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1. Introduction

For the random access, a contention-based physical random access channel has been defined [1]. For the generic frame structure, a random access (RA) window occupies a sub-frame of 1ms or multiples thereof. For the alternative frame structure, a smaller RA window results due to the smaller sub-frame duration of 0.675ms or use of the shorter UpPTS timeslot. TDD random access differs from FDD random access because of the following TDD features

· Additional guard periods are needed for the UL-DL switch and the DL-UL switch.

· Due to the UL/DL imbalance, there may only be a single UL sub-frame per frame, preventing the possibility of concatenating multiple UL sub-frames to support large cells.

The general concern for RA in TDD is the shortening of the RA preamble sequence length. It has also been suggested to sacrifice the cyclic prefix in aTDD systems in order to lengthen the preamble sequence.

2. Random access preamble for gTDD
The random access preamble format for the generic frame is shown in Figure 1. The preamble sequence occupies 
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 in case one sub-frame is reserved for random access.
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Figure 1. RA preamble format for gTDD
The CP preceding the preamble sequence will allow the eNodeB to apply preamble detection in the frequency domain. In the FDD case, the FFT window will be aligned to cover both early and late reception from close-by and far-end UEs, respectively, see Figure 2.
For TDD, there is a need to create additional guard periods before and after the preamble in order to allow for DL-UL switching and UL-DL switching. Without any measures, these extra guard periods would come at the expense of the initial 0.1ms guard period TGT which takes into account the unknown round-trip delay. As a consequence, the maximum cell radius that can be supported would be reduced.
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Figure 2. Preamble detection of early and late arrival.
In order to create additional guard period for DL-UL switch and UL-DL switch, truncation of the DL transmission [2,3] and uplink transmission [3] has been proposed. This guard time can be exploited when the RA window in TDD directly follows the DL-UL switch. By using a fixed timing advance, the preamble can be transmitted earlier than the end of the previous sub-frame (as experienced in the UE) which is assumed in the FDD case of Figure 2. It should further be noticed that any interference (from other eNodeBs or UEs) in the area outside the FFT window will not affect the detection performance. Therefore, it is proposed to give a fixed timing advance to the RA preamble equal to TCP as is shown in Figure 3. Figure 3 shows the timing situation at eNodeB. The FFT window will start at the sub-frame edge. Notice that due to the timing advance, the CP length TCP has been increased to 
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where TUD is the UL-DL switching time. Furthermore, the effective guard period has been increased to the same amount. With TUD in the order of a few microseconds, the timing advance concept has greatly improved the maximum cell size of the RA procedure (almost twice). If we keep the preamble sequence duration TPRE=800s, we will have a guard period TGP of about 200s which would support cell sizes up to 30km. Alternatively or in addition to, one could increase the preamble sequence length TPRE (at the expense of TGP) to increase the preamble energy Ep. Several optimizations are possible as long as the following condition is satisfied:
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Figure 3. Fixed timing advance for the gTDD RA preamble.
It should be noted that unlike in FDD where such a large timing advance would cause collision with preceding UL sub-frames, in TDD, only a DL sub-frame precedes the RA window. Because typically TCP > TDU, the CP of the RA preamble transmission may affect the DL performance of nearby UEs. However, it should be noted that propagations conditions to nearby UEs are NLOS most of the cases, and the transmission of RA preambles is very infrequent. Alternatively, one could increase TDU by further truncation of the last DL sub-frame.
3. Random access preamble for aTDD

In the alternative frame structure, the performance is limited by the short RA window. Therefore it has been proposed to use preamble formats without a CP [4]. This will complicate the receiver design as no frequency-domain processing is possible. However, in the previous section it has been shown that a cyclic prefix can be added without a reduction of the effective preamble length. It is proposed to combine the UpPTS field with the first UL slot (slot #1) to form a 0.8ms RA window, see Figure 4. Various optimizations of the cyclic prefix length TCP and preamble sequence length TPRE are possible as long as the following condition is satisfied:
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With this setup, the RA performance of aTDD can approximate the RA performance obtained in gTDD and FDD.
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Figure 4. Fixed timing advance for the aTDD RA preamble.

4. Conclusions
For TDD, it is proposed to apply a timing advance to the RA preamble transmission and to consider the switch time at the uplink-to-downlink switch when designing the RACH preamble and timing advance. 

Further, if the RA window is placed after a DL period, it is proposed to apply a large fixed timing advance to the TDD RA preamble transmission. This allows the CP in gTDD to be extended so that cell ranges up to around 30km can be handled even with a single UL subframe. It also allows the insertion of a CP in aTDD. The Timing Alignment value should be equal to the CP length. For aTDD, it is furthermore proposed to merge the UpPTS field and the first UL slot into a single RA window.
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