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 Introduction
The study item (SI) “Study on Latency reduction techniques for LTE” has been approved for Rel-13 [1]. The purpose of the SI is to study and improve the packet data latencies within the Rel-13 timeframe. 
Latency reduction studies, to be carried out in the SI, need to ensure a future-proof LTE evolution. Therefore, it is of utmost importance to initially identify all the essential use cases that can benefit from improved latencies. Furthermore, the relevant implications to each use case such as cost, complexity, energy-consumption and signalling overhead, have to be addressed in addition to the relevant metrics on latency, reliability and coverage/capacity improvements.
Discussion
Use cases
There will be a number of existing and new applications that will benefit from or even require reduced latencies. These applications can be exemplified under three identified use cases ranging from web applications to mission-critical communication applications as illustrated in Figure 1.
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Figure 1. Use cases to consider in latency reduction studies: Web application, Real-time application, Mission-critical communication application
Web application
HTTP/TCP is the dominating application and transport layer protocol suite used on Internet today e.g., for web-browsing. According to [2], the typical size of a HTTP based transaction over the Internet is in the range of a few 10’s of Kbytes up to 1 Mbyte. In this range, the TCP slow start period, which is illustrated in Figure 2, depends on the packet data latency, and thus plays a significant role in the total transport period of the packet stream. 
When all these reasons are taken into account, it is essential to consider HTTP/TCP use case in the latency improvement studies so as to analyse the possible gains in the performance metrics of delay and perceived data rate for TCP based data transactions.  
1. [bookmark: _Toc419483746][bookmark: _Toc419483802]RAN2 should consider the web application (HTTP/TCP) use case and analyse the possible gains in the performance metrics of delay and perceived data rate for TCP based data transactions. 
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Figure 2. The initial TCP phase (slow-start) is illustrated in this example. The ramp-up of number of TCP segments that are sent depend on the round trip delay until the transmitter gets the acknowledgments (TCP ACKs) for the transmitted segments.  

Real-time application
Voice over LTE (VoLTE) is an example for real-time applications. To enable a natural conversation (e.g., in VoLTE), modern cellular technologies (e.g., LTE) are designed so that the voice is transmitted within 100 ms latency bound. Yet, VoLTE can still benefit from the increased number of transmission opportunities by means of the latency reductions given the latency bound. This is because that VoLTE system coverage and capacity can be significantly improved. 
In addition, VoLTE and other real-time applications will benefit from reduced latencies in terms of increased perceived quality of experience. For instance, the latency bound is crucial for gaming applications in order to satisfy the typical human visual reaction time which is in the range of 10 ms. 
In video conferencing, similar level of latency requirement may also be sought. For instance, in order to provide a seamless video experience assuming that the picture refresh rate is 100 Hz, inter-picture latency has to be 10 ms [4]. 
1. [bookmark: _Toc419483747][bookmark: _Toc419483803]RAN2 should consider real-time application use case and analyse the possible gains in delay, service coverage and system capacity. 
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Figure 3. The high-level illustration of gaming application requiring end-to-end latency of 10 ms to satisfy the typical human visual reaction time e.g., 10 ms.  
Mission-critical communication application
The emerging applications require reduced latencies and improved reliability than those that LTE currently provides. These new applications include real-time control and automation of dynamic processes in various fields, such as industrial process automation and manufacturing, automated guided vehicles, energy distribution, intelligent transport systems/V2X communication, and augmented/virtual reality [3][4]. 
With respect to the previous use cases, down to 1 ms latency may be needed in order to meet the reaction time requirement of applications where the machine or human, assumed to be mobile, interacts with another machine or human or simply with its environment [4] as shown with an example in Figure 4. 
For these applications, it is important to analyse potential latency improvements that LTE can offer i.e., minimal delay (given the BLER and packet size requirements). Moreover, the increased number of possible transmissions within a certain delay bound could also translate into more robust transmissions and increased reliability thereof. Hence, the reliability improvements also need to be considered i.e., minimal BLER (given the delay and packet size requirements). Furthermore, it is essential to consider other application and transport layer protocol suites besides HTTP/TCP for the emerging mission-critical communication applications. Hence, we propose,
1. [bookmark: _Toc419483748][bookmark: _Toc419483804]RAN2 should consider the use case of mission-critical communication application and analyse potential improvements in latency and reliability that LTE can offer. 
1. [bookmark: _Toc419483749][bookmark: _Toc419483805]RAN2 should consider other application and transport layer protocol suites besides HTTP/TCP for the emerging mission-critical communication applications. 
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Figure 4. The illustration of a vehicular augmented reality application where very low latencies are sought to meet the reaction time requirement in a vehicular environment.  
Implications
In the studies, three main improvement areas, which are also illustrated in Figure 5, need to be considered for LTE latency reductions:  
· the uplink access procedure that starts with the need for a user equipment (UE) to request the permission of the base station to send i.e., the Scheduling Request (SR) procedure,
· the standardized processing times in LTE that stipulate that for instance retransmissions of data will (at least) take 8 ms, and
· the current transmission time interval (TTI) of 1 ms.
Each improvement area could be coupled with a latency reduction technique. These techniques impact the UE and network by the aspects of complexity, energy-consumption and signalling overhead. Furthermore, each use case has a different tolerance to those implications. For instance, the devices that are to run mission-critical communication applications can be more tolerant compared to other use cases. Hence, we propose,
Proposal 4 [bookmark: _Toc419483750][bookmark: _Toc419483806]Aspects of complexity, energy-consumption and signalling overhead should be considered.



Figure 5. Areas and associated latency reduction techniques that need to be addressed for LTE latency reduction studies. 

Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution we discussed the important use cases as well as major aspects needs to be considered within the studies on latency reductions:
Proposal 1	RAN2 should consider the web application (HTTP/TCP) use case and analyse the possible gains in the performance metrics of delay and perceived data rate for TCP based data transactions.
Proposal 2	RAN2 should consider real-time application use case and analyse the possible gains in delay, service coverage and system capacity.
Proposal 3	RAN2 should consider the use case of mission-critical communication application and analyse potential improvements in latency and reliability that LTE can offer.
Proposal 4	RAN2 should consider other application and transport layer protocol suites besides HTTP/TCP for the emerging mission-critical communication applications.
Proposal 5	Aspects of complexity, energy-consumption and signalling overhead should be considered.
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