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1 Introduction

During the LTE RAN1 Ad Hoc meeting in June, several sections of TR 25.814 [1] were drafted on different multiple access techniques, either with Frequency Division Duplex (FDD) mode or with Time Division Duplex (TDD) mode. In two of the current proposals with TDD mode, block-wise transmission is performed with periodic insertion of a cyclic prefix (OFDMA or SC-FDMA). In this contribution, we will call block, the set of samples including the cyclic prefix (e.g., an OFDM symbol or a block of SC-FDMA). This block structure of data is taken into account when dimensioning the idle period needed in TDD between timeslots. Indeed, in [1, section 6.2.1], the idle period duration is chosen as a multiple of block durations. 

It allows adapting the idle period duration with respect to the cell size while keeping same transmission parameters among timeslots of a same link. Furthermore, as OFDMA and SC-FDMA are also proposed for FDD, a maximum commonality between TDD and FDD is guaranteed [3]. 

In this contribution, we propose to suppress in the frame structure of [1, section 6.2.1] the unnecessary idle periods located between two successive downlink slots, in order to increase spectral efficiency. We show the gain in data rate obtained by using this adaptive frame structure instead of less flexible approaches. 

2 Different approaches for idle period 

2.1 Method 1: Systematic insertion

An idle period of constant duration is inserted between each timeslot, regardless of the uplink/downlink repartition in the frame (cf. Fig. 1). 

· Advantage: low complexity, all timeslots of a same link have a same number of blocks.

· Drawback: inclusion of unnecessary idle periods between two downlink slots.
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	Figure 1: Frame with systematic insertion of idle period (IP) between timeslots


2.2 Method 2: One switching point only

A single large downlink slot is transmitted before a single large uplink slot. One idle period is inserted after the downlink slot, another one after the uplink slot (cf. Fig 2).

· Advantage: optimal spectrum usage, lowest number of idle periods.

· Drawbacks: loss of flexibility in uplink/downlink repartition, which may result in latency problems and inaccuracy when using channel reciprocity.
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	Figure 2: Frame with one switching point only


2.3 Method 3: Flexible structure

With the flexible structure, we aim at having multiple switching points in the frame and idle period insertion between timeslots only when it is required. 

First, Fig. 3 illustrates the benefit of choosing an idle duration equal to a multiple of block durations. On Fig. 3.a, a timeslot with 8 OFDM symbols is depicted, which does not include an idle period. Fig. 3.b and 3.c describe two different approaches for idle period insertion. Either the idle period duration is chosen to be exactly equal to what is needed (Fig. 3.b, not in line with [1, section 6.2.1]) according to the cell radius, or it is chosen to be a multiple of OFDM symbol durations (Fig. 3.c, in line with [1, section 6.2.1]), which may result in over-dimensioning. In the first case (Fig. 3.b), compared to the slot structure without idle period (Fig. 3.a), the OFDM symbol duration has to be reconsidered. In contrast, in the second case (Fig. 3.c), OFDM symbol parameters remain unchanged. Same remarks are valid for SC-FDMA.

Idle period is not required between two downlink slots. Thus, using a slot format as specified in [1, section 6.2.1] and depicted in Fig. 3.c allows data transmission instead of idle period, while keeping same data block duration among downlink timeslots.
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	Figure 3: Idle period (IP) insertion in a timeslot of OFDM symbols


As a summary, the idle period duration in method 3 is chosen to be a multiple of the block duration and idle period is replaced by data between two successive downlink slots.

· Advantages: 

· multiple switching points supported (low latency, high channel reciprocity), 

· variable duration of idle period according to cell size supported,

· same block parameters in timeslots of a same link, including idle period or not,

· same block parameters in FDD and TDD supported

· increase of spectral efficiency through idle period suppression when possible.

· Drawbacks: 

· spectral efficiency decrease through idle period over-dimensioning,

· different downlink timeslot durations depending on the presence or not of the idle period.

3 Data rates achieved for different frame structures

We compare the downlink data rate of the proposed method 3 with method 1, using either an IP duration optimised according to the cell size (Method 1a) or an IP duration being a multiple of block durations (Method 1b), and method 2. In all methods except method 1a, the IP duration is compliant with [1, section 6.2.1]. Fig. 4 and 5 aim at showing the spectral efficiency of the different methods for a cell radius equal to 5 km [4]. The downlink data rate in Msymbols/s, or equivalently in Mega useful sub-carriers per second, is depicted versus the percentage of downlink timeslots in a frame. Note that, in this contribution, the downlink data rate is derived from the total number of useful sub-carriers in a downlink slot divided by the TTI. In this section, we focus on the OFDMA downlink. 

Fig. 4 depicts results with TTI=0.5ms using the parameters listed in [1, section 7.1.1] for 5MHz bandwidth. As a reference, the FDD data rate without idle period is depicted (FDD bound). Method 1b induces a data rate loss of 14% compared to the FDD case, which is prohibitive. With at least 30% of downlink slots, the data rate loss with method 2 compared to FDD is negligible (less than 2%). However, the counterpart is a loss of channel reciprocity. The proposed method 3 exhibits a good compromise between method 1 and method 2. Depending on the number of switching points, i.e., of remaining idle periods, data rate of method 3 ranges between data rates of method 1b and method 2. When averaging over the number of switching points (Method 3 average), method 3 outperforms method 1b as soon as there are at least two downlink slots in the frame. Even in the worst case (Method 3 worst case), i.e., when there are as many switching points as possible, method 3 outperforms method 1b when there are at least 50% of downlink slots in the frame. 

Note that compared to method 1a, spectral efficiency of method 1b is decreased as the idle period is higher than required by the cell size. As the idle period in method 1a is not a multiple of OFDM symbols, parameters suggested in [1, section 7.1.1] cannot be applied and a new set of parameters has to be chosen (cyclic prefix of 52 samples, 384-sample FFT, idle period of 352 samples, same sampling frequency and spectral occupancy as in [1, section 7.1.1]). For this optimised set of parameters, the degradation of method 1b compared to method 1a is however negligible.

Fig. 5 presents similar results for TTI=0.667ms [2] using parameters in [5]. New parameters used for method 1a are: cyclic prefix of 36 samples, 384-sample FFT, idle period of 280 samples. Sampling frequency and spectral occupancy are kept as in [5]. 

For both 0.5ms and 0.667ms TTI lengths, the negative effect of idle period over-dimensioning is negligible and spectral efficiency in downlink is increased on average by around 10% at the uplink-downlink symmetry by suppressing the idle period between consecutive downlink slots.

4 Summary and proposal

In this document, we summarize the advantages of a flexible timeslot structure in TDD frames in which idle periods have a duration equal to a multiple of the block duration [1, section 6.2.1]. 

We then propose to allow within the TDD frame different downlink timeslot structures, either with or without idle period, depending on the need or not of a switching point. 

Advantages of the proposed method are the flexibility (multiple switching points supported resulting in low latency and high channel reciprocity) with the ability to have same block parameters for different timeslots of a same link, for TDD and FDD, for different cell sizes, and the increase of spectral efficiency through idle period suppression when possible.
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	Figure 4: Data rate in downlink for different methods of idle period insertion

TTI=0.5ms - Parameter set in [1, sec. 7.1.1]
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	Figure 5: Data rate in downlink for different methods of idle period insertion

TTI=0.667ms - Parameter set in [5]
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