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1
Introduction

Heterogeneous networks consist of deployments where low power nodes (such as RRH, Hotzone cells, femto/HeNB and relay nodes) are deployed in a macro-cell layout. In RAN Plenary #47 [1], it was agreed to study enhanced ICIC Techniques of HetNets that are Release 8/9 backward compatible. The contribution [3] points out that coordination to facilitate coexistence in heterogeneous networks to assist interference management and network load balancing and cell selection should be pursued. Some views on the interference mitigation techniques including the possible use of power control have been proposed in [2][3][4][5] in mitigating the intercell interference. 
As the system level evaluations [6-9] show that downlink backhaul link becomes the limiting factor in many cases, in this contribution, we provide evaluations of the use of power control for the interference management in a HetNet scenario comprising of co-channel macro-eNBs and relays serving UEs.  
2 Considerations
When the downlink backhaul link becomes the limiting factor, it implies that the access link load of the relay cell exceeds what it can carry. In this respect, it is not necessary for a relay to send using a high transmission power. As shown in Fig. 1, the load of the relay cell may be reduced by properly scaling-down the relay transmission power. In this contribution, we show that proper reduction of the relay transmission power is helpful for the interference management and henceforth may contribute to the substantial improvement of the edge throughout without degrading the average throughput performance.


[image: image32.emf]
Fig. 1 Load reduction of relay cell by scaling-down the relay transmission power 

The straightforward advantage of this approach is that it effectively mitigates the inter-cell interference from the perspective of the system level. In particular, as shown in Fig. 2, when the UEs located in the center of the relay coverage area are denied access due to relay overloading, they probably establish the communication path with the macro eNB. Consequently these UEs suffer from the serious interference from the relay access link in downlink and meanwhile the relay served UE will suffer from the serious interference from the macro eNB access link in the uplink. However, the proposed approach may facilitate these part of UE to identify a better path for data communication and thereby the incurred interference can be mitigated to some extent. It hence is expected to lead to the better utilization of the frequency resource.

[image: image2]
Fig. 2 Example of interference scenario of co-channel macro and micro cell
3 Performance evaluation
The simulation platform is set up as shown in Appendix. The NOPC represents no power control. PC1 is power control with bias of -1dB. PC2 is power control with bias of -2dB. And in turn PC7 is power control with bias of -7dB. We study the performance of power control under case 1 and case 3 with different bias set.
Fig. 3 shows that with power scaling schemes, the average throughput may be improved. This is attributed to that not only the capacity match may be achieved with power scaling, but also the interference from the relay access link may be suppressed to some extent. It is observed that the average throughput tends to increase firstly with the upward slope decreasing. For case 1, the power scaling scheme 4 may bring forward the best throughput performance. Afterwards, the average throughput performance begins to aggravate. This is attributed to the obvious reduction of the effective UE that are served by the relay with the decreasing transmission power of the relay. However, the average throughput performance outperforms the case without power scaling. 
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Fig. 3 Average throughout versus various power scaling scheme for case 1 and case 3 respectively
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Fig. 4 Edge throughout versus various power scaling scheme for case 1 and case 3 respectively
From Fig. 4, it is observed that the edge throughput can be significantly increased through power scaling. This is due to the power scaling improves the situation that some UEs associated to the relay are always under-served. Moreover, it will achieve a better match of the transmission capacity between the relay backhaul link and access link. From the perspective of the system level, this effectively reduces the inter-cell interference and consequently contributes to the better utilization of the frequency resource. 
The average throughout and edge throughout for case 1 and case 3 are illustrated as follows. We observed the large increase of edge throughout in the power scaling schemes.
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Fig. 5 Average throughput CDF in case 1
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Fig. 6 Edge throughput CDF in case 1
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Fig. 7 Average throughput CDF in case 3
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Fig. 8 Edge throughput CDF in case 3
4
Conclusion 

In this contribution, we have presented simulation results for a HetNet scenario comprising of co-channel macro-eNBs and relays. Simulation results show that it is helpful by properly scaling-down the relay transmission power to improve the edge throughput without degrading the average throughput when the backhaul link of the relay cell suffers from the capacity limitation. 
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Appendix
	Parameter
	Assumption

