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Frame Structure for 5, 10 and 20 MHz bandwidth with 1/4 Tb CP length

Jia-Hao Wu, Yu-Tao Hsieh, Pang-An Ting

ITRI

1. Introduction
According to the current version of SDD [1] and IEEE 802.16m amendment working document (AWD) [2], the OFDMA numerology with cyclic prefix (CP) length equal to 1/4 Tb has been defined. The OFDMA symbols with this longer CP structure are expected to be used for long delay spread channel. For example, delay spread  of MBSFN channel model for 5 km cell inter-site distance is about 24.5 microseconds [3]. However, the frame structures for CP equal to 1/4 Tb have not been defined yet. In this contribution, amendment text including several illustrations is proposed to provide the frame structures for the long CP scenario.
2. Proposed Frame Structure for 5, 10 and 20MHz with CP = 1/4 Tb

2.1 Design Criteria

Following we will discuss some design criteria when considering frame structures for CP = 1/4 Tb. This kind of long CP frame structure is mainly used to mitigate inter-symbol interference (ISI) in long delay spread channel. For example, it may be adopted for dedicated MBSFN carrier which contains only downlink broadcasting subframes. Besides, when transmitting uplink control channel in large cells, long CP frame structures can be used to accommodate diverse round-trip delay(RTD).

To follow the regulations of current SDD, we take following criteria into considerations:

· For 5, 10 and 20 MHz bandwidth, there shall be 8 subframes in a radio frame.

· A radio frame is composed of type-1, type-2 and type-3 subframes which are defined in both SDD and AWD.

· The first subframe of a radio frame shall not be type-3 which only contains 5 OFDMA symbols since the SCH would be allocated for synchronization purpose.

2.2 Frame structure for 5, 10 and 20 MHz

In the current SDD, three types of subframes have been defined, i.e., type-1 with 6 symbols, type-2 with 7 symbols, and type-3 with 5 symbols. Moreover, there shall be 8 subframes in a radio frame with 5, 10 and 20 MHz bandwidth. In order not to violate the frame structure regulation in current SDD and to meet the designated numerology in AWD, we propose following frame structures for TDD and FDD transmission modes.


2.2.1 TDD frame structure
There are two possible frame structures for CP=1/4 Tb with TDD transmission modes. One contains two type-1 subframes and six type-3 subframes in a radio frame. The other contains one type-2 subframe and seven type-3 subframes in a radio frame. Figure 1 and 2 illustrate the TDD frame structure A and B for CP=1/4 Tb. The downlink and uplink ratio (D:U) is 8:0 which only contains DL subframes. Frame structure with other downlink and uplink ratio can be generated by dividing 200-microsecond idle time duration into TTG and RTG at the switching points.
Although there are two possible frame structures that can meet the criteria stated before, we are more fond of the frame structure (A). It is because the last subframe is type-1 rather than type-3 and may be more feasible when uplink transmission is allocated.
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Figure. 1 Downlink-only frame structure (A) for 5, 10 and 20 MHz TDD with CP = 1/4 Tb 
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Figure. 2 Downlink-only frame structure (B) for 5, 10 and 20 MHz TDD with CP = 1/4 Tb

2.2.2 FDD frame structure

In the FDD transmission mode, there are also two possible frame structures when taking aforementioned design criteria into considerations. One contains three type-1 subframes and five type-3 subframes. The other contains one type-1 subframe, one type-2 subframe and six type-3 subframes. Figure 3 and 4 show the two kinds of FDD frame structures. In order to make frame structure as simple as possible, the frame structure (C) is preferable since it is only composed of two subframe types. 
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Figure. 3 Frame structure (C) for 5, 10 and 20 MHz FDD with CP = 1/4 Tb
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Figure 4. Frame structure (D) for 5, 10 and 20 MHz FDD with CP = 1/4 Tb
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4. Text proposal for the 802.16m amendment
============================== Start of Proposed Text ================================

[Insert the following text and illustration after Figure 402 on page 26 and modify the involved clause indices:]
15.3.3.4 Frame structure for CP = 1/4 Tb
15.3.3.4.1 TDD Frame structure
The TDD frame structure with CP = 1/4 Tb shall consist of type-1 and type-3 subframes. For channel bandwidth of 5, 10, 20 MHz, TDD frame shall have two type-1 subframes and six type-3 subframes. Furthermore, the first and the last subframes within each frame shall be type-1 subframe.

Figure XXX illustrates an example of TDD frame structure for 5, 10 and 20 MHz with CP = 1/4Tb. The type-1 and type-3 subframe durations are 0.6857 ms and 0.5714 ms, respectively. The figure shows downlink only transmission mode which may be applied to enhanced multicast broadcast service (E-MBS) dedicated carriers.
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Figure. XXX—TDD frame structure for 5, 10 and 20 MHz with CP = 1/4Tb
15.3.3.4.2 FDD Frame structure

The FDD frame structure with CP = 1/4 Tb shall consist of type-1 and type-3 subframes. For channel bandwidth of 5, 10, 20 MHz, TDD frame shall have three type-1 subframes and five type-3 subframes. Furthermore, the first, seventh and the last subframes within each frame shall be type-1 subframe.

Figure YYY illustrates an example of TDD frame structure for 5, 10 and 20 MHz with CP = 1/4Tb. The type-1 and type-3 subframe durations are 0.6857 ms and 0.5714 ms, respectively.
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Figure. YYY—FDD frame structure for 5, 10 and 20 MHz with CP = 1/4Tb
============================== End of Proposed Text =================================
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