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1
Introduction

Relay is an attractive technology to achieve network coverage extension and throughput enhancement. In recent RAN1 meetings, relay backhaul timing has been a hot topic. One of key aspects in relay timing discussions is the interference at backhaul subframe caused by other RN’s access DL transmission, which originates from the TDM scheme adopted between backhaul and access link. Such RN to RN interference was expressed as an important concern during the discussion of the Way Forward on R-PDCCH starting symbol [1].
In this contribution RN to RN interference is studied where we first identify the interference scenarios, followed by some quantitative analysis via system simulations. 
2
RN to RN Interference Scenarios
Backhaul interference was analyzed in [2]. We in this contribution focus on DL reception at RN interfered by other RNs’ access downlink transmission. We ignore the scenario when UL reception at RN is interfered by other RNs’ uplink backhaul transmissions, considering that RN uplink transmit power is usually very low (<23 dBm) given the much better channel condition in backhaul and antenna directivity/gain at RN. We also ignore the interference from same-cell RNs assuming the same backhaul subframe allocation is configured and propagation delay difference is small, e.g., same-cell RNs’ subframe boundaries are roughly aligned. 
Besides network geometry related parameters such as pathloss, transmit power, inter-RN distance, downlink RN to RN interference depends mainly on two factors: subframe allocation and subframe timing. The latter can be different between FDD and TDD systems. For example, TDD requires more stringent timing, e.g., 3s between neighbouring cells. For FDD, the network can be operated in either asynchronous or quasi-synchronous mode. In asynchronous FDD, timing offset between neighbouring eNBs is arbitrary, i.e., uniformly distributed over time. For quasi-synchronous FDD, the synchronization tolerance can be one OFDM symbol. Subframe timing mentioned here is the combination of DL timing schemes and propagation delay difference interfering RNs.
Let us take a closer look the time relationship in Figure 1 and Figure 2 where DL timing case 1 is assumed and RN1 to RN2 propagation delay is assumed negligible. Since an inband half-duplex relay cannot transmit and receive on the same frequency at the same time, the switching of Tx/Rx or Rx/Tx requires some guard period. Denote GP as the guard period of Rx/Tx and Tx/Rx switching. It is assumed thatthe sum of the first and the second GPs is shorter than OFDM symbol duration, i.e. 
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. Two OFDM symbols are assumed for access link control region, and normal CP is configured for access and backhaul subframe. Denote 
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 as the backhaul propagation delay of the two RN involved. 
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 represent the timing offset between backhaul and access subframes, for RN1 and RN2, respectively. Note, 
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are the total timing offset of the two RNs with regard to the transmission time at eNB. Assuming that RN switching time is longer than cyclic prefix and
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We can see from Figure 1 that if
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there would be no interference from RN1’s access link transmission to RN2’s backhaul link reception, or vice versa.
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Figure 1   delta< 
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For RNs belonging to the same eNB, 
[image: image12.wmf]delta

 is mainly the difference of the backhaul propagation delays. For typical 
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 value of 10s to 20 s, and a cell radius ranging from 500m to 2000m, it can be seen that Equation (4) is usually satisfied. For RNs belonging to different cells, 
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 depends also on timing offset between cells, so in general Equation (4) is no longer valid. The timing and the interference is illustrated in Figure 2. 
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In the following we list some relevant interference scenarios:
Scenario 1: Asynchronous FDD or TDD with different RN subframe allocations in neighbouring cells
For FDD, one RN’s transmission in neighbouring cells can interfere with this RN’s reception in partial subframe and the overlapping ratio depends on subframe allocations for each of RNs and the timing offset. In this scenario, both the subframe allocation and the timing are random for different RNs. Assuming uniformly the uniform distribution of timing, a 0.5 factor can be applied to the average interference. 
For TDD, although subframes can be roughly aligned, RN to RN interference still exists due to the lack of system-wide RN subframe allocation, and the interference scenario is similar to asynchronous FDD in average sense, e.g., half of subframes would interfere with others.  

