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1
Introduction

The use of variable TTI length is being discussed in the RAN WGs [1]-[2]. This contribution provides our views on variable TTI length control principle.
2
Discussion
2.1
Objective of the variable TTI length control
RAN1 TR [3] assumes the shortest TTI for LTE to be 0.5ms. Such short TTI is important to reduce latency within RAN especially for delay sensitive services (e.g. VoIP and high bit rate TCP).

However, there are also motivations to have longer TTI in LTE. We identify the following to objectives in having longer TTIs for LTE.

1) To reduce overhead

For non-delay sensitive traffic, the network could select longer TTI to reduce overhead related to RLC/MAC header and associated L1/L2 control signaling (e.g., downlink scheduling information and/or uplink scheduling grant [3]). This may be helpful for especially to improve data rate for users in bad channel condition. In addition, we think that the reduction of L1/L2 control channel signaling could be beneficial since the number of possible L1/L2 control channels multiplexed within a sub-frame would be limited even for the wider bandwidth [4].
2) To increase L1/L2 control channel coverage

The second objective to use longer TTI length is to increase the coverage of the L1/L2 control channel for users near the cell edge of larger cells (e.g., in a rural area) by applying the repetition of the L1/L2 control channel.
Considering these two main objectives, the control principle of the TTI length control is discussed in the following section.
2.2
Control principle for the variable length TTI
2.1.1 Scheduling mode (dynamic or semi-static control)
Currently, several options are proposed for the operation of the TTI length control.

(a) Dynamic but only for first transmission of HARQ
(b) Semi static, cell-specific or UE specific

(c) Static

One of our motivations for the variable TTI length control is to control TTI length adaptively during the connection according to the channel condition. Therefore we need either dynamic or semi-static control. Whether the control of the TTI length should be dynamic or semi-static depends on the expected performance gain. However, in order to reduce system complexity, we think it is sufficient to support only semi-static control in order to achieve the objectives mentioned above.
Proposal 1a: Semi-static TTI length control should be supported.

Proposal 1b: Dynamic TTI length control is not needed.
2.1.2 Candidate of the possible TTI length
Support of two types of longer TTI
Two types of longer TTI should be considered for the different objectives. The difference in the two types of longer TTI is whether the L1/L2 control channel is repeatedly transmitted in multiple sub-frames within the TTI or not. For one type of longer TTI, the L1/L2 control channel needs to be transmitted repeatedly to increase coverage of the L1/L2 control channel. For the second type of longer TTI, the L1/L2 control channel is transmitted only once to reduce the L1/L2 control channel overhead.

1) Longer TTI type 1 is used to extend coverage of the L1/L2 signaling (e.g., 2, 4 sub-frames)
2) Longer TTI type 2 is used to reduce L1/L2 signaling overhead (e.g., 10 sub-frames)

The number of possible TTI length
We think the number of possible TTI length should be limited by the standard (e.g. only 4 TTI lengths) to reduce impact on implementation and testing complexity.

Proposal 2a: Two types of longer TTI should be supported.

Proposal 2b: Number of possible TTI lengths should be limited to small value (e.g. 4) by the standard.
2.1.3 Signaling for variable TTI length control

The following parameters must be signalled from eNB to UE for variable TTI length control.
· Signaling of the actual TTI length
· Signaling of the type of TTI (for longer TTIs as described in section 2.1.2)
Signaling of the assigned TTI length over the L1/L2 control channel for dynamic TTI length control is assumed in the RAN1 TR [3]. However, we think that semi-static TTI length control would be sufficient, and in this case, these control information need to be signaled with high reliability (at least similar reliability to UMTS RRC) to avoid mismatch of the state variables between the eNB and the UE. Therefore, signaling of the TTI length should be done by RRC.
Proposal 3: Parameter (re-)configuration for the TTI length control should be done by RRC.
2.1.4 Control granularity (per UE or per radio bearer control)
Granularity of the TTI length control also needs to be clarified. If TTI length is to be controlled on a per radio bearer basis instead of a per UE basis, some TTI information must be signaled on the L1/L2 control channel. To avoid this, we think that TTI length can be controlled on a per UE basis. However, it might be beneficial in controlling the TTI lengths for radio bearers handled by dynamic scheduling and radio bearers handled by persistent scheduling separately.
Proposal 4: The TTI length should be controlled on a per UE basis for all radio bearers handled by dynamic scheduling. It may be beneficial to separately control the TTI for radio bearers handled by persistent scheduling.
2.1.5 Limitation of the allocation timing of the packet scheduler

In order to reduce system complexity, we may consider further simplification. Another example of such simplification for the variable TTI length control is limitation of the scheduling timing of the first sub-frame within the TTI. We also think some rules for the resource allocation timing for multiple TTI lengths that could be used simultaneously in a cell is necessary in order to reduce the complexity especially for UL where synchronous HARQ will be used.
Proposal 5: Some limitations for allocation timing of the first sub-frame within the TTI may be necessary.
3
Proposal
We propose to include the agreeable parts of the discussion for variable TTI length control in chapter 2 to the MAC specification.
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