which means that less transmission power is needed to achieve the same SNR in the receiver. In other words, by transmission repetition the UE can still have good performance even when at cell edge or undergoes large path loss. There are two ways to realize TTI repetition. One way is to simply repeat chip level transmission data in the consecutive TTIs, see Figure 1(a). In Figure 1(a) in the consecutive TTIs several copies of the same data are transmitted. The other way is to transmit the same channel coded data but with different redundancy version in the consecutive TTIs, see Figure 1(b).
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Figure 1 Solutions for coverage enhancement
Power boosting can maintain the received SNR if path loss or shadow fading occurs since the transmitted power is raised, as shown in Figure 1(c). However, if a UE is deployed in the edge of the cell and its transmission power is close to maximum power, power boosting may not be feasible to increase coverage.
In current specification HARQ mechanism permits UE to retransmit data if CRC is wrong. Increasing the maximum number of retransmissions can allow UE transmit data with lower power which leads to an increased coverage. Even if for each transmission the error rate will increase due to less transmission power, after more retransmission the final data will be received at the same BLER target. However, increasing maximum number of retransmissions increases the time to transmit the data which leads to a larger delay.
Larger TTI is another method to reduce the needed SNR to achieve the same BLER. Just as 10ms TTI for E-DPDCH has larger coverage than 2msTTI, larger TTI brings interleaving gain which decreases the errors in a coding block when the wireless channel is fading. However, larger TTI will introduce large impact to the specification and implementation. Larger TTI procedure is shown in Figure 1(d). Table 1 gives a simple comparison among different coverage enhancement solutions.
Table 1 Comparisons among solutions

	Solutions 
	Transmission power
	Transmission delay
	Specification impact

	TTI repetition with same RV
	Low
	Medium
	Low

	TTI repetition with different  RV
	Low
	Medium
	Low

	Power boosting
	High
	Short
	Low

	Increasing HARQ retransmissions
	Low
	Long
	Low

	Larger TTI
	Low
	Medium
	High


2.2 Signalling optimization
According to [2], massive number of devices will exist in one cell. In order to support such large number of users, signalling optimization should be considered to guarantee the cell capacity especially when small data transmission users are coexistence with legacy users. 
Currently, E-DPCCH is always transmitted along with E-DPDCH and E-DPCCH is usually transmitted at a power level higher than the power needed for demodulation. DPCCH is always transmitted if a UE is connected to the network even the UE has no data to transmit. These two control channels take up a large part of the uplink load in realistic networks with a number of terminals which is much smaller that the number of terminals envisioned in small data transmission deployments. Given the large number of terminals, in small data transmission scenarios control channel overhead should be reduced to guarantee the data transmission. Hence signalling optimization should be considered an important part in this study.
2.3 Power saving

Like Machine Type Communication (MTC) applications require devices to have up to ten years’ battery life [3], power saving method for small data transmission is another important aspect in this study item. Power saving solutions as the power saving mode discussed in RAN2 in Release 12, or DTX/DRX enhancement, can be considered. According to RAN2 specification [4], power saving mode solution allows the UE to move to a new power saving state, after an active time period starting when the UE moves to idle state. In the power saving state the UE remains attached but all AS functionalities stop. The UE wakes up and goes back to idle state when it has UL data pending or when it needs to perform a tracking area update. In addition, long cycle for DTX/DRX will save power further for UE and is worth to be considered.
3. Conclusion
In this document we provided initial considerations on the objectives of the study on small data transmission enhancements. For each objective possible solution were discussed.
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