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1. Introduction
Relaying has been adopted in LTE-Advanced as an enhanced technology to enable traffic/signaling forwarding between eNB and UE for better coverage in heavily shadowed areas or new areas beyond cell range, and throughput improvement especially for cell-edge users.
Type I [1] and Type II [2] relays have been specified as two categories of relaying technologies in LTE-A. Type I relay node (RN) has its own physical cell ID and essentially can be considered as a low-power eNB with a wireless in-band backhaul connected to its donor cell. For Type II relay, it should not have a separate cell ID and thus be transparent to UEs. According to the features of Type I and Type I relay, there could exist different operation modes for data transportation and control signaling in different deployment scenarios. If the eNB and RN transmit different data or control signal in the same frequency/time resources, the interference will occur.
In this contribution, potential interference between eNB and RN in the downlink is discussed for these two types of relays for several typical scenarios. The simulation results for SINR under RN or eNB’s coverage are given, which may provide some insights for the impact of introduction of RN on conventional system performance, or may be helpful to the optimized relay deployment, operation mode selection in different applicable scenarios, and control signal design etc.
2. Interference analysis 
2.1 Interference analysis for data transportation
For Type-I relay, it shall have its own Physical Cell ID and appear to a UE as a separate cell distinct from the donor cell. Such RN shall have its own scheduler to allocate the resources for its subordinate UEs. The scheduling strategy may be coordinated with eNB to avoid interference or be performed independently. eNB and RN may simultaneously transmit each own data using the same time/frequency resource, which results in interference for data reception at UE as shown in Figure 1.
For Type II relay, eNB and RN may (1) use orthogonal resources to transmit data through scheduling by eNB or (2) reuse the same resources to transmit different data just like Type I relay as shown in Figure 1. 
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2.2 Interference analysis for control signal

For Type-I relay, the relay node shall transmit its own synchronization channels, reference symbols, and control signals, e.g. PBCH, PDCCH, etc. As Type I RN is taken as an independent eNB from the viewpoint of UE, the RN and eNB have to simultaneously transmit different control signal using the same time/frequency resource. Thus extra interference is incurred for control signal reception at UE.
Type-II relay shall be transparent to UEs by its definition. There may be two main operation modes for control signal transmission for Type-II relay:

(1) Only eNB transmits control signal while RN keeps silence.

(2) The eNB and RN simultaneously transmit the same control signal through cooperation, which can be combined at UE. For the throughput enhancement scenario, UE receives combined control signals from eNB and RN. For the coverage extension scenario, UE may get the control signals from RN only. 
These two possible transmission modes are shown in Figure 2.
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Figure 2: Different control signal transportation modes for Type II Relay 

3. Simulation configurations
As shown in Figure 3, a cellular network with sectored cells is formed. There are 7 cells and each cell consists of 3 sectors. In each sector, two relay nodes are deployed in a distance of 2/3 cell radius from the eNB.
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Figure 3: Simulation deployment
The pathloss model and simulation parameters follow that in TR 25.814[3] and TR 36.814[4], which is given in table I and table II.
Table I Pathloss model

	Macro to relay : L=124.5 +37.6log10(R) （2GHz，R in km） for backhaul to macro

	Relay to UE: 
L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R)  For 2GHz, R in km Where,
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))
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.


Table II Simulation parameters

	Parameter
	Assumption

	Simulation case
	CF: 2GHz, ISD: 500m (case 1 ) or 1732m (case 3 ), 10MHz

	Channel model
	fast fading modelling is disabled 

	Total eNB TX power (Ptotal)
	46 dBm

	Total RN TX power
	30 dBm 

	# RN per macro-cell
	2

	Distance-dependent path loss
	Shown in Table I

	Shadowing standard deviation
	eNB-to-UE: 8 dB
RN-to-UE: 10 dB

	Penetration Loss
	eNB-to-RN: 0 dB
RN-to-UE: 20 dB
eNB-to-UE: 20dB

	Antenna pattern  (horizontal)
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eNB-to-RN   :                                                                                 
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dB

