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1 Introduction

In half-duplex communications (TDD and half-duplex FDD), with the generic frame structure [1, section 6.2.1.2], a DL/UL idle period is reserved at every DL/UL switching point. The larger the cell, the larger the idle period. The idle period is created by making some multi-carrier symbols idle.

However, it has not been clarified which symbols exactly should be idle. The aim of this contribution is to discuss this point and its impact on the reference signals available in downlink and uplink sub-frames.

2 Generic frame structure

In the generic frame structure depicted in Figure 1, an idle period is reserved only at DL/UL switching points. This idle period is used to create both the DL/UL and the UL/DL idle periods, the latter period being adjusted thanks to timing advance mechanisms. The idle period duration is chosen as a multiple X of a symbol duration. X depends on the cell size, the larger the cell, the higher the value of X.
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Figure 1: Generic frame structure in stand-alone deployment.


3 Idle symbol position in uplink and downlink

Figure 2 describes several solutions to choose the position of idle symbols in order to reserve the idle period that is needed at a DL/UL switching point. Symbols to be idle may be chosen either from the downlink or from the uplink. The example shown corresponds to cell radii requiring two idle symbols. In downlink, blue hatched symbols are symbols carrying reference symbols. In uplink, green blocks are short blocks.

A straightforward solution is to reserve idle symbols from the last downlink sub-frame (DL solution) preceding the DL/UL switching point. As alternative solutions, in uplink, the idle symbols may be taken from the last symbols of the set of uplink sub-frames directly following the DL/UL switching point (UL solution 1), from the last symbols of the first uplink sub-frame following the DL/UL switching point (UL solution 2) or from the first symbols of the first uplink sub-frame following the DL/UL switching point (UL solution 3).

However, for maximising commonality between TDD and half-duplex FDD, it is desirable to have same half-duplex frame configuration in both cases. In case of half-duplex FDD, the Node B communicates with both half-duplex and full-duplex UEs. Thus, at the Node B receiver, the uplink sub-frames sent from half-duplex UEs must have same structure as uplink sub-frames sent from full-duplex UEs. Short symbols and long symbols must have the same position. From this point-of-view, UL solution 1 and UL solution 2 are not valid.

As a trade off solution, the idle symbols may be reserved partly from the preceding DL sub-frame, partly from the following UL sub-frame (UL/DL solution). It will require log2(N) signalling bits to describe how the N idle symbols are distributed among uplink and downlink, i.e., to signal how many idle symbols are reserved in downlink. In the extreme case of a 100 km cell radius, N = 10. Thus, 4 bits are needed in BCH in addition to the bits required to signal the number of idle symbols.

In case the idle symbols are reserved either from the preceding DL sub-frame (DL solution) or from the following UL sub-frame (UL solution 3), only one signalling bit is needed in BCH in addition to the bits required to signal the number of idle symbols.

4 Comparison of DL solution and UL solution 3

In Figure 3, we compare for various cell radii the sub-frame structures with UL solution 3 and DL solution. In Figure 4, DL solution with long cyclic prefix is depicted. In all cases, two uplink or downlink sub-frames are concatenated. 
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Figure 2: Different solutions for idle symbol positioning in the frame.

Due to the uplink short block position, which is closer to the beginning of the uplink sub-frame than the downlink reference symbol from the end of the downlink sub-frame, pilots are punctured in UL solution 3 with smaller cell radii (larger than 8.2 km). With DL solution, the puncturing of reference symbols only arises for cell radii larger than 19 km (22.5 km with long cyclic prefix). Thus, DL solution provides potentially better channel estimation performance.

However, thanks to a higher number of symbols per sub-frame, UL solution 3 offers a better granularity than DL solution and thus, a better match of the idle period duration with the cell radius. Furthermore, if SCH is located on the last symbol of a downlink sub-frame, the idle period can be reserved from the uplink, to avoid imposing that the sub-frame following the SCH channel is downlink.
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Figure 3: Frame configuration at a DL/UL switching point for various cell radii.
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Figure 4: Frame configuration at a DL/UL switching point for various cell radii (DL solution with long cyclic prefix).

5 Summary

At a DL/UL switching point, reserving the idle period from the preceding downlink sub-frame provides better channel estimation robustness for cell radii ranging from 8.2 to 19 km.

Reserving the idle period from the following uplink sub-frame provides slightly better idle period duration granularity and allows support of SCH located on the last symbol of a downlink sub-frame, with less constraint on the DL/UL repartition.

Therefore, we propose to keep flexibility in reserving the idle period from uplink or downlink. Idle symbols should be chosen in a semi-static way following DL solution and UL solution 3. The choice requires one bit signalling in BCH in addition to the bits required to signal the number of idle symbols. 

UL/DL solution requires a signalling of 4 bits in addition to the bits required to signal the number of idle symbols, which is not prohibitive. However, the gain brought by the additional flexibility in UL/DL solution compared to DL solution and UL solution 3 is not obvious.

In case a fixed position of the idle period is preferred to keep signalling as low as possible, we suggest to choose DL solution, which offers better pilot density for cell radii between 8.2 km and 19 km. Furthermore, depending on the chosen cell-search approach, SCH may not be an issue. The downlink throughput decrease due to the idle period may be compensated by appropriately choosing the ratio of downlink sub-frames in the frame.
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