	Scenario
	Case 3: 2G CF, 1732m ISD, 10M BW, speed 3km/h

	Number of MBSFN
	2

	TDD Time configuration mode
	2

	Cellular layout
	Hexagonal grid, 19 cells, 3 sectors per cell

	Relay layout
	2 relays per sector

	Load
	Average 25 UE per sector

	UE distribution
	Users dropped uniformly in entire sector

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm/37dBm

	BS antenna gain plus cable loss
	14 dBi

	Relay antenna gain plus connector loss
	5dBi for relay to UE with directional antenna; 5dBi for ominidirectional antenna 

	UE antenna gain
	0 dBi

	Noise figure at relay
	5dB

	Noise figure at UE
	9dB

	Noise power spectral density of Relay/UE
	-174 dBm/Hz

	Distance-dependent path loss for macro to UE
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R) 

For 2GHz, R in km 

PLLOS(R)=103.4+24.2log10(R) 

PLNLOS(R)= 131.1+42.8log10(R) 

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: 

Prob(R)=exp(-(R-0.01)/1000) 



	Distance-dependent path loss for macro to relay
	Macro to relay:
PLLOS(R)=100.7+23.5log10(R)

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

For 2GHz, R in km.

Prob(R) based on ITU models:

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
Case 3:

Prob(R)=exp(-(R-0.01)/1.15)
Note 1: Bonus for donor macro (from each of its sectors) to relay for optimized deployment by site planning optimization methodology in [A.2.1.1.4].
Note 2: Higher probability of LOS shall be reflected in consideration of the height of RN antenna and site planning optimization.
described in [A.2.1.1.4].

Note3: If link from donor Macro to optimized relay site is LOS, the links from other macros to optimized relay site could be LOS or NLOS, else all interference links from other macros are NLOS.

	Distance-dependent path loss for relay to UE
	Relay to UE: 
PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
For 2GHz, R in km

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))

Note 1: this path loss models assume in-band relay. Simulations for out-of-band relay should re-examine this assumption.
Note 2: relay node has an antenna height of 5m, other antenna heights FFS.（we consider in-band relay here）

	Minimum distance between UE/relay and cell
	>= 35 meters

	Minimum distance between UE and relay
	>= 10 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell to UE; 6 dB for macro to relay; 10dB for relay to UE

	Shadowing correlation
	Between sites/eNB
	0.5

	
	Between cells/sectors
	1.0

	Shadowing correlation distance
	50m

	Penetration Loss  
	0dB for macro to relay; 20dB for relay to UE and macro to UE

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Inter-cell interference modelling
	explicit modelling 

	Channel model
	backhaul link: AWGN, access link: SCM-E

	Number of antenna elements (BS, Relay, UE)
	(1,1,1)

	Polarization
	No

	Scheduling algorithm
	RR

	Number of MCS candidates for link adaptation
	15

	HARQ
	HARQ-CC; Maximum 3 transmission times

	Channel estimation error
	Ideal estimation

	MBSFN
	1

	Power scaling time interval
	20 half-frame

	UE
	Reinitiate access after power scaling
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		P=30dBm		P=30dBm		P=30dBm		P=30dBm		P=30dBm		P=30dBm		P=30dBm		P=30dBm

		P=37dBm		P=37dBm		P=37dBm		P=37dBm		P=37dBm		P=37dBm		P=37dBm		P=37dBm



NOPC

PC1

PC2

PC3

PC4

PC5

PC6

PC7

Average Throughput (Mbps)

10.69

11.14

11.39

11.55

11.67

11.69

11.75

11.73

12.15

12.53

12.55

12.66

12.65

12.6



PF

		Case1, PF		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Average throughput (Mbps)		13.44		12.88		15.88		13.06		15.91

		Edge throughput (Kbps)		93.89		106.61		116.44		113.52		110.74

		Case1, PF		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Average throughput (Mbps)		13.44		12.88		15.88		13.06		15.91

		Gain (%)		0		-4.1666666667		18.1547619048		-2.8273809524		18.3779761905

		Case1, PF		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Edge throughput (Kbps)		93.89		106.61		116.44		113.52		110.74

