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1. Introduction
To efficiently utilize the unpaired spectrum across the world it is proposed to use similar base band structure and numerology for FDD and TDD duplexing mode.  This contribution discusses, TDD numerology key drivers and considerations for TDD alignment with FDD.   
2. TDD Structure
The general radio frame and sub-frame structure of DL unicast OFDMA and single carrier UL is shown in Figure 1.  . Idle symbols are required only at DL/UL switching points. The idle period, required in the Node B at UL/DL switching points, is created by timing advance means.
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Figure 1.  Radio Frame Structure of EUTRA TDD.
3. TDD Design Drivers

· TDD Frame Structure: The TDD frame is composed of multiple sub-frames of length 0.5 ms which includes DL transmission, UL transmission and idle period which is required for UL/DL switching point. It may be noted that a TTI is composed of two 0.5ms sub-frames.  Further, it is suggested that the maximum TDD frame size be 5 ms.  
· Multiple vs. Single switching point configuration: In multiple switching point configuration there are multiple switching points within a TDD frame whereas there is only a single switching point within a TDD frame for single-switching point configuration.  It is proposed to only use single switching point configuration with either symmetric or asymmetric DL/UL allocation for LTE TDD so as to reduce the idle period overhead.
· DL Reference Symbols: The reference symbol structure will be same as that of FDD where two reference symbols are used per 0.5 ms sub-frame with one reference symbol at the beginning of the sub-frame.
· DL Synchronization Channel: The structure of the DL synchronization channel should be similar to FDD synchronization channel.  The synchronization channel should occur once every other TDD frame (once per radio frame if TDD frame size is 5 ms) with the primary and secondary SCH placed in the beginning of the DL sub-frame.
· DL Control Channel: The DL control channel should occupy one to n symbols in the beginning of the DL TDD frame if TDM structure is adapted for FDD.  The UE control fields are encoded separately (similar to FDD) and power controlled.  But the bit requirement for category-1 (DL and UL) will be different than FDD since the number of addressable resource blocks (RBs) is larger.
· DL/UL Resource Block Allocation: In line with FDD, it is proposed to have RB allocation of 12 sub-carriers for DL/UL.
· DL and UL Numerology: The DL and UL numerology will be the same as the FDD mode.
· Random Access Channel: The random access channel design should be same as FDD.  The random access channel should occur once every other TDD frame or every other TDD frame for TDD frame size of 5ms.
· UL CQI and ACK/NACK: In line with FDD there should be two cases for transmission of non-data associated control signaling, a) for simultaneous transmission of user data and control signaling, the data and control bits are multiplexed prior to the DFT precoder , b) for transmission of control signaling by itself a time frequency region (e.g. RBs at carrier band edge) is reserved for control signaling.  For the TDD case the ACK/NACK and CQI are sent every TDD frame (e.g. 5ms) as opposed to FDD where they are sent on a TTI basis.
· UL Sounding Channel: To take advantage of reciprocity in a TDD system, a symbol should be reserved in the UL for sounding channel.  The sounding channel is used for closed loop MIMO and beamforming application.
4. Conclusions

A flexible duplexing structure using OFDMA DL and DFT-SOFDM UL using common baseband implementation should be used for FDD and TDD.  Wherever possible, maximum commonality should be maintained with FDD.
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