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1. Introduction

Two in-band relaying schemes – the fake MBSFN subframe method [1] and the UL/DL band swapping [2] – were discussed and compared with each other [3]. Then, in the last meeting, it was agreed to support the fake MBSFN subframe method in LTE-A while leaving the band swapping FFS [4]. This contribution provides some simulation results on the backhaul link quality of the two relaying schemes. New types of inter-cell interference introduced by the band swapping method are analyzed as well.
This contribution is a revision of R1-091196.

______________________________________________________________________
2. Link Models and Simulation Scenarios
1. Physical Link Models
There are various types of physical links that connect one node (eNB, RN, or UE) to another. In addition to the ones defined in [5], we need to define some different types of physical links to evaluate the performance of relaying systems. Especially, separation of backhaul and access link antenna modeling at RN renders diverse link types connecting an RN to the other nodes. Figure 1 depicts the physical links considered in this contribution.
· Am link: Macro access link

This is the link between eNB and UE. The link gain is determined by path loss, eNB antenna pattern and gain, UE antenna gain, shadowing, and penetration loss. Link model is defined in [5].
· Ar link: Relay access link

This is the link between RN’s access antenna and UE. The link gain is determined by path loss, RN access antenna gain, UE antenna gain, shadowing, and penetration loss. Link model is defined in [5].
· B link: Backhaul link

This is the link between eNB and RN’s backhaul antenna. The link gain is determined by path loss, eNB antenna gain, RN backhaul antenna gain, and shadowing. Two link models are considered for the path loss of the link between donor eNB and RN; LOS model which is in the ITU-R evaluation guideline [6] and NLOS model which is in [5]. NLOS model is used for the B links to the eNBs other than the donor eNB and no penetration loss is assumed for all the B links.
· R link: Inter-RN link

This is the link between the backhaul antenna of an RN and the access antenna of another RN. The link gain is determined by path loss, RN backhaul antenna gain, RN access antenna gain, and shadowing. The NLOS path loss model of B link is used. Shadowing standard deviation is assumed to be 6dB. No penetration loss is assumed. An RN which is receiving backhaul signal from eNB is interfered through this link if another RN is transmitting its own DL access signal.
· X link: Inter-eNB link

This is the link between two eNBs. LOS and NLOS path loss models are assumed as the B link case. Neither shadowing nor penetration loss is assumed. An eNB which is listening to its UE’s UL transmission is interfered through this link if another eNB is transmitting backhaul signal in a UL.

· Y link: UE-to-RN backhaul link
This is the link between RN’s backhaul antenna and UE. Path loss and penetration loss are modeled according to the Ar link model. Shadowing is assumed to be the same as that of the Ar link. An RN which is receiving backhaul signal from its eNB via a UL subframe is interfered through this link if a UE near the RN is transmitting its own UL signal.
· Z link: eNB-to-RN access link
This is the link between RN’s access antenna and eNB. Path loss is modeled according to the B link model. Shadowing is assumed to be the same as that of the B link and no penetration loss is assumed. An RN which is receiving UL access signal is interfered through this link if an eNB is transmitting backhaul.
We note that X, Y, and Z links are taken into consideration only in the UL/DL band swapping case.
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Figure 1. Classification of physical links.

2. Backhauling Scenarios

We consider four different backhauling scenarios in this contribution. Each scenario is identified by the employed relaying method and the alignment of the backhaul transmission timing among the whole cells. Figure 2 summarizes the four scenarios.
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Figure 2. Four different backhauling scenarios.

· Scenario 1-1: The fake MBSFN method with backhaul transmission timing alignment

All the eNBs transmit backhaul link signal at the same time in DL band by the fake MBSFN method. All the RNs turn off their transmission power to receive the backhaul signal, and as a result, each backhaul link is not interfered by the DL transmission of an RN (i.e., no ICI through R link).
· Scenario 1-2: The fake MBSFN method without backhaul transmission timing alignment

Some eNBs transmit backhaul link signal in DL band by the fake MBSFN method while RNs that are not involved in backhaul signal reception transmit their access link signal at that time. Thus, a backhaul link may be interfered via an R link.

