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1. Introduction 

In light of the agreement in RAN1 #56bis [1], the type II relay should included in LTE-A era to enhance the cell edge throughput or extend the coverage. Cooperative and non-cooperative relay are candidate solutions for type II relay [2] [3]. Moreover, two kinds of demodulation RS for type II relay are potential for type II relay, i.e., CRS and URS [4]. Since sharing the same physical Cell ID, the CRS from RN and eNB will map to the same resource elements (REs) with the same generation sequence [5], which may bring the CRS interference to the system.
This contribution analyzes the potential interference resulting from the CRS superposition and provides the initial simulation results to show the interference level. Furthermore, the candidate solution is proposed that is combined with the relay UE selection.

2. Interference analysis resulting from the CRS superposition
Whether a UE is a relay UE or not? The straightforward answer is the UE should be a relay UE if the RN received power exceeds the eNB received power by certain margin. Based on that assumption, the interference analysis is unwrapped for relay UEs and macro UEs respectively:

· For macro UEs

The macro UE figures out the channel parameters
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are the channel parameters of the eNB->macro UE and RN->macro UE respectively. While the received data at the macro UE side is: 
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is the received and transmitted signals respectively.

When the UE is close to the relay area, 
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 can’t be omitted and unacceptable error will occur if using 
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· For relay UEs

The relay UE utilizes the overlapped CRS for channel estimation and measurement. For cooperative relay, there is no CRS superposition issue since the eNB and the RN coordinately transmit the DL data for the relay UE. While for non-cooperative relay, the interference does exist and is similar as macro UEs.

It should be noted that the interference occurs only if the relay employ both CRS and none-cooperative relay. Table 1 summarizes the interference scenarios due to the CRS superposition.

Table 1 Interference analysis in type II relay
	                      Demodulation RS

Transmission
	CRS
	URS

	Cooperative relay
	No
	No

	None-cooperative relay
	Yes
	No


Initial simulation results have been provided to roughly illuminate the CRS superposition issue via figuring out the MSE of the estimated channel parameters. The simulation parameters are listed in table 

Table 2 Simulation parameters
	Parameters
	Values

	Carrier frequency
	2.0 GHz

	Transmission bandwidth
	10 MHz (FFT size N=1024)

	Downlink Resource Block number 
	50

	Spatial Channel model
	3GPP SCM

	Tx Power (eNB/RN) [7]
	46dBm / 30dBm

	Antenna Gain (eNB/RN) [7]
	14dBi / 5dBi

	Antenna port
	Single

	Velocity
	3kmph

	Channel estimation
	LS

	ISD
	500m                 (Case 1)

	
	1732m                (Case 3)

	Relay radius
	30                    (Case 1)

	
	150                   (Case 3)

	Distance between eNB and RN (d)
	243, 253, 263           (Case 1)

	
	700, 800, 900           (Case 3)


For the channel between RN and UE, we apply the improved one proposed by China Mobile and Vodafone in 56bis [6]. For the channel between eNB and UE, we apply the original model from [7].
In the following simulation results, let Dis_eNB_RN be the distance between eNB and RN, and Dis_UE_RN be the distance between RN and UE. The UE is assumed to move from the eNB towards the RN. If the RN’s position is set as zero, and the UE’s position moves from –d to d, where d equals 30m for Case 1 and 150m for Case 3, respectively. 
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	Fig. 1 MSE in Case 1
	Fig. 2 MSE in Case 3


As shown in Fig.1 and Fig.2, the MSE resulting from the CRS superposition obviously changes along with the accretion of the RN radius. If we set 
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 to be the lower bound of channel estimation for conventional work, it can be found that the channel estimation results can be acceptable when Dis_UE_RN < 10m for case 1 and Dis_UE_RN < 50m for case 3 when UE is on the cell edge. In addition, the simulation can equivalently illuminate the CRS interference on macro UEs when they are close to the RN.
3. Solutions towards the CRS superposition problem

The macro UEs and relay UEs with non-cooperative transmission are subject to the CRS superposition interference especially when locating at the edge of the relay area, which can be overcome by the relay UE selection scheme:

· The macro UE interfered by the CRS superposition should be classified as “relay UE”, and perform cooperative or URS-based relay.

· The relay UE interfered by the CRS superposition should also perform the cooperative or URS-based transmission.

That is, the relay area could be classified as two parts – relay area 1 and relay area 2. For the relay UEs within relay area 1, all types of type II relay (cooperative/non-cooperative/CRS-based/URS-based relay) are applicable. While for the relay UEs in relay area 2, only cooperative or URS-based relay are supported.
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Fig. 3 Relay area extension targeting the CRS superposition
Fig. 3 is an illumination of the solution. The RN areas (1&2) are determined by the RN/BS received power. Below we will clarify how to determine the RN area 1 & 2 based on some assumptions:
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From the UE point of view, the SIR on the CRS is:
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Two thresholds 
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 should be predefined, and the definition of relay area 1 & 2 is shown in table 2.
Table 2 relay area 
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4. Conclusions
Targeting the CRS superposition in type II relay, this contribution analyzes the interference on the macro UEs and relay UEs especially when locating at the relay area 2. In order to overcome that kind of interference, we suggest that CRS SIR should be considered to define relay area 2, and the UEs locating at the relay area 2 should employ cooperative or URS-based relay.
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