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1 Introduction
The RRM aspects have been investigated in last RAN4 meeting, it was proposed that the most of relevant mechanisms should keep the same as Rel-8/9 spec. In the study of resource allocation, we observed that the inter-cell/intra-cell relay interference will cause different level impacts to the capacity of relay nodes, so we think it necessary to discuss this topic.
The purpose of this contribution is to analyze the interference impacts. 
2 Discussion
In [1], section 2.2 lists two schemes designed for the frequency distribution:
· Access link uses the whole of frequency resources of the system

· Access link uses certain part of frequency resources of the system
Since LTE systems adopt OFDM as their accessing criteria, signals modulated on different frequency are orthogonal, and interference between each other could be mostly ignored. In that way, we figure out, the intra- and inter-cell interferences in the first scheme are much more seriously than in the second scheme. So in the discussion below, we hypothesise the first scheme as our criteria to discuss the impacts of interferences.
2.1 Discussion On Interference In Relay System
As the introduction of relay nodes in LTE-A system, the situation of wireless environment will become more complex than pure macro-cells network system and the types of interference also appear more various in relay system. First of all, we list the overall cases of interference as follow:
· Inter-cell interference:
· Neighbour-cell Relay access link -> relay backhaul link & UE downlink
· Neighbour-cell Relay backhaul link -> NodeB uplink& relay access link
· Neighbour-cell NodeB downlink-> relay backhaul link & UE downlink
· Neighbour-cell UE uplink-> NodeB uplink& relay access link
· Intra-cell interference:
· Identical-cell relay access link -> UE downlink & relay backhaul link
· Identical-cell relay backhaul link -> NodeB uplink & relay access link
· Identical-cell NodeB downlink-> relay backhaul link
· Identical-cell UE uplink-> relay access link
The interferences caused by neighbour-cell NodeBs and neighbour-cell UEs also exist. We focus on the interference related to relay nodes. Especially, the intra-cell interference caused by relay in figure as follow:
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Fig 1. Case of relay access link -> relay backhaul link
In some circumstances, the relay’s time-slot structure is not strictly synchronized with the other ones in the identical-cells (as described in fig2), so when RS2 is receiving backhaul link signals in downlink slot, RS1 is sending signals to its R-UE and the cross –slot create conditions for the production of intra-cell interferences. As our previous hypothesis, Relay UE and Macro UE use the same frequency resources, so the intra-cell interferences appear.
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Fig 2. Time-slot structure of relay nodes in downlink situation
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Fig 3. Case of relay backhaul link -> relay access link 
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 Fig 4. Time-slot structure of relay node in uplink situation 
Fig1-Fig4 depict the intra-cell interference caused by relay node as the RS1 is not strict synchronized as RS2.
2.2 Simulation For Different Cases Of Interference
To study the inter-cell/intra-cell relay interference, we simulate different scenes in relay system including case1 (ISD = 500m) and case3 (ISD = 1732m), and the simulation assumptions are listed in annex. 
Simulation profile:

· Type1: Non-Interference from the Relay in the same or neighbour cells is considered in the simulation

· Type2: Only the interference from the Relay in the neighbour cells is considered in the simulation
· Type3: Interference from the Relay in the same cells is considered in the simulation, 5% of the relay transmission power is assumed as interference to other relays backhaul link due to faulty timing synchronization
· Type4: 10% of the relay transmission power is assumed as interference to other relays backhaul link due to faulty timing synchronization in the simulation
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Fig 5. Simulation results for Scene case1 (ISD=500m)
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Fig 6. Simulation results for Scene case3 (ISD=1732m)
Table 1. Average backhaul link Throughput Loss (%)
	Scenario
	Type1 (Baseline) throughput (kbps/RB)
	Type2 Average Throughput loss (%)
	Type3 Average Throughput loss (%)
	Type4 Average Throughput loss (%)

	Case1
	15.8
	2.1%
	5.6%
	21.1%

	Case3
	23.2
	1.7%
	13.8%
	23.3%


2.3 Analysis Of The Interference Impact In Relay system
We set Type1’s throughput as baseline, and then superpose inter-cell relay interference as Type2 scene. At last, we superpose intra-cell relay interference as the worst situation. From fig5, fig6 and table1, we can conclude that the intra-cell relay interference will cause more serious impacts on the capacity of relay node than the inter-cell relay interference.  It shows, as the increasing of 
[image: image7.wmf]¶

 from 5% up to 10%, the impacts of intra-cell relay interference become more and more serious, especially in case3 (cells with relative large size), the average throughput drops 23.3%.

So from the simulation results above, we propose that it is necessary to consider the interference in RRM study.
3 Conclusions
Proposal: We propose that it is necessary to consider the interference in Relay RRM study.
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Annex: Simulation assumptions
A.1:
Assumptions

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, 5RNs/sector
with BTS in the corner of the cell
The RNs are located at 0.5 R (cell radius) from the eNodeB

	Wrap around 
	Employed

	Inter-site distance
	500m,1732m

	Traffic model
	Full buffer

	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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