· Scenario 2-1: The UL/DL band swapping with backhaul transmission timing alignment

All the eNBs transmit backhaul signal at the same time in UL band by the band swapping method. All the UEs turn off their transmission power to mitigate interference to the backhaul (i.e., no ICI through Y link). In theory, the backhaul link SINR achieved in this scenario is identical to that obtained in Scenario 1-1 if the same level of backhaul link transmission power is used.
· Scenario 2-2: The UL/DL band swapping without backhaul transmission timing alignment
Some eNBs transmit backhaul link signal in UL band by the band swapping method while some UEs transmit their UL signal to its associated eNB or RN at that time. Thus, a backhaul link may be interfered via a Y link.

_____________________________________________________________________
3. Simulation Results
This section provides the simulation results for the four scenarios addressed above. The result of Scenario 1-1 and 2-1 can be regarded as a criterion on the sufficiency of backhaul link quality because it is attained by the network-wide cooperation. The simulation parameters are given in Appendix.
· Scenario 1-2: The fake MBSFN method without backhaul transmission timing alignment
In order to describe different level of interference experienced by a backhaul link, we assume that three sectors of a single eNB transmit backhaul signal in DL band under the following two ICI cases: In case 1, the three backhaul links are interfered by all the eNBs (via B link) and all the RNs in different cells (via R link). In case 2, the other eNBs are assumed to be turned off and the three backhaul links are interfered by all the RNs in different cells.
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Figure 3. CDF of backhaul link SINR in Scenario 1-2 (a) with shadowing and (b) without shadowing effect (NLOS path loss model for B link).
Figure 3 depicts the SINR distribution of the backhaul link when the NLOS path loss model is used for B link. We first observe that the backhaul link quality is degraded much in Scenario 1-2 when compared with Scenario 1-1. It is obvious that case 1 of Scenario 1-2 corresponds to the worst ICI case for a backhaul link as all the other eNBs and RNs are involved in transmission. We also observe that a backhaul link experiences more ICI in case 2 of Scenario 1-2 than in Scenario 1-1, which implies that RNs in the neighboring cells contribute more to the ICI to a backhaul link than the eNBs in the neighboring cells. Nevertheless, the SINR distributions in these three cases remain within 2 dB difference. 
Figure 4 compares the SINR distributions for the cases of the LOS and NLOS models. We observe that the backhaul link quality is improved to some extent in the LOS case, but only the RNs with medium SINR level can take advantage of this LOS model.

[image: image5]
Figure 4. CDF of backhaul link SINR in Scenario 1-2-2 with LOS and NLOS path loss models for B link.

· Scenario 2-2: The UL/DL band swapping without backhaul transmission timing alignment

We assume that three sectors of a single eNB transmit backhaul signal in UL band while all the eNBs and all the RNs in different cells receives UL transmission from UEs. Other cell UEs are randomly selected for UL transmission that appears as interference at the RNs after propagating via Y link. The same level of backhaul signal transmission power is used for the three sectors and it is fixed at a predetermined level.
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Figure 5. CDF of backhaul link SINR in Scenario 2-2 (a) with shadowing and (b) without shadowing effect (NLOS path loss model for B link).