		Gain (%)		0		13.5477686655		24.0174672489		20.9074448823		17.9465331771





PF

		0		0		0		0		0



No relay

relay, no co,BS-UE

relay, no co,RN-UE

relay, co,BS-UE

relay, co,RN-UE



RR

		0		0		0		0		0



No relay

relay, no co,BS-UE

relay, no co,RN-UE

relay, co,BS-UE

relay, co,RN-UE



Power

		Case3, RR		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Average throughput (Mbps)		8.86		9		10.55		9.16		10.66

		Edge throughput (Kbps)		85.55		90.09		95.44		94.28		98.47

		RN Serving Ratio (%)		0		16.47		16.47		16.47		16.47

		Case3, RR		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Average throughput (Mbps)		8.86		9		10.55		9.16		10.66

		Gain (%)		0		1.5801354402		19.0744920993		3.3860045147		20.316027088

		Case3, RR		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Edge throughput (Kbps)		85.55		90.09		95.44		94.28		98.47

		Gain (%)		0		5.3068381064		11.560490941		10.2045587376		15.1022793688





Power

		0		0		0		0		0



No relay

relay, no co,BS-UE

relay, no co,RN-UE

relay, co,BS-UE

relay, co,RN-UE



Access

		0		0		0		0		0



No relay

relay, no co,BS-UE

relay, no co,RN-UE

relay, co,BS-UE

relay, co,RN-UE



PC M=1

		Case3, RR,Average throughput (Mbps)		No relay		relay, no co,BS-UE		Gain (%)		relay, co,BS-UE		Gain (%)		RN Serving Ratio (%)

		30 dBm		8.86		8.82		-0.4514672686		8.93		0.7900677201		10.95

		37 dBm		8.86		9		1.5801354402		9.16		3.3860045147		16.47

		46 dBm		8.86		9.1		2.7088036117		9.36		5.6433408578		27.72

		Case3, RR,Edge throughput (Kbps)		No relay		relay, no co,BS-UE		Gain (%)		relay, co,BS-UE		Gain (%)		RN Serving Ratio (%)

		30 dBm		85.55		83.94		-1.8819403857		90.05		5.2600818235		10.95

		37 dBm		85.55		98.64		15.300993571		101.05		18.1180596143		16.47

		46 dBm		85.55		90		5.2016364699		94.96		10.9994155465		27.72

		Case3, RR,Average throughput (Mbps)		No relay		relay, no co,BS-UE		relay, co,BS-UE

		30 dBm		8.86		8.82		8.93

		37 dBm		8.86		9		9.16

		46 dBm		8.86		9.1		9.36

		Case3, RR,Edge throughput (Kbps)		No relay		relay, no co,BS-UE		relay, co,BS-UE

		30 dBm		85.55		83.94		90.05

		37 dBm		85.55		98.64		101.05

		46 dBm		85.55		90		94.96





PC M=1

		0		0		0

		0		0		0

		0		0		0



No relay

relay, no co,BS-UE

relay, co,BS-UE

Average throughput (Mbps)



PC M=2

		0		0		0

		0		0		0

		0		0		0



No relay

relay, no co,BS-UE

relay, co,BS-UE

Edge throughput (Kbps)



		Case3, RR,Average throughput (Mbps)		No relay		relay, no co,BS-UE		Gain (%)		relay, co,BS-UE		Gain (%)		RN Serving Ratio (%)		Type 1		Gain (%)

		TH = -7dB		8.86		8.36		-5.6433408578		8.89		0.3386004515		24.98		11.05		24.7178329571				0.2

		TH = -3dB		8.86		8.85		-0.1128668172		9.13		3.0474040632		19.53		11.2		26.4108352144				0.5

		TH = 0dB		8.86		9		1.5801354402		9.16		3.3860045147		16.47		11.37		28.3295711061				1

		TH = 3dB		8.86		9.03		1.9187358916		9.14		3.1602708804		14.26		11.35		28.1038374718				2

		TH = 7dB		8.86		8.96		1.1286681716		9.05		2.144469526		11.46		10.97		23.8148984199				5

		Case3, RR,Edge throughput (Kbps)		No relay		relay, no co,BS-UE		Gain (%)		relay, co,BS-UE		Gain (%)		RN Serving Ratio (%)		Type 1		Gain (%)

