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1 Introduction
In RAN#67, a new Study Item on “Latency reduction techniques for LTE” [1] was approved, with the objective to study E-UTRAN enhancements in order to significantly reduce the packet data latency over the air interface as well as to significantly reduce the packet data transport round trip latency.
As the start, it is beneficial to first identify the use cases that would benefit from latency improvements as well as the corresponding latency requirements. 
2 Discussion
According to the analysis in [2][3], there are already a number of examples to show the benefits provided by latency improvements, as follow:

· For HTTP/TCP applications, benefits in terms of increased average throughput, due to the accelerated TCP ACK for TCP slow start;
· For real-time applications (like VoLTE/OTT VoIP, video telephony/conferencing), benefits in terms of increased perceived quality of experience, due to the increased transmission opportunities within a certain delay budget;
· For applications in general, benefits in terms of shorter call setup delay, due to faster transport of control signaling;
· For applications in general, benefits in terms of increased transmission efficiency in high-speed scenarios, due to fast channel sensing.
As a further step, it appears also necessary to identify the delay critical applications in now days and in the future and to investigate the desired latency target for those applications. This will guide the design of latency improvements and ensure that delay critical applications (at least some of them) could be successfully deployed over the evolutionary LTE networks - to ensure the competitiveness of LTE evolution.

We envisage the delay critical applications will not be used for human interaction alone, instead we see a huge growth in machine type communications. The use cases with stringent latency requirements have already been widely discussed in e.g. LoLA, METIS, ITU and GSMA, and the description of them as well as the corresponding latency requirements are summarized in Table1 below.
Table 1: Summary of the delay critical use cases and latency requirements 
	Use cases
	Descriptions 
	Latency requirements

	Interactive gaming
	Low latency is especially critical for an avatar

model of on-line games with high precision weapons (massively multi-user on-line first-person shooter). 
	< 25ms E2E latency at App layer [4]

	Traffic safety
	This includes car detecting safety critical situations, accidents within reach of the car and other hazardous road conditions. The latency is for receivers within the target range (including detection delay)
	< 5ms E2E latency at MAC layer [5]

	Autonomous driving
	Autonomous driving could eliminate the need for drivers, with technology handling vehicle navigation. This will require ultra reliable and ultra fast communication between different autonomous driving cars and between cars and infrastructure.
	~1ms E2E latency

	Industrial automation and process control
	In typical scenarios of industrial control with closed-loop systems, at intervals of roughly a millisecond, a master station will contact all sensors and actuators and present the acquired data to the control application. The sensitivity of control circuits when controlling devices moving rapidly (such as industrial robots) requires an end-to-end latency significantly below 1 millisecond per sensor. 
	~1ms E2E latency

	Remote medicine
	An operation could be performed by a robot that is remotely controlled by a surgeon on the other side of the world.
	1-10ms E2E latency [7] [8]

	Augmented/virtual reality 
	These enable users to see a virtual 3D world in e.g. smart glasses. These technologies have a number of potential use cases in both entertainment (e.g. gaming) and also more practical scenarios such as manufacturing or medicine, and could extend to many wearable technologies.
	< 2-5ms E2E latency at MAC layer [5]

	Tactile Internet
	For technical applications to match humans’ interaction with their environment, our natural reaction times set the targets that technical specifications must meet. For touch interfaces, a delay requirement as low as one millisecond can sometimes be observed to prevent “cyber sickness” – a form of motion sickness.
	~1ms E2E latency at MAC layer [5]

	Smart grid
	For trips and blockings application, the total transmission time shall be below the order of a quarter of a cycle (5ms for 50Hz, 4ms for 60Hz).
	4-5ms E2E latency [6]

	Real-time remote computing for mobile terminals
	The advantage of these systems lies in the fact that remote applications and services can easily and centrally be maintained and updated without user interaction. Moreover, the data and applications are accessible to all users regardless of the terminal processing capabilities. 
	< 10ms E2E latency at MAC layer [5]


For LTE Rel-10/11, the U-plane one way latency in the radio interface is about 4ms (FDD, 4.9ms for TDD, with 0% HARQ BLER) according to the evaluation in [9]. From Table 1, it could be observed that some of the use cases may require much lower latency than today’s LTE system, which further motivates the study of latency reduction techniques for LTE. With TTI shortening and reduced processing time, many of the use cases will be able to be supported by the evolutionary LTE networks. Note that, for any service requiring a low latency in the millisecond level, the service will have to be served using content located very close to the end-user (possibly at the base station).
The E2E latency enabled by the evolutionary LTE networks largely depends on which level of TTI shortening and reduced processing time will be agreed. When selecting the TTI length between 0.5ms and one OFDM symbol, carefully evaluation should be performed especially from physical layer perspective, to ensure the additional benefits caused by TTI shortening could be justified by the accompanying complexity and specification impacts.
3 Conclusion

In this contribution, we investigated the delay critical use cases that would benefit from the latency improvements, as well as the latency requirements for those use cases. We have the following proposal:
Proposal: Capture the delay critical use cases as well as the corresponding latency requirements into the TR.
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