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1 Introduction
In RAN4 adhoc #01 meeting in Sophia Antipolis, the RN (Relay Node) specification for Rel-10 was discussed at main session, and some companies supported in making new specification for Relay RF performance requirements. From [1] we can get the point that the Relay in LTE-A system is not just a repeater to amplify and forward the received signals from the source at the physical layer, but a L2 Relay Node which can decode and re-encode the received data blocks from the source in order to improve coverage and throughput.
Although many specifications have been discussed and analyzed, one area that has not been thoroughly investigated is how UEs to be connected to a serving node (Relay or NodeB) , this subject has been discussed in[4].
The purpose of this contribution is to introduce two access modes for UEs in LTE-A system, and then we will simulate the two different arithmetics to analyze the capabilities for both of them.
2 Discussion
It is well known that in LTE Release 8 system, we use the access method which is based on the RSRP at the view of UE for being assigned to a node, but as the more complicated situation in LTE-A system, we may need to figure out some effective and realizable access methods to give better service for Relay system. There is not much doubt about that the condition of wireless channel and UE location in the macro cell need to be considered integrate in Relay LTE-A system.

We discuss access methods based on the situation which are the relay’s distance calculating usually by the value of RSCP/RSRP from UEs and the relay’s backhaul link gain, and the discussion are listed as follows:
2.1 Access method based on distance
In the first scheme, UEs select the relay as the node with the minimum spatial distance from the source. This scheme turns out to be energy-efficient and it is easy for LTE-A system to achieve as the information of distance can be easily acquired.

But there will be some problems, if we choose this method as the UE access method in LTE-A Relay system. For example, in the urban scenario, if some hot points coverage too many UEs as the centre of city, the relevant relay will have large traffic loads and appear communicate backup with a high possibility. So we hope to find a scheme which can achieve load diffluence and balance.

2.2 Access method based on access link SINR
A recent research focus is an access method based on SINR, which considers interference and channel condition synthetically. 

Figure 1 shows the system layout of two macro cells with 2 relays in each sector (configured by table 2-1) as the configurations in [2], at a distance of 1.5 times the radius of the macro cell. First of all, we assume the UE1 as the target user during our analysis. From the system layout, it is not difficult to find out that UE1 is surrounded by access nodes which are located in the donor cell and neighbour cells (we omit the other five neighbour systems provisionally).

In this access method, the target UE will receive reference signal which is sent out at a constant power from NodeB and Relay on the BCCH. Then UE1 will calculate the quality information of each channel by using SINR as the reference variable. In the end, the access node with the best quality information will be chosen as the serving node. Using the method can achieve an improvement of system throughput and high-efficiency of frequency resources. What is more, we will get the effect of interference elimination by considering not only noise but also interference as well.
The process mentioned above can be described as follow:
· Choose one Relay or NodeB as the reference node and measure the received reference signal power on the BCCH.

· Choose other Relay and NodeB as the interference node and measure the received reference signals power on the BCCH.

· Calculate the CQI (channel quality information) by the formula 2.1.

· Choose the channel with the best CQI and make the relevant node (Relay or NodeB) as the serving node.
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 SINRk is the SINR of antenna k, and NR is the amount of UE antennas. The calculation of SINRk is as follows:
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In this formula:
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: the transmit power of antenna on target node (Relay or NodeB) to Donor UE1.
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: the transmit power of antenna on Relay located in system layout to UE1.
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: the transmit power of antenna on NodeB located in system layout to UE1.


[image: image6.wmf]1

,

ik

LossA

: the pathloss between target node (Relay or NodeB) and UE1 calculated by the formula “Relay to UE” or “Macro to UE” in table 2-1.
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: the pathloss between NodeB and UE1 calculated by the formula “Macro to UE” in table 2-1.
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: the pathloss between Relay and UE1 calculated by the formula “Relay to UE” in table 2-1.
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: Thermal noise power.
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: total amount of Relays and NodeBs located in system layout.
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 : total amount of antennas configured on UE1.
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: total amount of antennas configured on Relay and NodeB located in system layout.

Fading : the Fading in the formula include slow-fading fast-fading, which is between the corresponding antennas.
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Figure 1.Relay LTE-A system layout
Table 2-1.System simulation baseline parameters for RN

	Parameter
	Assumption

	Equipment
	Relay

	Nodes per macro-cell
	1, 2, 4 or 10
Note: for femto cells, this number represents the number of clusters. The number of femto cells in each cluster is FFS.

	Distance-dependent path loss from new nodes to UE*1
	Macro to UE:

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

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 20dB

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)/1.0)
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)
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))


2.3 Simulation result and analysis
We simulated the two access methods in different situations of case1 (ISD = 500m) and case3 (ISD = 1732m) hexagonal grid, 7 cell sites, 21 sectors with BTS in the corner of the cell, and the simulation assumptions are listed in annex. The simulation results are as follows:
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Figure 2.UpLink UE average throughput CDF (ISD = 500m)
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Figure 3.UpLink UE average throughput CDF (ISD = 1732m)
From the result above, we can see that the access method which is based on SINR can improve a small amount of throughput for Relay system in the situation of case 1 (ISD=500m). In the situation of case 3 (ISD=1732m), also the improvement is not obvious. But in the situation of SINR, it will take relay much more overhead to deal with the calculation. As the increase of complication, the handover of UEs will become much more reiterative and delay will be an intractable problem. So we’d better choose the method based on distance (RSRP) between user and serving nodes, as this case is more effective than the method based on SINR of BCCH.
3 Conclusions
· The two methods provide nearly the same contribution to the improvement of LTE-A system throughput.
· The method based on distance between user and serving nodes is more effective than the method based on SINR of BCCH.
In this contribution, we mainly discuss and analyze two UE access methods based on different terms. We can see that LTE-A system is very different form the LTE system, the condition of wireless channel and UE location in the macro cell need to be considered. From the simulation results we can see that, the benefit of access method based on access link SINR is small compared to method based on distance. Since the latter is much simplified, we prefer it as the basic UE access method.
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Annex: Simulations assumptions

A.1:
Assumptions

The simulation carried out in the 2.0 GHz band with assumptions summarized in the following table.

Table A-1: Simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2000 MHz

	System bandwidth
	10 MHz(aggressor),

10 MHz(victim)

	Cellular layout
	Hexagonal grid, 7 cell sites, 21 sectors

with BTS in the corner of the cell

	Relay position
	located at 0.5 R (cell radius) from the eNodeB in the aggressor

none in the victim

	Wrap around 
	Employed

	Inter-site distance
	500m,1732m

	Traffic model
	Full buffer

	UE number/cell
	100

	Pathloss model
	ISD=500m

No Site planning
LOS scenario: PLLOS (R)=100.7+23.5log10(R)

NLOS scenario: PLNLOS (R)= 125.2+36.3log10(R)

LOS Probability function: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

MCL is: [65] dB 
Lognormal shadowing standard deviation: 6 dB

ISD=1732m

Without site planning

LOS scenario: PLLOS (R)=100.7+23.5log10(R)

NLOS scenario: PLNLOS (R)= 125.2+36.3log10(R)

LOS Probability function: Prob(R)=exp(-(R-0.01)/1.15)

MCL is: [75] dB

Lognormal shadowing standard deviation: 6 dB

	BS antenna gain
	15 dBi

	Relay backhaul antenna gain
	7dBi

	White noise power density
	-174 dBm/Hz

	Scheduling algorithm
	 Round Robin

	LTE RB width
	180kHz

	LTE-A RB number per RN
	50

	Environment
	Macro Cell, Urban Area, uncoordinated deployment

	 RN Noise Figure
	 5dB
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