		TH = -7dB		85.55		56.87		-33.5242548217		84.96		-0.6896551724		24.98		50.37		-41.122150789

		TH = -3dB		85.55		79.47		-7.1069549971		91.24		6.651081239		19.53		60.81		-28.9187609585

		TH = 0dB		85.55		98.64		15.300993571		101.05		18.1180596143		16.47		55.68		-34.9152542373

		TH = 3dB		85.55		89.83		5.0029222677		92.55		8.1823495032		14.26		52.82		-38.2583284629

		TH = 7dB		85.55		89.59		4.7223845704		91.51		6.9666861485		11.46		41.8		-51.1396843951

		Case3, RR,Average throughput (Mbps)		No relay		relay, no co,BS-UE		relay, co,BS-UE

		TH = -7dB		8.86		8.36		8.89

		TH = -3dB		8.86		8.85		9.13

		TH = 0dB		8.86		9		9.16

		TH = 3dB		8.86		9.03		9.14

		TH = 7dB		8.86		8.96		9.05

		Case3, RR,Edge throughput (Kbps)		No relay		relay, no co,BS-UE		relay, co,BS-UE

		TH = -7dB		85.55		56.87		84.96

		TH = -3dB		85.55		79.47		91.24

		TH = 0dB		85.55		98.64		101.05

		TH = 3dB		85.55		89.83		92.55

		TH = 7dB		85.55		89.59		91.51

		Case3, RR,Average throughput (Mbps)		No relay		Type 1		Gain (%)		RN Serving Ratio (%)

		TH = -7dB		8.86		11.05		24.7178329571		24.98

		TH = -3dB		8.86		11.2		26.4108352144		19.53

		TH = 0dB		8.86		11.37		28.3295711061		16.47

		TH = 3dB		8.86		11.35		28.1038374718		14.26

		TH = 7dB		8.86		10.97		23.8148984199		11.46

		Case3, RR,Edge throughput (Kbps)		No relay		Type 1		Gain (%)		RN Serving Ratio (%)

		TH = -7dB		85.55		50.37		-41.122150789		24.98

		TH = -3dB		85.55		60.81		-28.9187609585		19.53

		TH = 0dB		85.55		55.68		-34.9152542373		16.47

		TH = 3dB		85.55		52.82		-38.2583284629		14.26

		TH = 7dB		85.55		41.8		-51.1396843951		11.46





		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



No relay

relay, no co,BS-UE

relay, co,BS-UE

Average throughput (Mbps)



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



No relay

relay, no co,BS-UE

relay, co,BS-UE

Edge throughput (Kbps)



		0		0

		0		0

		0		0

		0		0

		0		0



No relay

Type 1

Average throughput (Mbps)



		0		0

		0		0

		0		0

		0		0

		0		0



No relay

Type 1

Edge throughput (Kbps)



		对30db				PC1:步长1db，上下限+-1db;										PC2:步长1db，上下限+-2db;										PC3:步长1db，上下限+-3db;								PC4:步长1db，上下限+-4db;

						PC5:步长1db，上下限+-5db;										PC6:步长1db，上下限+-6db;										PC7:步长1db，上下限+-7db;

		对37db				PC1:步长1db，上下限+-1db;										PC2:步长1db，上下限+-2db;										PC3:步长1db，上下限+-3db;								PC4:步长1db，上下限+-4db;

						PC5:步长1db，上下限+-5db;

		MBSFN:1

		RR

		M1_RA

		Average Throughput(Mbps)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		10.69		10.96		11.04		11.05		11		10.96		10.96		10.92

		P=37dBm		11.13		11.33		11.28		11.3		11.31		11.32

		M1_RA

		Edge Trhoughput(Kbps)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		55.22		65.88		68.64		67.65		69.63		69.72		70.76		71.86

		P=37dBm		39.65		54.22		60.71		62.65		67		66.93

		M1_RA

		RN Serving Ratio(%)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		10.97		10.66		10.54		10.17		9.88		9.66		9.57		9.34

		P=37dBm		16.47		15.77		15.32		14.71		14.28		13.95

		M1

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		RN Serving Ratio(%)		10.97		11.72		12.56		13.22		14.13		14.61		15.7		16.47

