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1. Introduction

In the LTE standardization, both FDD and TDD are considered [1, 2]. The general aim is to keep large commonality between the two duplex methods. Because TDD radio transceivers in the UEs and eNodeBs cannot transmit and receive simultaneously and because of the non-zero propagation delay of the radio waves traveling through the air, idle periods are needed to avoid self-interference between uplink and downlink in the same transceiver. The idle periods may also be chosen to avoid interference between uplink and downlink between different terminals (UE-to-UE interference) and between eNodeBs (eNodeB-to-eNodeB interference).  

For the TDD, two frame structures have been proposed. In this contribution, the creation of idle periods for the generic frame structure is discussed.

2. Discussion

The timing of the UE is strictly synchronized to the downlink signals received from the eNode B. At the eNodeB, the uplink and downlink sub-frames are preferably aligned such that ten 1ms sub-frames fit into a 10ms frame. In Figure 1, an example of the generic TDD frame structure is shown with two switching points A and B. 
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Figure 1. Generic frame structure with two switching points A and B.

Let us first discuss the required idle period from a self-interference perspective. When switching from UL to DL (point B), a short idle period (IP) is required for the eNode B and UEs to retune their transceivers. This switching point can be created by timing alignment of the uplink signals and will not be further discussed in this document. When switching from DL to UL (point A), a larger IP is required since the maximum round-trip delay (RTD) needs to be incorporated. The maximum RTD depends on the cell size; the DL-to-UL IP is preferably configurable.

The idle period can be created by puncturing symbols in the sub-frames. In [1] and [3], it was proposed to remove the trailing symbols of the DL slot preceding the DL-to-UL switching point. Two OFDM symbols, corresponding to an IP of about 143 s (assuming normal CP), can be sacrificed, see Figure 2a. The next symbol to sacrifice would be a reference symbol (RS) which would compromise reliable detection of the last DL slot. An alternative method, or in order to create even larger IP without sacrificing reference symbols, is to also puncture the leading symbols of the first UL slot, see Figure 2b. Based on the recently modified UL slot structure with a single RS as mid-amble, at least to two pre-coded OFDM symbols can be punctured providing an (additional) IP of about 143s. In total, neglecting UE switch times and the switch time at the transmission from uplink to downlink, the corresponding cell range would be around 40km.

In [3], it was argued that UL puncturing would require modification in the random access (RA) procedure. However, the RA procedure as described in [4] already takes into account the unknown RTD by providing an idle period of minimally 100 s in the RA sub-frame. From a self-interference perspective, we may therefore keep the RA procedures the same for LTE FDD and LTE FDD based on the generic frame structure. 

Regarding eNodeB-to-eNodeB interference, it may be noted that the propagation conditions between eNodeBs with elevated antennas and between eNodeBs and UEs may be very different. As pointed out in [5] it is important to consider when planning a TDD network.  However, to ease radio network planning for a synchronized network it may still be desirable to extend the idle periods at the transition from DL to UL in order to avoid interference due to propagation delays between UL and DL at the beginning of the UL.  If the RACH is then placed in the first UL sub-frame, and assuming that the receiver ignores the 100 s cyclic prefix of the preamble, a total idle period of around 243 s corresponding to a distance of around 70 km can then effectively be created for this purpose by puncturing the last two symbols of the last DL sub-frame. On the traffic channels, a corresponding idle period can be created by puncturing the first two UL symbols.  Alternatively, the RACH need not to be allocated to the first sub-frame.

If even larger idle periods are needed, a possible solution is to use entire slots, extending the idle period with 500 s. These slots could be taken from DL sub-frames or UL sub-frames, depending on the required UL/DL allocations.

It should be noted that the co-existence issues discussed [1] may require additional idle symbols.

3. Conclusion

For the LTE TDD mode, the required idle period at the DL-to-UL switching point can be realized by puncturing both the last two symbols of the DL slot preceding the switching point and the first two (or possibly three, depending on the cyclic prefix length)  symbols of the first UL slot following the switching point.  If even larger idle periods are needed, entire DL or UL slots could be made idle. Preferably, no reference symbols are punctured. The RA method in TDD is identical to the RA method in FDD.
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Figure 2. Idle period creation by puncturing with a) downlink slot with up to two punctured symbols #5 and #6, and b) uplink slot with up to three punctured slots #0, #1, and #3.
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