We first consider the case where the NLOS path loss model is used for both B and X links. Figure 5 depicts the SINR distribution of the backhaul link for the case of 570 randomly dropped UEs over the whole 19 eNB’s area. Backhaul signal transmission power is set to -15, -10, or -5 dBm per RB. Each UE is associated with the eNB or RN having the largest DL Ec/Io. 34% and 26% UEs are connected to RNs for Figure 5(a) and 5(b), respectively. 
We can make two important observations from Figure 5. First, we observe that, the band swapping method with transmission power of -10 or -5 dBm per RB yields the backhaul link quality comparable to that in Scenario 1-1. Noting that Scenario 1-1 corresponds to the fake MBSFN method with backhaul transmission timing alignment and the backhaul link quality can be degraded if timing alignment is not assumed (i.e., in Scenario 1-2), it can be claimed that the band swapping provides the backhaul link quality which is comparable with or even better than the fake MBSFN method. One may think that a backhaul link established in UL band could be severely interfered by a neighboring cell UE located close to the RN, but this problem is not likely to happen since the interference from this UE is suppressed by the receive antenna directivity of B link.
Second, we observe that transmission power of -10 dBm per RB is enough to obtain the backhaul link quality at least comparable to the fake MBSFN method. This means that a donor eNB’s transmission power in UL band is 7 dBm at 10 MHz bandwidth which falls within the range of UE’s transmission power and the band swapping method can be implemented with low-cost power amplifiers for the case of 500 m inter-site distance.
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Figure 6. IoT contribution of each backhaul link to the nearest eNB and RN (NLOS model for X link).
Figure 6 shows the IoT level contributed by each backhaul link to the nearest eNB and RN. Backhaul link transmission power is assumed to be -10 dBm per RB. First, we observe that the backhaul links established by the band swapping method renders IoT level around 0.5 dB to the nearest eNB through an X link. This implies that eNB-to-eNB interference introduced by the band swapping does not cause serious performance degradation in the UL access links of the neighboring macro cells. Second, we observe that the IoT level measured at the nearest RN ranges from 10 to 25 dB which means that eNB-to-RN interference through a Z link is higher than eNB-to-eNB interference. However, a high IoT level in UL band is an inherent characteristic of RN due to the small coverage and cell edge location of RN: By comparing Figure 6 with Figure 7 which depicts the distribution of IoT level contributed by a marco cell UE to its nearest RN, we can observe that a macro UE usually renders a much higher interference to an RN than a backhaul link established in UL band. This result is consistent with the one in [7] where IoT level measured at an RN typically ranges from 5 to 25 dB which covers the IoT level range depicted in Figure 6.
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Figure 7. IoT contribution of each macro cell UE to the nearest RN.
Consequently, SINR of UL transmissions in the other cells is not damaged much as shown in Figure 8 which depicts the UL SINR distribution measured at a neighboring cell a band-swapped cell.


[image: image10]
Figure 8. CDF of UL SINR in a neighboring cell of a band-swapped cell (NLOS path loss model for X link).
Now we consider the case where the LOS model is applied to both B and X links. In Figure 9 and 10, we observe that the backhaul link transmission power of -10 or -15 dBm per RB achieves the backhaul link quality comparable to the fake MBSFN method while rendering marginal SINR degradation in neighboring cells. In addition, if we look at Figure 5 and 10 simultaneously, we can make the following conclusion: Even when NLOS model is used for B link while keeping the LOS model for X link (which is unreasonable but can be considered as a lower bound of the backhaul link quality), the band swapping method in case 1 can achieve the fake-MBSFN-comparable backhaul link quality (e.g., with -10 dBm per RB in Figure 5) while slightly degrading the neighboring cell UL SINR (e.g., about 1 dB SINR degradation in Figure 10). 

[image: image11]
Figure 9. CDF of backhaul link SINR in Scenario 2-2 (LOS path loss model for B link).


[image: image12]
Figure 10. CDF of UL SINR in the neighboring cell of the band-swapped cell (LOS path loss model for X link).

_____________________________________________________________________
4. Conclusion
It is shown in this contribution that backhaul link quality of UL/DL band swapping is comparable with or even better than that of the fake MBSFN method even though the transmission power of the backhaul link is fixed at a level compatible with UE’s one. The interference to other eNBs and RNs can be kept at an acceptable level owing to this UE-compatible transmission power setting. These results strongly support the feasibility and effectiveness of UL/DL band swapping as an in-band relaying method.
______________________________________________________________________
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Appendix A. Simulation Model
The simulation parameters are given in Table 1.