		M1

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		Average Throughput (Mbps)		10.69		10.79		10.96		11.03		11.07		11.09		11.16		11.13

		M1

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		Edge Throughput (Kbps)		55.22		58.41		56.4		54.87		52.15		47.43		40.71		39.65

		M1_RA

		RN Power Saving Ratio(%)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		0		9.78		14.41		17.71		17.03		14.59		11.08		7.68

		P=37dBm		0		14.12		22.95		28.41		31.75		33.07
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		对30db				PC1:步长1db，上下限+-1db;										PC2:步长1db，上下限+-2db;										PC3:步长1db，上下限+-3db;								PC4:步长1db，上下限+-4db;

						PC5:步长1db，上下限+-5db;										PC6:步长1db，上下限+-6db;										PC7:步长1db，上下限+-7db;

		对37db				PC1:步长1db，上下限+-1db;										PC2:步长1db，上下限+-2db;										PC3:步长1db，上下限+-3db;								PC4:步长1db，上下限+-4db;

						PC5:步长1db，上下限+-5db;

		MBSFN:2

		RR

		M2_RA

		Average Throughput(Mbps)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		10.69		11.14		11.39		11.55		11.67		11.69		11.75		11.73

		P=37dBm		12.15		12.53		12.55		12.66		12.65		12.6

		M2_RA

		Edge Trhoughput(Kbps)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		43.12		50.06		49.78		49.72		50.41		50.55		50.88		50.41

		P=37dBm		43.49		50.25		51.03		50.81		51.27		51.63

		M2_RA

		RN Serving Ratio(%)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		10.96		11.06		11.07		11.19		11.18		11.22		11.19		9.34

		P=37dBm		16.46		16.63		16.5		16.42		16.51

		M2

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		RN Serving Ratio(%)		10.96		11.71		12.56		13.21		14.14		14.63		15.72		16.46

		M2

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		Average Throughput (Mbps)		10.69		10.89		11.27		11.53		11.7		11.91		12.04		12.15

		M2

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		Edge Throughput (Kbps)		43.12		47.65		46.27		47.68		47.09		44.44		44.26		43.49

		M2_RA

		RN Power Saving Ratio(%)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		0		-3.48		-10.63		-19.86		-33.52		-47.03		-61.87		-76.56

		P=37dBm		0		0.96		-2.8		-10.21		-17.97		-27.2
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PF

		Case1, PF		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Average throughput (Mbps)		13.44		12.88		15.88		13.06		15.91

		Edge throughput (Kbps)		93.89		106.61		116.44		113.52		110.74

		Case1, PF		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Average throughput (Mbps)		13.44		12.88		15.88		13.06		15.91

		Gain (%)		0		-4.1666666667		18.1547619048		-2.8273809524		18.3779761905

		Case1, PF		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Edge throughput (Kbps)		93.89		106.61		116.44		113.52		110.74

		Gain (%)		0		13.5477686655		24.0174672489		20.9074448823		17.9465331771
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Power

		Case3, RR		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Average throughput (Mbps)		8.86		9		10.55		9.16		10.66

		Edge throughput (Kbps)		85.55		90.09		95.44		94.28		98.47

		RN Serving Ratio (%)		0		16.47		16.47		16.47		16.47

		Case3, RR		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Average throughput (Mbps)		8.86		9		10.55		9.16		10.66

		Gain (%)		0		1.5801354402		19.0744920993		3.3860045147		20.316027088

		Case3, RR		No relay		relay, no co,BS-UE		relay, no co,RN-UE		relay, co,BS-UE		relay, co,RN-UE

		Edge throughput (Kbps)		85.55		90.09		95.44		94.28		98.47

		Gain (%)		0		5.3068381064		11.560490941		10.2045587376		15.1022793688
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PC M=1

		Case3, RR,Average throughput (Mbps)		No relay		relay, no co,BS-UE		Gain (%)		relay, co,BS-UE		Gain (%)		RN Serving Ratio (%)

		30 dBm		8.86		8.82		-0.4514672686		8.93		0.7900677201		10.95

		37 dBm		8.86		9		1.5801354402		9.16		3.3860045147		16.47

		46 dBm		8.86		9.1		2.7088036117		9.36		5.6433408578		27.72

		Case3, RR,Edge throughput (Kbps)		No relay		relay, no co,BS-UE		Gain (%)		relay, co,BS-UE		Gain (%)		RN Serving Ratio (%)

