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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 addresses the precise use of additional symbols for Half Duplex (HD) UEs, i.e., TDD UEs and HD FDD UEs: 

· 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 spectral efficiency gains with link adaptation and channel-dependent frequency scheduling, taking into account BS-to-BS interference in TDD [5].
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 all symbols of the sub-frame, except the last one, whereas a farther HD UE will only be able to receive 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 with short cyclic prefix (CP) (22.6 km for long CP), 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. 

We propose to maintain transmission of reference symbols in every resource block. 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.

In TDD, maintaining the transmission of reference signals during the idle period for a better performance in downlink results however in an increase of BS-to-BS interference which leads to a very small decrease of uplink spectrum efficiency. The uplink mean spectrum efficiency has been evaluated by system simulations (see details in Annex) and the degradation compared to cell-specific idle period without reference signal transmission is lower than 0.8% if reference symbols are transmitted in all resource blocks (mode 1) and lower than 0.4% if reference symbols are only transmitted in resource blocks allocated to close UEs able to use them (mode 2) (see Table 1).

Note that the downlink mean spectral efficiency gain resulting from channel estimation improvement has not been evaluated.

	Cell radius (km)
	UL mean spectral efficiency without reference symbols in additional symbols (bit/s/Hz)
	UL mean spectral efficiency with reference symbols in additional symbols (mode 1) (bit/s/Hz)
	UL mean spectral efficiency with reference symbols in additional symbols (mode 2) (bit/s/Hz)
	Mean spectral efficiency decrease with reference symbols in additional symbols (mode 1)
	Mean spectral efficiency decrease with reference symbols in additional symbols (mode 2)

	20
	1.851
	1.846
	1.847
	0.3%
	0.2%

	25
	1.640
	1.637
	1.638
	0.2%
	0.1%

	30
	1.411
	1.400
	1.406
	0.8%
	0.4%


Table 1: Uplink mean spectral efficiency (link adaptation and max C/I scheduling) in sub-frames following a switching point for TDD UEs with reference symbols in additional downlink symbols.

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, we propose to extend the resource blocks allocated to a HD UEi 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 29.7 km).
No signalling

No additional signalling is required as resource blocks are just extended with same Modulation and Coding Scheme (MCS). Both the Node B and the HD UE 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.

Interference profile

The interference profile is kept the same as resource blocks are just extended with same power.

HD-FDD spectral efficiency increase

Table 3 presents the downlink mean spectral efficiency increase for different cell radii for HD FDD UEs. The results show a significant increase of the cell throughput, especially for very large cells. HD FDD does not suffer from BS-to-BS interference.

	Cell radius (km)
	DL mean spectral efficiency with cell-specific IP (bit/s/Hz)
	DL mean spectral efficiency with RB extension (bit/s/Hz)
	Mean spectral efficiency increase with RB extension

	10
	1.957
	2.101
	+7.4%

	15
	1.893
	1.981
	+4.6%

	20
	1.609
	1.805
	+12.2%

	25
	1.413
	1.558
	+10.3%

	30
	1.092
	1.307
	+19.7%


Table 3: Downlink mean spectral efficiency (link adaptation and max C/I scheduling) in sub-frames containing a switching point for HD FDD UEs with RB extension.

TDD spectral efficiency increase

Table 4 presents the mean spectral efficiency increase for different cell radii, resulting from the downlink spectral efficiency increase and the uplink spectral efficiency decrease due to BS-to-BS interference increase. The results show an increase of the cell throughput for cell radii larger than 20 km. A small decrease can be observed for medium cells (10-15 km), the effect of which may however be mitigated by appropriate interference coordination.

	Cell radius (km)
	DL mean spectral efficiency with cell-specific IP (bit/s/Hz)

(*)
	DL mean spectral efficiency with RB extension (bit/s/Hz)

(*)
	UL mean spectral efficiency with cell-specific IP (bit/s/Hz)

(**)
	UL mean spectral efficiency with RB extension (bit/s/Hz)

(**)
	Mean spectral efficiency increase with RB extension

(4 switching points)
	Mean spectral efficiency increase with RB extension

(3 switching points)
	Mean spectral efficiency increase with RB extension

(2 switching points)

	10
	1.957
	2.101
	2.067
	1.856
	-1.3%
	-1%
	-0.6%

	15
	1.893
	1.981
	1.977
	1.728
	-3.3%
	-2.4%
	-1.6%

	20
	1.609
	1.805
	1.851
	1.708
	+1.2%
	+0.9%
	+0.6%

	25
	1.413
	1.558
	1.640
	1.594
	+2.5%
	+1.8%
	+1.2%

	30
	1.092
	1.307
	1.411
	1.388
	+5.9%
	+4.3%
	+2.8%


Table 4: Mean spectral efficiency (link adaptation and max C/I scheduling) for TDD UEs with RB extension ((*): DL sub-frames containing a switching point; (**): UL sub-frames following a switching point).

