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1 Introduction

This contribution deals with the generic frame structure for EUTRA half duplex communications, as described in section 6.2.1.2 of the TR 25.814 [1]. We show that the short UL/DL idle period can be created at the Node B through an appropriate use of timing advance. Thereby, it is no longer required to reserve for that purpose a full symbol in the frame structure. This saved full symbol can thus be used for data/pilot transmission without any complexity increase.

Note that, all along the contribution, sub-frame is replaced by slot, which means here 1/20th of the frame duration.
2 The generic frame structure

In the frame structure described in [1, section 6.2.1.2], an idle period is inserted only at switching points, when a downlink slot is followed by an uplink slot or when an uplink slot is followed by a downlink slot. The idle period duration is chosen as a multiple (X for the DL/UL idle period and X’ for the UL/DL idle period) of a symbol duration. Thus, in a stand-alone deployment, full flexibility is offered to the operator for setting the number of switching points and the DL/UL asymmetry without changing the basic transmission parameter set. The generic frame structure is depicted in Figure 1, X depends on the cell size and X’ is equal to one.
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	Figure 1: Generic frame structure in stand-alone deployment


3 Timing advance based UL/DL idle period

In the generic frame structure, the DL/UL idle period duration is adapted to the cell coverage by replacing a multiple number of DL and/or UL symbols by idle symbols. In that way, the same set of transmission parameters is used whatever the cell range. 

For the short UL/DL idle period (a few micro-seconds) that is required at each UL/DL switching point as written in [1, section 6.2.1.2], the reservation of a whole symbol duration (cf. Figure 1, X’=1), either from the preceding UL slot or from the following DL slot, leads to excessive over-dimensioning, and thus to a loss of spectral efficiency. 

As a better alternative (cf. Figure 2), it is possible to create the UL/DL idle period with timing advance mechanisms. Indeed, as a result of being a multiple of the duration of either DL or UL symbols, the preceding DL/UL idle period duration may be larger than the sum of the idle durations required at both DL/UL and UL/DL switching points. For instance, with a 5 km cell radius and parameters given in [1, section 7.1.1], a reservation of the DL/UL idle period taken out of the preceding DL slot leads to a DL/UL idle period duration of 71.35 us. In contrast, the DL/UL required idle duration is only 41 us, i.e., 33 us of round trip delay and approximately 8 us of switching time, whereas the UL/DL required idle duration is approximately equal to 8 us. In this case, as depicted in Figure 3, it is possible to shift in advance the alignment of UL slots at the Node B by adding to the conventional timing advance value transmitted to each UE a timing advance offset (t, which is larger than 8 us, lower than 30.35 us and common for all UEs, so as to create the needed UL/DL idle period without any specific reservation of symbols for this idle period. With the EUTRA parameters and a 5 km cell, neither the reservation of an UL/DL idle period nor an increase of the number of symbols reserved at the DL/UL switching point are needed. A reduction of the total number of idle symbols is thus obtained (X’’=X<X+X’)
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	Figure 2: Generic frame without reservation of an UL/DL idle period
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	Figure 3: Use of timing advance to create an UL/DL idle period 


4 Frame efficiency evaluation

To evaluate the method, the frame efficiency is calculated as the ratio of the average number of DL and UL modulation symbols per frame over the system bandwidth and the frame duration. For the generic frame structure, the parameters given in [1, section 7.1.1] and [1, section 9.1.1] are considered for DL OFDMA and UL SC-FDMA transmission respectively. We assume here a system bandwidth of 5 MHz but results may be easily extended to other bandwidths. We assume that the idle period is always reserved from the slot preceding the switching point.