		30 dBm		85.55		83.94		-1.8819403857		90.05		5.2600818235		10.95

		37 dBm		85.55		98.64		15.300993571		101.05		18.1180596143		16.47

		46 dBm		85.55		90		5.2016364699		94.96		10.9994155465		27.72

		Case3, RR,Average throughput (Mbps)		No relay		relay, no co,BS-UE		relay, co,BS-UE

		30 dBm		8.86		8.82		8.93

		37 dBm		8.86		9		9.16

		46 dBm		8.86		9.1		9.36

		Case3, RR,Edge throughput (Kbps)		No relay		relay, no co,BS-UE		relay, co,BS-UE

		30 dBm		85.55		83.94		90.05

		37 dBm		85.55		98.64		101.05

		46 dBm		85.55		90		94.96
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		Case3, RR,Average throughput (Mbps)		No relay		relay, no co,BS-UE		Gain (%)		relay, co,BS-UE		Gain (%)		RN Serving Ratio (%)		Type 1		Gain (%)

		TH = -7dB		8.86		8.36		-5.6433408578		8.89		0.3386004515		24.98		11.05		24.7178329571				0.2

		TH = -3dB		8.86		8.85		-0.1128668172		9.13		3.0474040632		19.53		11.2		26.4108352144				0.5

		TH = 0dB		8.86		9		1.5801354402		9.16		3.3860045147		16.47		11.37		28.3295711061				1

		TH = 3dB		8.86		9.03		1.9187358916		9.14		3.1602708804		14.26		11.35		28.1038374718				2

		TH = 7dB		8.86		8.96		1.1286681716		9.05		2.144469526		11.46		10.97		23.8148984199				5

		Case3, RR,Edge throughput (Kbps)		No relay		relay, no co,BS-UE		Gain (%)		relay, co,BS-UE		Gain (%)		RN Serving Ratio (%)		Type 1		Gain (%)

		TH = -7dB		85.55		56.87		-33.5242548217		84.96		-0.6896551724		24.98		50.37		-41.122150789

		TH = -3dB		85.55		79.47		-7.1069549971		91.24		6.651081239		19.53		60.81		-28.9187609585

		TH = 0dB		85.55		98.64		15.300993571		101.05		18.1180596143		16.47		55.68		-34.9152542373

		TH = 3dB		85.55		89.83		5.0029222677		92.55		8.1823495032		14.26		52.82		-38.2583284629

		TH = 7dB		85.55		89.59		4.7223845704		91.51		6.9666861485		11.46		41.8		-51.1396843951

		Case3, RR,Average throughput (Mbps)		No relay		relay, no co,BS-UE		relay, co,BS-UE

		TH = -7dB		8.86		8.36		8.89

		TH = -3dB		8.86		8.85		9.13

		TH = 0dB		8.86		9		9.16

		TH = 3dB		8.86		9.03		9.14

		TH = 7dB		8.86		8.96		9.05

		Case3, RR,Edge throughput (Kbps)		No relay		relay, no co,BS-UE		relay, co,BS-UE

		TH = -7dB		85.55		56.87		84.96

		TH = -3dB		85.55		79.47		91.24

		TH = 0dB		85.55		98.64		101.05

		TH = 3dB		85.55		89.83		92.55

		TH = 7dB		85.55		89.59		91.51

		Case3, RR,Average throughput (Mbps)		No relay		Type 1		Gain (%)		RN Serving Ratio (%)

		TH = -7dB		8.86		11.05		24.7178329571		24.98

		TH = -3dB		8.86		11.2		26.4108352144		19.53

		TH = 0dB		8.86		11.37		28.3295711061		16.47

		TH = 3dB		8.86		11.35		28.1038374718		14.26

		TH = 7dB		8.86		10.97		23.8148984199		11.46

		Case3, RR,Edge throughput (Kbps)		No relay		Type 1		Gain (%)		RN Serving Ratio (%)