Scenario 2: Quasi-synchronous FDD or loose RN timing in TDD with system-wide RN subframe allocation
Loose RN timing in TDD means that a RN’s downlink timing may not be globally synchronized with its donor eNB. The difference of the absolute timing can be 20~30 s, although timing synchronization between neighboring eNBs is within 3s. This scenario corresponds to Figure 2 where interference occurs at the subframe boundaries only, i.e., only one or two OFDM symbols in a backhaul reception subframe (about 10 symbols) would be affected. Assuming the robustness of Turbo codes and the thorough bit interleaving, we scale the average interference proportionally to the overlapping ratio, e.g., 0.1.
Scenario 3: Tight synchronization at RN in TDD with system-wide RN subframe allocation
This scenario is similar to Figure 1 except that here RN1_TP and RN2_TP would represent the synchronization tolerance. The precise synchronization between eNBs and RNs makes 
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 small enough to avoid any interference from nearby RNs. Little interference is expected from far away RNs due to the excessive pathloss attenuation, although Equation (4) does not hold. 
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Simulation Setup
As explained in previous section, RN subframe allocation may not be system-wide, and even if a system-wide allocation is implemented, the guard period may not fully protect a RN from receiving interference from other RNs’ DL transmissions in adjacent cells. In the simulation, we collect statistics of average received SNR (geometry) at RN, assuming that all RNs in neighbouring cells would contribute to the interference. Note that backhaul subframe allocation is assumed the same for all RNs in the same cell and propagation delay difference is assumed within the guard period as Figure 1 shows. Therefore, no RN to RN interference is assumed within the same cell.
For stationary relay, RN location can have significant impact on the system performance. In real deployment, RN locations should be optimized through site planning to achieve enough good channel quality of backhaul link. In addition, the distance between RNs should be kept far enough to avoid inter-RN interference. In this simulation, no site planning is carried out and we simply randomly drop RNs across the cell area with the minimum distance of 40 meters [3], leading to more pessimistic estimation of RN to RN interference. The inter-RN interference also depends on the number of RNs in a system. The number of RNs per cell is assumed 10 in this simulation. 
For RN to RN pathloss, we mainly consider NLOS scenario and reuse RN to UE pathloss model in [3], assuming that in scatterer-rich environment, the low antenna height at RN (e.g., 5 meters) would result in the similar pathloss even though receive antenna heights are a little different, 5 meters vs. 1.5 meters. For LOS scenario, we think that the follow measures may be needed to reduce RN-to-RN interference, otherwise the receive SINR would be significantly degraded as seen in Figure A1 and Figure A2 in Appendix.
· Directional antenna at RN DL transmitter
· Narrow vertical beam with down-tilt

· More back-plane attenuation
· System-wide RN subframe allocation or inter-RN subframe allocation coordination

· Strict timing requirement

· Small number of RNs per cell, e.g., < 4

Only interference Scenario 1 and Scenario 2 are simulated in this contribution since the interference in Scenario 3 is expected to be insignificant. Both 3GPP Case 1 and Case 3 are considered. In Case 3, two transmit power classes are considered for the RN, 30 dBm and 37 dBm. More details on simulation assumptions are listed in Appendix.
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Simulation Results
Figures 3 to 8 compare the cumulative density functions (CDF) of RN geometry with and without RN-RN interference. For NLOS scenario, it is seen that SINR degradation is only noticeable in 3GPP Case 1 of Scenario 1 and 3GPP Case 3 of Scenario 1 at transmit power of 37 dBm. The results suggest that:

· When backhaul subframe allocation is not system-wide (but cell-wide) or the system is FDD operated in asynchronous mode, RN to RN interference can slightly degrade the DL backhaul performance, but not very significant

· When system-wide backhaul subframe allocation is implemented, RN to RN interference has negligible effort on DL backhaul reception in TDD or quasi-synchronous FDD, regardless of RN DL timing scheme. 