CDF curves presented in Fig. 4-8 show that the UEs benefiting from RB extension use the MCSs with high spectral efficiency.

4 Summary

In this contribution, UE-specific idle period reservation is proposed for half-duplex communications in order to increase active transmission and improve performance for large cells. 

Additional symbols which can be processed by HD 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

· very low uplink degradation through BS-to-BS interference in TDD

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

· spectral efficiency improvement in HD FDD

· spectral efficiency improvement in TDD for cell larger than 20 km

· FFS for TDD where interference coordination could bring improvement for medium cells.

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 

· and to allow transmission of reference symbols during the idle period for TDD communications.
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6 Annex: System simulations

In each snapshot of a static simulator, 5000 UEs are associated to 19 Node Bs with 3 sectors. In each sector, DL data are transmitted to a random subset of 25 UEs (2 RBs per UE), UL data are transmitted from a random subset of 50 UEs (1 RBs per UE). Frequency scheduling on these 25 or 50 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 5000 UEs

	Layout
	Wrap-around on 19 cells with 3 sectors

	Cell radius
	10, 15, 20, 25, 30 km

	System spectrum allocation
	10 MHz

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

	UL system load
	Full load in all cells, 50 scheduled UEs per sector, every UE on 1 RB

	Channel-dependent scheduling
	Max C/I on a random subset of 25(DL)/50(UL) UEs in each sector

	Power control
	None

	ARQ
	No hybrid ARQ

	Channel estimation
	Perfect

	Interference coordination
	None

	BS-to-UE path loss model
	Max(Rural Hata model [7], EPM-73 [6])

	BS-to-BS path loss model
	EPM-73 [6]

	Carrier frequency
	2 GHz

	Node B transmit power
	46 dBm

	Node B antenna height
	30 m

	UE antenna height
	1.5 m

	Channel model
	6-path TU

	Antenna configuration
	Downlink 2x2 (Alamouti), uplink 1x2 

	DL MCS set
	16 MCSs (from QPSK 1/8 to 64-QAM 4/5)

	UL MCS set
	13 MCSs (from QPSK 1/8 to 16-QAM 4/5)

	Idle period overhead
	Included

	CP, pilot and control overhead
	Not included

	Turbo decoding
	Max-Log MAP algorithm


Table 5: Parameters of system level simulations.
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Fig. 4: Pathloss models for BS-to-BS and BS-to-UE propagation.

We use the EPM-73 path loss model [6] for BS-to-BS propagation (high h/( model for an antenna height much higher than the wavelength), suitable for carrier frequencies up to 10 GHz and large distances. The model contains three propagation regions: the reflection region, the diffraction region and the tropospheric scatter region. For the BS-to-UE propagation, we use the maximum between loss with the rural Hata model (COST 231 model with an additional Hata’s term to distinguish a rural area from a urban one [7]) and the loss with the EPM-73 model. Taking the maximum between the two models prevents from having a BS-to-UE pathloss lower than a BS-to-BS pathloss for a given distance.
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Fig. 4: CDF of downlink and uplink spectral efficiencies (cell radius = 10 km)
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Fig. 5: CDF of downlink and uplink spectral efficiencies (cell radius = 15 km)
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Fig. 6: CDF of downlink and uplink spectral efficiencies (cell radius = 20 km)
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Fig. 7: CDF of downlink and uplink spectral efficiencies (cell radius = 25 km)

	[image: image12.wmf]0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Spectral efficiency (bit/s/Hz)

CDF

Cell-specific (mean=1.0922)

RB extension (mean=1.3067)


Downlink
	[image: image13.wmf]0

0.5

1

1.5

2

2.5

3

3.5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

Spectral efficiency (bit/s/Hz)

Cell-specific (ean=1.4110)

Pilots only -mode 1 (mean=1.4003)

Pilots only - mode 2 (mean=1.4057)

RB extension (mean=1.3885)


Uplink


Fig. 8: CDF of downlink and uplink spectral efficiencies (cell radius = 30 km)
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