Figure 4 depicts the frame efficiency versus the percentage of DL slots in a frame for a cell radius of 5 km. In Figure 4.a, the UL/DL idle period is created by reserving an idle symbol at the end of each UL slot preceding a DL slot, as currently considered in [1]. In Figure 4.b, the idle period is created without idle symbol reservation by adding a timing advance offset. The maximum (green) and minimum (red) frame efficiencies are depicted, which correspond to the minimum and maximum number of switching points respectively. The frame efficiency averaged over all possible numbers of switching points per asymmetry is also represented (black). At the UL/DL symmetry, the average frame efficiency is increased from 77.4% to 80.7% (4.3% gain) and the minimum frame efficiency, corresponding to the minimum latency, is increased from 72% to 78% (8.3% gain). This gain is obtained without any kind of additional complexity, as the timing advance value is only increased by a fixed amount, which is pre-defined in the system, for all UEs.
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a) with idle symbol based idle period
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b) with timing advance based idle period

	Figure 4: Frame efficiency with and without timing advance based idle period


5 Summary

In this contribution, we have proposed to improve the spectral efficiency of the generic frame structure for half-duplex communications by suppressing the UL/DL idle symbol. Thank to an appropriate use of the timing advance mechanism, we decrease the total idle period duration in a frame. The gain is obtained without complexity increase.

6 Text proposal

<<<<<<<<<<<<<<<<<<<<<<<<<<< start of text proposal>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

6.2.1.2 Approach 2 –Generic frame structure

The second approach uses a generic frame structure to support backward compatibility with existing UTRA TDD systems. The frame structure is aligned with E-UTRA FDD.
HCR-TDD coexistence

The HCR-TDD timeslot duration THCR-TDD is related to the E-UTRA sub-frame duration TE-UTRA of sections 7.1 and 9.1 / 9.2 according to the relationship:
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Hence, the E-UTRA uplink and downlink may be aligned with the HCR-TDD uplink and downlink provided that the HCR-TDD UL:DL timeslot split is of the form 
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, where n is an integer. In this case, the E-UTRA UL:DL split is
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. An example alignment of the HCR-TDD frame to the E-UTRA frame is shown in Figure  for a 6:9 UL:DL timeslot split. The flexible frame structure of HCR-TDD allows existing HCR-TDD deployments to be migrated to a 
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 timeslot split in readiness for a future E-UTRA deployment in an adjacent carrier. As per the LCR-TDD case, idle symbols / sub-frames may be inserted into the E-UTRA carrier when the HCR-TDD carrier does not utilise a 
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[image: image11]
Figure 6.2.1.2-1 - E-UTRA / HCR-TDD co-existence example for 6:9 UL: DL timeslot split
LCR-TDD coexistence

Coexistence between LCR-TDD and E-UTRA may be facilitated by inserting either idle symbols within the E-UTRA frame (these are required for the purposes of timing advance in any case) or idle sub-frames (which may either be inserted by the E-UTRAN scheduler dynamically or their existence may be signalled on the broadcast control channel). Applying a delay or frame offset between the LCR-TDD frame and the E-UTRA frame may allow the time allocated to idle symbols / sub-frames to be minimised. Figure 6.2.1.2-2 shows how coexistence between LCR-TDD with a 3:3 UL:DL traffic timeslot split and E-UTRA (operating in a TDD mode with the numerology of sections 7.1 and 9.1 / 9.2) can be facilitated. To increase spectral efficiency, the idle sub-frame of Figure 6.2.1.2-2 could be replaced by 4 data symbols followed by 3 idle symbols. Similarly, Figure 6.2.1.2-3 shows facilitation of coexistence of between LCR-TDD with a 2:4 UL:DL traffic timeslot split and E-UTRA. Note that the idle sub-frame shown in Figure 6.2.1.2-2 is only required for an adjacent E-UTRA carrier. For a non-adjacent E-UTRA carrier, the idle E-UTRA sub-frame can be replaced by either a downlink E-UTRA sub-frame or an uplink E-UTRA sub-frame.

[image: image12]
Figure 6.2.1.2-2 - E-UTRA / LCR-TDD co-existence example for 3:3 UL: DL timeslot split
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Figure 6.2.1.2-3 - E-UTRA / LCR-TDD co-existence example for 2:4 UL: DL timeslot split

In the case where there are no coexistence issues, this frame structure degenerates to frame structure of figure 6.2.1.2-4. This figure is for illustrative purposes only. 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 6.2.1.2-4: frame structure when there are no coexistence issues

<<<<<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>
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