		TH = -7dB		85.55		50.37		-41.122150789		24.98

		TH = -3dB		85.55		60.81		-28.9187609585		19.53

		TH = 0dB		85.55		55.68		-34.9152542373		16.47

		TH = 3dB		85.55		52.82		-38.2583284629		14.26

		TH = 7dB		85.55		41.8		-51.1396843951		11.46
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		对30db				PC1:步长1db，上下限+-1db;										PC2:步长1db，上下限+-2db;										PC3:步长1db，上下限+-3db;								PC4:步长1db，上下限+-4db;

						PC5:步长1db，上下限+-5db;										PC6:步长1db，上下限+-6db;										PC7:步长1db，上下限+-7db;

		对37db				PC1:步长1db，上下限+-1db;										PC2:步长1db，上下限+-2db;										PC3:步长1db，上下限+-3db;								PC4:步长1db，上下限+-4db;

						PC5:步长1db，上下限+-5db;

		MBSFN:1

		RR

		M1_RA

		Average Throughput(Mbps)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		10.69		10.96		11.04		11.05		11		10.96		10.96		10.92

		P=37dBm		11.13		11.33		11.28		11.3		11.31		11.32

		M1_RA

		Edge Trhoughput(Kbps)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		55.22		65.88		68.64		67.65		69.63		69.72		70.76		71.86

		P=37dBm		39.65		54.22		60.71		62.65		67		66.93

		M1_RA

		RN Serving Ratio(%)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		10.97		10.66		10.54		10.17		9.88		9.66		9.57		9.34

		P=37dBm		16.47		15.77		15.32		14.71		14.28		13.95

		M1

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		RN Serving Ratio(%)		10.97		11.72		12.56		13.22		14.13		14.61		15.7		16.47

		M1

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		Average Throughput (Mbps)		10.69		10.79		10.96		11.03		11.07		11.09		11.16		11.13

		M1

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		Edge Throughput (Kbps)		55.22		58.41		56.4		54.87		52.15		47.43		40.71		39.65

		M1_RA

		RN Power Saving Ratio(%)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		0		9.78		14.41		17.71		17.03		14.59		11.08		7.68

		P=37dBm		0		14.12		22.95		28.41		31.75		33.07
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		对30db				PC1:步长1db，上下限+-1db;										PC2:步长1db，上下限+-2db;										PC3:步长1db，上下限+-3db;								PC4:步长1db，上下限+-4db;

						PC5:步长1db，上下限+-5db;										PC6:步长1db，上下限+-6db;										PC7:步长1db，上下限+-7db;

		对37db				PC1:步长1db，上下限+-1db;										PC2:步长1db，上下限+-2db;										PC3:步长1db，上下限+-3db;								PC4:步长1db，上下限+-4db;

						PC5:步长1db，上下限+-5db;

		MBSFN:2

		RR

		M2_RA

		Average Throughput(Mbps)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		10.69		11.14		11.39		11.55		11.67		11.69		11.75		11.73

		P=37dBm		12.15		12.53		12.55		12.66		12.65		12.6

		M2_RA

		Edge Trhoughput(Kbps)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		43.12		50.06		49.78		49.72		50.41		50.55		50.88		50.41

		P=37dBm		43.49		50.25		51.03		50.81		51.27		51.63

		M2_RA

		RN Serving Ratio(%)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		10.96		11.06		11.07		11.19		11.18		11.22		11.19		9.34

		P=37dBm		16.46		16.63		16.5		16.42		16.51

		M2

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		RN Serving Ratio(%)		10.96		11.71		12.56		13.21		14.14		14.63		15.72		16.46

		M2

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		Average Throughput (Mbps)		10.69		10.89		11.27		11.53		11.7		11.91		12.04		12.15

		M2

		P		30dBm		31dBm		32dBm		33dBm		34dBm		35dBm		36dBm		37dBm

		Edge Throughput (Kbps)		43.12		47.65		46.27		47.68		47.09		44.44		44.26		43.49

		M2_RA

		RN Power Saving Ratio(%)		NOPC		PC1		PC2		PC3		PC4		PC5		PC6		PC7

		P=30dBm		0		-3.48		-10.63		-19.86		-33.52		-47.03		-61.87		-76.56

		P=37dBm		0		0.96		-2.8		-10.21		-17.97		-27.2
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