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1. Introduction
For relay deployment in TDD system, when the transmission direction of backhaul link or access link is reverse to that in neighbor cells at the same time, the interference will deteriorate the reception SINR and degrade the system performance severely. In this contribution, five different interference scenarios are analyzed and studied quantitively.
2. Discussion
In this section, five different interference scenarios are analysis and studied quantitively. The RNs are placed such that one eNB holds three cells and every cell has one RN at the cell edge which is the farthest from eNB in the cell, which is shown in Fig.1. This typical RN deployment in LTE-A network is also captured in the contributions [1][2].
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Fig.1 eNB and RN location

In the interference simulation, only the interference from one neighbor cell is considered, so the inter-cell interference (ICI) obtained ultimately is the minimum interference in the corresponding scenario. In the simulation results, if some UEs in certain areas could not communicate with eNB correctly, more UEs in larger areas could not work correctly in the real circumstance if we take ICI from more than one neighbor cells into account. 
The five different interference scenarios are:
Scenario 1: ICI from the backhaul link downlink to the simultaneous uplink transmission in the neighbor cell.
Scenario 2: ICI from the backhaul link uplink to the simultaneous downlink transmission in the neighbor cell.
Scenario 3: ICI from the downlink transmission in the neighbor cell to the backhaul link uplink. 
Scenario 4: Interference from the uplink transmission of macro UEs to the PDCCH reception of Relay UEs..

Scenario 5: Interference from the PDCCH transmission of RN to the eNB’s reception of macro UEs’ uplink transmission..
Our simulation results will give the received SINR of the interfered link. And Table.2 in the Annex A gives all simulation assumptions which is mainly according to 3GPP case1 and case3 [3][4].  
2.1.  Scenario 1
As shown in figure 2, the eNB’s reception of uplink (blue) in the neighbor cell is interfered by the backhaul link  downlink (red) and the received SINR of uplink reception at the eNB in neighbor cell is simulated.
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Fig.2 eNB and RNs placement
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Fig.3a                                                               Fig.3b

Fig.3 Received SINR of uplink subframe at the eNB in neighbor cell
Fig.3 shows the simulation result, noting the highest SINR point is the site of eNB. Fig.3a shows the three dimension results of reception SINR of eNB in neighbor cell. Fig.3b shows the received SINR of eNB in neighbor cell according to the position of UE transmitting uplink data. We can see that almost 40% of areas in the cell corresponds to reception SINR lower than -5dB, which is about the minimum required SINR for PUSCH demodulation [5]. So with the interference from the backhaul link downlink in the neighbor cell, the PUSCH can not be correctly demodulated at the eNB in nearly half of the cell area. If interference comes from multiple cells other than only one cell are taken into account, the uplink transmission in the most part of cell area could not work. Also we assume that eNB limits its transmitting power to the minimum value in order to make RN have 10dB received SINR in the backhaul link but the RN’s reception in backhaul link usually requires SINR higher than 10dB, which means higher transmitting power at the eNB is required and higher interference to the uplink in neighbor cells.
On the other hand, even if a RN or many RNs exist at the most far location or low SNR areas in the cell and UEs attached to these RNs could work, but these RNs would increase the ICI and still many macro UEs could not work. 
2.2. Scenario 2
In this scenario, the downlink transmission in the neighbor cell (blue) is interfered by the backhaul uplink, and the received SINR of downlink transmission at the different UEs in neighbor cell is simulated.
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Fig.4 eNB and RNs placement
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Fig.5a                                                                   Fig.5b

Fig.5 Received SINR of downlink subframe at the different UEs
Fig.5 shows the simulation result, noting the highest SINR point is the site of eNB. Fig.5a shows the three dimension results of reception SINR. Fig.5b shows that the received SINR of downlink transmission at UEs with different location in the cell. We can see that most of area in the cell has reception SINR higher than 5dB, so eNB and UEs could communicate correctly in this scenario. Of course, uplink backhaul will introduce interference to neighbor cell, but the interference is limited because the transmitting power of RNs is relatively low, only about 30dBm
For this scenario, RN uses the minimum transmitting power corresponding to the 10dB received SINR at the eNB. And 10dB SINR is assumed to be the minimum value to keep backhaul link work correctly.
2.3. Scenario 3
In this scenario, the backhaul uplink is interfered by the downlink transmission in the neighbor cell, and the received SINR of uplink backhaul at the donor eNB is simulated.
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Fig.6 eNB and RNs placement in scenario 3
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Fig.7 Received SINR of uplink backhaul subframe at donor eNB
In this scenario, the interference exists between the donor eNB and eNB in the neighbor cell. Since the distance between eNB and eNB is fixed, we only study the relation between received SINR of uplink backhaul at the donor eNB and the Tx power of eNB in the neighbor cell.

