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1 Introduction

In half-duplex communications, the user throughput is reduced due to the need of a DL/UL idle period (IP) at the switching points between downlink and uplink. To overcome this throughput degradation in large cells, which EUTRA also has to be designed for, we have shown in [3][4] how the long DL/UL idle period can be partially used for communication with UEs which are close to the Node B. The cell throughput can be significantly increased thanks to the transmission of additional symbols. 

This contribution focuses on half-duplex (HD) FDD UEs, which have to be managed jointly with full-duplex (FD) FDD UEs by the full-duplex FDD Node B. The contribution addresses the precise use of additional symbols: 

· reference signals are transmitted to allow more accurate channel estimation

· data are transmitted to increase frame efficiency by time extension of resource blocks allocated to close UEs 

In addition, system-level simulation results show the achievable throughput gains with link adaptation and channel-dependent frequency scheduling.
We assume all along this contribution that the idle period is taken from the downlink, except if explicitly stated.
2 UE-specific idle period

In the generic frame structure [1, section 6.2.1.2] 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 idle period and the UL/DL idle period, 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


From [2, section 7.4], EUTRA should be operated with optimal performance for cell radius shorter or equal to 5 km. However, EUTRA should also be operated in larger cells with radius up to 100 km. In this case, a cell-specific DL/UL idle period according to the cell coverage and common to all HD UEs of the cell may lead to excessive loss of active transmission duration, especially for UEs that are close to the Node B. 

Therefore, it has been proposed in [3][4] to allow a UE-specific idle period dimensioning for EUTRA half duplex operation: In a given cell, a close HD UE will have the opportunity to receive data in all symbols of the sub-frame, except the last one, whereas a farther HD UE will only be able to receive data on a smaller number of symbols. The number of symbols available for each HD UE is directly computed from the timing advance information that is already sent by the Node B to each UE.
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Figure 2: UE-specific DL/UL idle period.


Figure 2 depicts an example with a cell-specific downlink active transmission duration corresponding to 4 symbols (light blue) whereas the sub-frame duration corresponds here to 7 symbols. These 4 symbols correspond to the default part of the sub-frame. They can be received by all UEs of a cell with radius R0 = 29.7 km. Indeed, the required idle period for a cell radius R0 is 2R0/C + 16e-6, assuming that the sum of UL/DL and DL/UL switching times is 16 us. UE2 and UE3, which are at a distance smaller than R1 = 19 km, can receive an additional symbol (in yellow). UE1, which is at a distance smaller than R2 = 8.3 km, can receive two additional symbols. In contrast, UE4 and UE5 cannot process the additional symbols. 

3 Use of additional symbols

We consider two realistic approaches for using additional symbols, which provide either gain in channel estimation performance only or both gain in channel estimation performance and increase of cell throughput thanks to additional resource allocation. 

When additional resource allocation is allowed, control signalling of the sub-frame is not impacted. 

3.1 Reference symbols in the additional symbols

For cell sizes larger than 19 km, the idle period duration is at least equal to three OFDM symbols, from symbol 12 to symbol 14. However, the 12th OFDM symbol includes second reference symbols. In this case, we assume that transmission of reference symbols is maintained in every resource block whatever its allocation to a HD or a FD UE. This results in a performance benefit in channel estimation (incl. interpolation) for all close HD UEs, at a distance smaller than 19 km from the Node B, as well as for all FD UEs.

Similarly, this approach may be applied to uplink with a transmission of reference symbols in each resource block allocated to a close HD UE if the IP is taken from the uplink sub-frame following the switch.

3.2 Extension of resource blocks for eligible HD UEs

In order to not only increase the channel estimation performance but also the cell throughput, another option is to extend the resource blocks allocated to a HD UE i when it is able to receive Ni additional symbols, as depicted on Figure 3 for a sub-frame composed of 7 symbols. 
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Figure 3: UE-specific DL/UL idle period with resource block extension

(cell radius between 19 km and 30 km).
No signalling

No additional signalling is required as resource blocks are just extended with same MCS. Both the Node B and the HD UEs deduce this extension from the timing advance information. This allocation equally applies when the IP is taken either from the downlink or from the uplink. Furthermore, the sizes of transmitted blocks already exist in the system as they correspond to resource block sizes with smaller IP durations.

Frame efficiency increase

In the sequel, we adopt the 1 ms sub-frame duration.

In a first step, we evaluate the downlink frame efficiency, which is defined as the number of downlink modulated sub-carriers divided by the downlink duration and the cell spectrum allocation.