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 eNB cell sites, 3 cells per site

	Inter-site distance (ISD)
	500 m (case 1), 1732 m (case 3)

	Distant-dependent path loss
	Between eNB and UE
	37.6*log10(R) + 128.15 dB

	
	Between eNB and RN
	22*log10(R) + 100.02 dB for LOS

37.6*log10(R) + 124.5 dB for NLOS

	
	Between RN and UE
	36.7*log10(R) + 140.7 dB

	Shadowing standard deviation
	Between eNB and UE
	8 dB

	
	Between eNB and RN
	6 dB

	
	Between RN and UE
	10 dB

	Penetration loss
	20 dB

	Thermal noise density
	-174 dBm/Hz

	Noise figure
	eNB and RN
	5 dB

	
	UE
	9 dB

	eNB antenna gain
	14 dB

	RN antenna gain
	eNB-RN link side
	7 dB

	
	RN-UE link side
	5 dB

	UE antenna gain
	0 dB

	eNB antenna pattern
	Horizontal
	70 degree beamwidth, front to back ratio of 25 dB

	
	Vertical
	10 degree beamwidth, front to back ratio of 20 dB, 15 degree tilt

	RN antenna pattern
	eNB-RN link side
	Horizontal
	70 degree beamwidth, front to back ratio of 20 dB

	
	
	Vertical
	None

	
	RN-UE link side
	Horizontal
	Omni-directional

	
	
	Vertical
	None

	Transmission power
	eNB
	46 dBm

	
	RN
	30 dBm

	
	UE
	24 dBm

	System bandwidth
	10 MHz (50 RBs)

	UE power control
	Fractional open loop power control

Tx power = -69 + 0.7 * PathLoss [dBm per RB]


Table 1. Simulation parameters.
______________________________________________________________________
Appendix B. Further Simulation Results

Figure 11 and 12 show the results in case 3 with applying the LOS path loss model for both B and X links. 


[image: image13]
Figure 11. CDF of backhaul link SINR in Scenario 2-2 of case 3 (LOS path loss model for B link).


[image: image14]
Figure 12. CDF of UL SINR in the neighboring cell of the band-swapped cell in case 3 (LOS path loss model for X link).

































































































































8
1

[image: image1.emf]eNB1

UE2

(attached to RN1)

UE1

(attached to eNB1)

eNB2

UE3 

(attached to RN2)

UE4

(attached to eNB2)

A

m

 

l

i

n

k

A

m

 

l

i

n

k

Am link

A

r

 

l

i

n

k

Ar link

B

 

l

i

n

k

B link

R

 

l

i

n

k

R link

X

 

l

i

n

k

X link

RN1

A

r

 

l

i

n

k

B

 

l

i

n

k

Y link

Y

 

l

i

n

k

Z link

Z

 l

in

k

RN2

A

m

 

l

i

n

k

[image: image15.emf]0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

-10 -5 0 5 10 15 20 25 30

SINR [dB]

CDF

S 1-2-2 (NLOS)

S 1-2-2 (LOS)

[image: image16.emf]0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

-20 -15 -10 -5 0 5 10 15 20

SINR [dB]

CDF

w/o Relay

Ptx = -5 dBm

Ptx = -10 dBm

Ptx = -15 dBm

[image: image17.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-10 0 10 20 30 40

SINR [dB]

CDF

Ptx = -10 dBm

Ptx = -15 dBm

S 1-2-2

[image: image18.emf]0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

-20 -15 -10 -5 0 5 10 15 20

SINR [dB]

CDF

w/o Relay

Ptx = -10 dBm

Ptx = -15 dBm

[image: image19.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-10 0 10 20 30 40

SINR [dB]

CDF

Ptx = -10 dBm

Ptx = -15 dBm

S 1-2-2

