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1. Introduction
An issue discussed in recent RAN1 meetings as a study item of LTE-Advanced is the method of backhaul transmission from a donor-eNB to an associated relay node (RN). One backhauling method agreed in RAN1 is captured in TR 36.814 as follows:

Multiplexing of backhaul links in FDD:

•-
eNB → RN transmissions are done in the DL frequency band

•-
RN → eNB transmissions are done in the UL frequency band

Multiplexing of backhaul links in TDD:

•-
eNB → RN transmissions are done in the DL subframes of the eNB and RN 

•-
RN → eNB transmissions are done in the UL subframes of the eNB and RN

Focusing on the eNB-to-RN backhauling, this method can be referred to as “fake MBSFN method” as it is also captured in TR 36.814 that this backhauling method configures the subframe used for eNB-to-RN transmission as a MBSFN subframe in the relay cell side. In other word, in the fake MBSFN method, UE does not receive any user data from relay- node, but relay node can be received user data from eNB. Figure 1 illustrates the operation of the fake MBSFN method.
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Figure 1. Illustration of the fake MBSFN method
Meanwhile, RAN1 sent an LS to RAN4 regarding the existence of any regulatory issue of another backhauling method in which a donor-eNB transmits backhaul signal to an associated RN in UL resource [1]. This contribution provides a brief introduction of eNB-to-RN backhauling in UL resource and some related discussion issues.
2. eNB-to-RN Backhauling in UL Resource
Figure 2 illustrates the operation of eNB-to-RN backhauling in UL resource (also called UL/DL band swapping or UL subframe stealing [2, 3]). In this method, a donor-eNB transmits backhaul signal to an associated RN using UL resource. Here, UL resource implies UL carrier in FDD mode and UL subframe in TDD mode. Backhaul transmission from RN to eNB is the same as the current RAN1 agreement shown in the previous section.
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Figure 2. Illustration of eNB-to-RN backhauling in UL resource
The necessity of this backhauling method comes from the fact that a relaying system which relies only on the fake MBSFN method suffers from serious backhaul shortage problem in most cases. The backhaul shortage problem is originated by half duplex operation for Relay-node in fake MBSFN method. Table 1 shows some simulation result of DL throughput, and we can observe that the performance gain obtained by employing RNs is very limited if only the fake MBSFN method is used. It is noteworthy that the restriction in the MBSFN subframe configuration may worsen the backhaul shortage problem further. Subframes #0, #4, #5, #9 cannot be configured as MBSFN subframe in FDD mode and subframes #0, #1, #5, #6 cannot in TDD mode. As a result, more than 60% of DL resource cannot be allocated to backhaul link in FDD mode, and more seriously in TDD mode, UL/DL configuration 0 has no MBSFN configurable subframe while configuration 6 and 1 have only one and two DL backhaul subframe(s) in a radio frame, respectively.
Table 1. DL throughput simulation result
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(a) The fake MBSFN method

[image: image4.emf]DL UL DL UL Sector Tput 5% UE Tput

4 3.0 4.0 43.2% 30.6%

3 3.0 3.0 31.8% 14.4%

2 3.0 2.0 20.3% -3.0%

1 3.0 1.0 8.9% -22.2%

0 3.0 0.0 -2.5% -41.5%

4 3.0 2.7 43.0% 35.7%

3 3.0 2.1 32.4% 27.4%

2 3.0 1.4 21.8% 16.8%

1 3.0 0.7 11.0% 4.4%

0 2.9 0.0 0.0% -11.4%

4 3.0 1.2 42.5% 26.6%

3 3.0 0.5 31.8% 23.3%

2 3.0 0.0 21.2% 16.0%

1 2.6 0.0 10.8% 6.8%

0 2.2 0.0 0.6% -3.0%

# of subframes allocatable

for backhauling / Frame

# of subframes allocated

for backhauling / Frame

Tput gains w.r.t No relay

Use UL subframes

in addition to

DL subframes

(i.e. fake MBSFN)

10 3

4 3

2 3

eNB-to-RN

backhauling

method

# of relays

/ Cell


(b) Use UL resources in addition to DL resources for eNB-to-RN backhaul transmission
Table 2. UL/DL configurations in TDD mode
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


The above-mentioned backhaul shortage problem can be solved by using some UL resources in addition to DL resources for the use of eNB-to-RN backhaul transmission. Table 1 also includes some simulation results in this case. The backhaul link quality is assumed to be the same in both DL and UL resources.

One may raise an issue in regard to the possible interference to the neighboring cells if an eNB transmits backhaul signal in UL resource. As a solution to this problem, we can restrict the transmission power of eNB in UL resource to a UE-compatible level such that there is no harm in receiving UL transmission in the neighboring cells. Figure 3 (a) and (b) show the backhaul link SINR and the neighboring cells’ UL SINR distribution, respectively. We observe that an acceptable backhaul link quality can be achieved even with a power level much lower than the maximum UE transmission power limit (e.g., with -15 dBm per RB which corresponds to 2 dBm in 10 MHz bandwidth) without inducing serious interference to the UL transmission in the neighboring cells.
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Figure 3. SINR distribution of (a) backhaul link of a target cell, (b) UL in the neighboring cells
The simulated cell layout is depicted in Figure 4 and the simulation parameters are given in Appendix. In above simulation, cell 0, 1 and 2 (three sectors in a single site) use UL resources for eNB-to-RN backhaul transmission, therefore, the most interfered cells are cell 5, 13 and 18. In Figure 3 (b), the neighboring cells’ UL SINR distributions are obtained from these most interfered cells.
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Figure 4. Simulated cell layout
3. eNB-to-RN Backhauling in UL Resource

eNB-to-RN backhauling in UL resource is introduced in this document. Also, it is observed that this method can be a solution to the backhaul shortage problem without causing serious interference problem.
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Appendix: Simulation parameters
	Parameter
	Assumption/Value

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

	Inter-site distance (ISD)
	500 m (Case 1)

	Distant-dependent path loss
	Between eNB and UE
	L=128.1+37.6log10(R)  For 2GHz, R in km.

	
	Between eNB and RN
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R) -B

For 2GHz, R in km.

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

Prob(R) based on ITU models:

ISD 0.5 km: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
ISD 1.73 km: Prob(R)=exp(-(R-0.01)/1.0)
Note 1: 

Bonus for donor macro (from each of its sectors) to relay, B=5dB,

Otherwise, for non-donor cell and non-optimized deployment, B=0dB

	
	Between RN and UE
	L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R)

For 2GHz, R in km
PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095)

	
	Between eNB and eNB
	L=100.02+22.0log10(R)  For 2GHz, R in km.

	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]
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