Fig.7 shows that when the transmitting power of eNB in neighbor cell is lower than 30dBm, the received SINR of uplink backhaul at the donor eNB is larger than 10dB which is assumed to be the minimum required SINR for backhaul link.  However, the transmitting power lower than 30dBm for eNB is inapplicable for it will limit many application and system throughputs. So if the eNB in neighbor cell works with normal transmitting power larger than 30dBm, the backhaul uplink could not work any more.
2.4. Scenario 4
In this scenario, the reception of PDCCH for relay UEs is interfered by the uplink transmission of macro UEs in the neighbor cell and the SINR is simulated.
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Fig.8 eNB and RNs placement in scenario 4
[image: image46.wmf][image: image11.png]SNR-RN2UE(IE)

d-RN2UE(rm)

G-UE2UE(m)

100

0

10



[image: image12.png]



Fig.9a                                                                          Fig.9b
Fig.9 Received SINR of PDCCH of UEs attached to RN
In Fig.9, y axis denotes the distance between RN and the relay UEs, and x axis denotes the distance between the relay UEs and marcro UEs in the neighbor cell. For example, the value at the point (40, 20) in Fig.9b denotes the received SINR of PDCCH for relay UE when the relay UE locates at 20m away from the RN and the macro UE in the neighbor cell locates at 40m away from the relay UE. From Fig.9 we could see that the area with reception SINR higher than -2dB (the PDCCH demodulation requirements) is very small. Noting that RNs could have only about 15m radius in the simulation in order to obtain required SINR for PDCCH, thus considering the normal cell radius served by RN is about 46m, the PDCCH could not work any more.
2.5. Scenario 5

In this scenario, the uplink transmission of macro UEs in the neighbor cell is interfered by the transmission of PDCCH from relay, and the received SINR of uplink transmission from macro UEs at the eNB in the neighbor cell is simulated.
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Fig.10 eNB and RNs placement in scenario 5
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Fig.11a                                                               Fig.11b
Fig.11 Received SINR of uplink subframe of macro UEs in the neighbor cell
Fig.11 shows the simulation results when UEs in neighbor cell locate randomly in the whole cell. We could see that almost all the received SINRs are lower than 0dB and the uplink cannot work correctly because the interference is too high.
3. Conclusion
In this contribution, we analyse and simulate five relay scenarios in TDD system when the interference between downlink and uplink transmission exists. Table.1 gives a short conclusion.

Table.1 A short conclusion about interference in TDD relay system

	Scenario
	Signal
	Interference
	Interference impact

	1
	the uplink transmissions from different UEs in the neighbor cell
	downlink backhaul transmission
	Most of UEs could not work

	2
	downlink transmission in the neighbor cell
	uplink backhaul transmission
	Could work

	3
	uplink backhaul transmission
	downlink transmission in the neighbor cell
	eNB transmitting power is limited to lower than 30dBm to control the interference

	4
	Reception of PDCCH for relay UEs
	uplink transmission of macro UEs in the neighbor cell
	relay UEs could not demodulate PDCCHs correctly

	5
	uplink transmission of macro UEs in the neighbor cell
	PDCCH transmitted from the Relay
	Almost all UEs could not work


From Table.1 we could see that only scenario 2 could work because of the low transmitting power of RNs, and other 4 scenarios could not work. 
So we could get conclusions that for TDD relay system, when the interference between uplink and downlink transmission exists, the whole system could not work.
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5. Annex A. 
Table.2 Simulation Assumptions
	Inter-cell distance(m)
	500

	Minimum distance between eNB and the UEs in the neighbor cell(m)
	10
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