q

= 70 degrees,  Am = 25 dB

RN-to-UE:  Omnidirectional antenna
eNB-to-UE: The same as eNB-to-RN                                                                                 

	Antenna gain
	eNB: 14dBi; RN: 5dBi


Different radio links would experience different link quality at a given time due to shadowing and interference, it is possible for the each UE to achieve additional coverage/throughput gains by choosing the ‘best’ path from multiple candidate ones by a certain path selection criteria. In our simulation, the serving node selection rule is based on maximum received power among all macro eNBs and relay nodes.
4. Simulation results
4.1 SINR CDF for data transportation
According to the analysis of the data transportation scenario in section 2.2, we consider three simulation scenarios for data transmission: (1) eNB and RN reuse the same resources to transmit different data simultaneously; (2) Only RNs reuse the same resources, while orthogonal to eNB; (3) eNB and all RNs use orthogonal resources to transmit data through scheduling. There are possibly different kinds of interference sources for the simulation.
(a), Assuming all neighbor cells use the same TDM scheduling for relay link / access link resource allocation to let all RNs occupy the same subframe resource. Thus relay UE only suffer interference from neighbor RNs.

(b), Relay UE may suffer interference from neighbor eNBs only. It is reasonable assuming the case that RN is deployed in the serving eNB cell, and neighbor cell does not deploy RN. 

The SINR CDF under RN’s coverage and eNB’s coverage are illustrated in Figure 4 for Case-1 defined in 3GPP. 
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4-a. SINR CDF under RN’s coverage
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4-b. SINR CDF under eNB’s coverage
Figure 4: SINR CDF results for data transportation in different scenarios
From the results in Figure 4, orthogonal transmission can effectively reduce downlink intra-cell interference for the UEs served by RN or eNB, which can be easily implemented for Type-II relay through the scheduling at eNB. As for Type-I relay, if eNB and RN transmits different data simultaneously, it gets bad access link quality. However, the extra frequency reuse gain can be achieved. The tradeoff should be evaluated later. In case of mode 2 where only RN resource reuse, the SINR performance is degraded due to spectrum reuse among relay nodes, however, this degradation is small because the main interference comes from eNB. The higher spectrum efficiency achieved by spectrum reuse may fully compensate this loss, thus drastically improve the performance of the whole cell. Regarding the data transmission in cooperation between eNB and RN, the SINR CDF results are similar to collaborative control signal transmission, which will be given in next section. 
4.2 SINR CDF for control signaling
For Type-I relay we simulate a more general scenario when all nodes transmit different control signal using the same time/frequency resource. As for Type-II relay, we consider two operation modes (1) Only eNB transmits while RN keeps silence (2) eNB and RN simultaneously transmit the same control signal through cooperation. The SINR CDF results under RN’s coverage and eNB’s coverage are given in Figure 5 for Type-I and Type-II relay. 
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5-a. SINR CDF under RN’s coverage
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5-b. SINR CDF under eNB’s coverage 
Figure 5: SINR CDF results for control signal transmission 
As seen in Figure 5-a, for the UEs served by Type-II relay operated in mode 1, the control signal is only from donor cell eNB and may be attenuated, the UEs may suffer interference from other eNB. While for Type-II relay operating in mode 2, it is obvious to observe the control signal quality improvement through the cooperation between eNB and RN. It can be seen from the Figure 5-b that RN causes very little interference to UEs under eNB’s coverage.
5.  Conclusion
The potential interference between eNB and RN in different scenarios is discussed in this contribution. For Type-I relay, the data interference reduced by coordinating the schedulers at eNB and RN. While for control signal, the interference could be reduced through reasonable cell planning or employing some interference coordination technologies such as collaborative power allocation etc. For Type-II relay, it can work more flexibly through the scheduling at eNB, e.g. cooperation or non-cooperation mode, it is possible to mitigate interference by properly selecting operation mode in different scenarios. The interference analysis is one of issues for LTE-A. Many other factors should be also considered for evaluating LTE-A relay. For example, Type II relay may have less control signal overhead, transparent intra-cell handover for UE. Type I relay may achieve extra frequency reuse gain. Different types of relay have their own application scenarios and usage cases.
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Figure � SEQ Figure \* ARABIC �1�  Illustration of interference for data transportation
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