The DL frame efficiency increase brought by UE-specific idle period with resource block (RB) extension compared to cell-specific idle period is depicted in Table 1. In this first evaluation, it is assumed that all UEs use the same MCS. 

	Cell radius (km)
	Cell-specific IP
	RB extension
	Increase with RB extension

	10
	72%
	76.3%
	6%

	15
	72%
	73.8%
	2.5%

	25
	66.1%
	70.2%
	6.2%

	30
	60%
	68.8%
	14.7%


Table 1: Mean DL frame efficiency (link adaptation not included) of half-duplex FDD UEs.

With 15 km cell radius, the DL frame efficiency is increased from 72% to 73.8%. With 30 km cell radius, the DL frame efficiency is increased from 60% to 68.8%.

In order to perform a more accurate evaluation of the gain brought by the RB extension technique, we have run system level simulations. In each snapshot of a static simulator, 3000 UEs are associated to 19 Node Bs with 3 sectors. In each sector, data are transmitted to a random subset of 25 UEs (2 RBs per UE). Frequency scheduling on these 25 UEs is considered with Max C/I (channel dependent, best allocation of RBs according to the channel response). Detailed parameters are presented in Table 2.

	Static simulator
	100 snapshots with 3000 UEs

	Layout
	Wrap-around on 19 cells with 3 sectors

	Cell radius
	10, 15, 25, 30 km

	System spectrum allocation
	10 MHz

	System load
	Full load in all cells, 25 scheduled UEs per sector, every UE on 2 RBs

	Channel-dependent scheduling
	Max C/I on a random subset of 25 UEs in each sector

	Power control
	None

	ARQ
	No hybrid ARQ

	Channel estimation
	Perfect

	Interference coordination
	None

	Path loss model
	TR 25.814 Hata model

	Carrier frequency
	2 GHz

	Node B transmit power
	46 dBm

	Node B antenna height
	200 m

	UE antenna height
	1.5 m

	Channel model
	6-path TU

	Antenna configuration
	SISO

	MCS set
	16 MCSs (QPSK 1/8 – 64-QAM 4/5)

	Idle period overhead
	Included

	Pilot and control overhead
	Not included

	Turbo decoding
	Max-Log MAP algorithm


Table 2: Parameters of system level simulations.

Figure 4 presents the CDF of the spectral efficiency when the cell radius is 10 km. As expected, spectral efficiency of cell-edge UEs, which cannot benefit from additional symbols, is not improved by the method. However, the mean spectral efficiency over the cell is increased by 7.5 %. 

This increase is higher as the one presented in Table 1, since closer UEs, which benefit from the frame efficiency increase, have on average higher MCS than farther UEs. 
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Fig. 4: CDF of spectral efficiency (cell radius = 10 km)

Table 3 presents the mean spectral efficiency increase for different cell radii. The results show a significant increase of the cell throughput, especially for very large cells. Besides, it must be noted that both cell-edge throughput and cell throughput will be increased by using MIMO, HARQ and interference coordination. 

	Cell radius (km)
	Mean spectral efficiency with cell-specific IP
	Mean spectral efficiency with RB extension
	Mean spectral efficiency increase with RB extension

	10
	1.0438
	1.1217
	7.5%

	15
	0.7289
	0.7716
	5.9%

	25
	0.3081
	0.3523
	14.3%

	30
	0.1965
	0.2470
	25.7%


Table 3: Mean spectral efficiency (link adaptation and max C/I scheduling) of HD UEs.

4 Summary

In this contribution, timing-advance based resource allocation is proposed for half-duplex FDD communications in order to decrease the idle period duration for large cells. 

Additional symbols which can be processed by HD FDD UEs close to the Node B are used to transmit:

· either only reference symbols, which results in :

· Channel estimation improvement through time interpolation for close HD UEs

· In case of idle period taken from the downlink sub-frame, additional channel estimation improvement through frequency interpolation for close HD UEs and FD UEs

· or both data and reference symbols, which additionally brings:

· Spectral efficiency improvement

System level simulation results show significant average spectral efficiency increase when RB extension is used. These benefits exist for an IP taken either from uplink or downlink.

As a conclusion, we propose to include the concept of UE-specific idle period with RB extension in the working assumption for half-duplex FDD communications. 

It should be noted that the UE-specific idle period may also be considered for TDD operations. However, it impacts the TDD-specific BS-to-BS interference and therefore remains FFS.
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