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1.
Introduction

The issue of TTI length for LTE has been discussed briefly in the joint meeting with RAN WG1 in Denver. However, since then there has been little progress beyond discussing the impact on TTI length on the user plane latency at the Shanghai meeting in the context of being able to meet the requirements in TR 25.913. As a fundamental attribute of a transport channel it is important that RAN WG2 discuss this topic in some detail and especially in the context of its impact on overall protocol definition and signalling support.
2.
Discussion 
2.1
0.5 ms TTI – Delay and Control Overhead
The study item focused on a 0.5 ms TTI length only, primarily based on the latency requirements in TR 25.913. These requirements are however at best very coarse due to the lack of definition of measurement end points and the actual system load condition. The latter is partly driven from the need to de-link the parameter impact from the implementation details of scheduler being used. The primary disadvantage often cited against the 0.5 ms TTI is the control channel overhead. However, this needs to be considered simultaneously with the size of the payload, the minimum resource size and the number of UEs being simultaneously scheduled. 
In case of small packets such as voice and gaming a number of proposals rely on persistent scheduling with limited L1/L2 control channel signalling.  In such cases for a given minimum resource block size, a small TTI is useful in maximising system capacity for small packets and in reducing the overall latency. This is particularly true in medium to high SINR regions. Furthermore, a small TTI is helpful in optimizing the resource allocation for retransmissions in case of large packet transmissions. However, as is well understood, a small TTI causes significant increase in control overhead for services supporting large packets – in this case a longer TTI is useful.  
A shorter TTI also helps in TDM transmission of unicast and multicast sub-frames in a more efficient manner compared to longer TTIs.

Sizing the TTI to fit the needs of the individual packet has perceived by some as being very complex. However, reduction of overall control overhead is critical in achieving the overall throughput targets for LTE. It is therefore useful to consider larger TTI lengths of the order of 1 ms – 2 ms. 
2.2. Resource Block Size
The impact of the use of longer TTIs is tied to the applicable resource block size definition. With a longer TTI, for the same resource block size as the smaller TTI, and for the same number of UEs being scheduled, the amount of control overhead can be reduced. On the other hand, in case of small packets, there will be an overall hit in system capacity due to the resource block size being larger than required.

Thus the TTI size discussion needs to simultaneously consider the definition of the minimum resource block size. From a resource usage efficiency perspective a small TTI along with a small resource block size is seen as most efficient. For large packets, a longer TTI with a correspondingly larger resource block size is seen beneficial.

2.2. Control Channel Definition

In addition to the above considerations, the precise mechanism of control signalling is also seen as having some impact on the overall system performance. A number of different proposals are being considered in RAN WG1. In particular, there is significant focus on joint and separate coding of the signalling, and on transmitting the signalling using either a TDM or FDM approach. It is important to consider these issues together since the control signalling needs to be decoded at the UE first both for decoding downlink transmissions and for being able to transmit on the assigned uplink allocations. In case of FDM control signalling for example, a longer TTI could imply a longer delay before being able to transmit on the uplink. 
3.
Summary
This contribution has highlighted the rather inter-linked nature of the TTI discussion. In order to choose the most optimum value of TTI(s) it is important to consider all of the following:
1. Delay requirements

2. Small packet resource utilization efficiency

3. Control overhead

4. Resource Block sizing
5. DL/UL frame offset and impact on UL transmission latency based on control channel signalling scheme (TDM/FDM)
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