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1. Introduction
In TR36.814 [1], it is stated that “Relaying is considered for LTE-Advanced as a tool to improve, e.g., the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas.” In RAN1#56, it is agreed that at least Type 1 relay node is part of LTE-A [2]. Type 1 relay is an inband relay node and appears to a UE as a separate cell distinct from the donor cell. Later on, in RAN1#56bis Type 2 relay has been specified and supported in [3] as part of LTE-A relay technologies. Type 2 relay is defined such that the relay node should not have a separate cell ID and thus would not create any new cell(s).
In this contribution, control signalling transmission schemes in downlink for Type 1 and Type 2 relay applications are discussed. Different types of relay have their own application scenarios and usage cases. However, in this study, we consider the common evaluation scenario, i.e., classical cellular layout with relay nodes sited within each cell/sector.
2. Control Signalling Transmission

2.1 Considering Type 1 Relay 
It is the common understanding that Type 1 relay node has its own physical cell ID (defined in LTE Rel-8) and it shall generate and transmit its own control signals, e.g. synchronization channels, reference symbols, H-ARQ channel, scheduling information and so forth [1]. For control signaling transmission, since cell (eNB) and relay node are using the same time/frequency resource to transmit, it results in extra interference for control signal reception at UE. To exemplify this, as shown in figure 1, under Type 1 relay node coverage, the interference comes from other nodes (including cells and relay nodes).
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Figure 1. Example of control signaling transmission for Type 1 relay 
2.2 Considering Type 2 Relay
Type 2 relay is defined such that relay node doesn’t has its own Physical Cell ID and thus should be transparent to UEs (at least for Rel-8 UEs). Here we consider the case that Type 2 relay does not generate its own control signals, e.g. CRS, PDCCH, BCH. In this case, there could be two control signalling schemes for the Type 2 relay to operate [4].
Scheme 1: Only donor cell (eNB) transmits control signal (i.e. relay node does not help to transmit control signals)
In this scheme, when donor cell is transmitting control signals, relay node is keeping silence. An UE receives control signals only from donor cell in spite of the UE being in eNB coverage or relay node coverage. In detail, by using this scheme, UEs suffer interference only from other cells. 
Scheme 2: Relay simultaneously transmits the same control signal as donor cell (eNB) does.
In this scheme, relay node helps to forward control signal from donor cell to UE and thus the UE can receive combined control signals from donor cell and relay node. When this scheme is employed, the interference comes from other cells and the relay nodes which belong to other cells.
Examples of scheme 1 and scheme 2 are shown in Figure 2(a) and 2(b), respectively.
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(a) Scheme 1                                             (b) Scheme 2

Figure 2. Examples of control signaling transmission for Type 2 relay 
3. Simulation Assumptions
The simulation is conducted for macro-cell deployment Case 1 and Case 3 defined in 3GPP. Simulation parameters follow that in TR 36.814 and show in Table 1. The network deployment is a classical 57 cells network. The number of relays in each cell is two and relay nodes are located in a distance of 2/3 cell radius from the cell-site [4]. UEs are uniformly distributed over the network and further, we don’t consider fast fading. 
Table 1. Simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3sector per site.

	ISD
	Case 1: 500m   Case 3: 1732m

	CF (GHz)
	2 GHz

	BW
	10 MHz

	Channel model
	fast fading modelling is disabled 

	Total eNB TX power (Ptotal)
	46 dBm

	Total RN TX power
	30 dBm 

	 eNB-to-UE :

	Distance-dependent path loss
	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)
Prob(R)=0

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1

	Penetration Loss
	20dB

	Antenna pattern  (horizontal)
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	Antenna gain
	14dBi

	Minimum distance between UE and cell
	 >=35 m

	 RN-to-UE :

	Distance-dependent path loss
	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))


	Shadowing standard deviation
	10 dB

	Penetration Loss
	20dB

	Antenna pattern  (horizontal)
	 Omnidirectional antenna                                                                               

	Antenna gain
	5dBi

	Minimum distance between UE and RN
	 >=10 m


4. Simulation Results and Discussions
The SINR CDF results for Case 1 and Case 3 are demonstrated in figure 3 and 4, respectively. From the figures, one can see that Type 2 relay with scheme 2 outperforms Type 1 relay and Type 2 relay with scheme 1. The benefit of Type 2 relay with scheme 2 comes from the fact that eNB and relay node simultaneously transmit the same control signal through cooperation, and thus the desired signal power is increased. One can also find that the Type 2 relay with scheme 1 gets the worst performance. This is because when Type 2 relay with scheme 1 is adopted, the UEs who are under relay nodes coverage can only receive control signals from access link (or direct link). Note that we select the serving node based on maximum received power among all nodes.
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Figure 3. CDF of SINR results for Case 1
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Figure 4. CDF of SINR results for Case 3
The results of 5-percentile SINR and the percentage of low SINR UEs for Case 1 and Case 3 are illustrated in table 2 and table 3, respectively.  Here we define the low SINR UEs as those UEs whose SINR is lower than 0 dB. It shows that in Case 1, compared with Type 2 relay with scheme 1 and Type 1 relay, Type 2 relay with scheme 2 can provide 7 dB and 1.3 dB gains at 5-percentile SINR point, respectively, and the corresponding values are 3.6 dB and 1.1 dB in Case 3. Looking at the percentage of low SINR UES, there is at least 8~10% improvement by using Type 2 relay with scheme 2 when compared with the other two schemes.
Table 2. Cell edge performance for Case1
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Type 1 relay -4.21 31%
Type 2 relay with scheme 1 -9.99 41%
Type 2 relay with scheme 2 -3.04 21%




Table 3. Cell edge performance for Case 3
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Type 1 relay -5.59 41%
Type 2 relay with scheme 1 -8.06 45%
Type 2 relay with scheme 2 -4.45 33%




5. Conclusions
Control signalling transmission schemes for relay operation are discussed in this contribution. Using the same time/frequency resource, for Type 1 relay deployment, each relay node and cell transmit their control signals; for Type 2 relay deployment, we assume that Type 2 relay does not transmit control signals (scheme 1) or transmits the same control signals as donor cell does (scheme 2). Simulation results show that under the interested deployment scenario, we can get noticeable control signal quality improvements through the cooperation between donor cell and relay node (i.e., Type 2 relay with scheme 2), especially for low SINR region. However, how to forward the control signals to relay node (Type 2) in advance and avoid a large latency need more study. 
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