· Implementing system-wide backhaul subframe allocation can effectively reduce RN to RN interference than RN DL timing scheme.
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Figure 3  3GPP CASE1, Interference Scenario 1, NLOS 
[image: image19.emf]-5 0 5 10 15 20 25

0

10

20

30

40

50

60

70

80

90

100

Geometry (dB)

CDF

 

 

w/o RN interference

with RN interference


Figure 4 3GPP CASE1, Interference Scenario 2, NLOS
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Figure 5 3GPP CASE3, Interference Scenario 1, RN power = 30dBm, NLOS
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Figure 6 3GPP CASE3, Interference Scenario 2, RN power = 30dBm, NLOS
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Figure 7 3GPP CASE3, Interference Scenario 1, RN power = 37dbm, NLOS
[image: image23.emf]-10 -5 0 5 10 15 20 25

0

10

20

30

40

50

60

70

80

90

100

Geometry (dB)

CDF

 

 

w/o RN interference

with RN interference


Figure 8 3GPP CASE3, Interference Scenario 2, RN power = 37dbm, NLOS
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Conclusions

In this contribution we present our analysis of DL backhaul reception in the presence of other RN’s interference. Based on the result from the system level simulation, it is observed that:

· RN to RN interference has small impact on backhaul link capacity when RN to RN propagation environment is NLOS, regardless of whether system-wide backhaul subframe allocation is implemented, FDD/TDD, or relay DL timing schemes
· Enforcing system-wide backhaul subframe allocation is more effective in reducing RN to RN interference than the choice of relay DL scheme.

Simulation results suggest that RN to RN interference should not be the determining factor of starting symbol of R-PDCCH. Although starting R-PDCCH late (e.g., reserving more OFDM symbols for the gap) can help to reduce inter-RN interference, such measure is highly inefficient in the sense that:
1. Backhaul resource utilization is significantly reduced

2. Its benefit from interference mitigation prospective is very small and only applicable in TDD or quasi-synchronous FDD, assuming system-wide backhaul subframe allocation
3. For LOS environment, the following schemes are more effective in reducing RN to RN interference.

a. Directional antenna at RN DL transmitter

b. Narrow vertical beam with down-tilt

c. More back-plane attenuation

d. System-wide RN subframe allocation or inter-RN subframe allocation coordination

e. Strict timing requirement

f. Small number of RNs per cell, e.g., < 4
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Appendix
Table 1: System simulation assumptions

	Parameter
	Assumption/Value

	Simulation case
	3GPP Case 1, Case3 

	Channel model
	Typical Urban and rural/Suburban channel model

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, wrap‑around

	Relay deployment
	 10  RNs randomly dropped

	Total eNB TX power (Ptotal)
	46 dBm

	Total relay TX power
	30 dBm (Case 1), 30 or 37 dBm (Case 3)

	Inter-site distance (ISD)
	Case 1
	500 m 

	
	Case 3
	1732 m 

	Distance-dependent

Path loss(dB)
	eNB-RN


	PLLOS(R) = 100.7+23.5log10(R)

PLNLOS(R) = 125.2+36.3log10(R) For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

Case 3: Prob(R)=exp(-(R-0.01)/1.15)

	
	RN-RN (reuse RN-UE model in [3]
	PLLOS(R) = 103.7+20.9log10(R)

PLNLOS(R) = 145.4+37.5log10(R) For 2GHz, R in km.

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
	macro to relay
	6dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss 
	macro to relay
	0 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Minimum distance between eNB and RN
	35 m

	Minimum distance between RNs
	40 m

	Frequency reuse factor
	1

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs to Relays/UEs (horizontal)
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 = 70 degrees, Am = 25 dB (70 degree horizontal beamwidth)

	Antenna pattern for macro eNBs to Relays/UEs (vertical)
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 = 10 degrees, 
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 = 15 degrees,  SLAv = 20 dB

Case 1: 
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Case 3: 
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 = 6 degrees,

	Antenna pattern for Relays
	At the transmitter
	Omni-directional

	
	Directional at the receiver
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[image: image32.wmf]3
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 = 70 degrees, Am = 20 dB (70 degree horizontal beamwidth)

	BS antenna gain (incl. cable loss)
	14 dBi 

	Relay antenna gain (incl. cable loss)
	DL receive
	7dBi

	
	DL transmit
	5 dBi

	Relay noise figure
	5 dB
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Figure A1  3GPP CASE1 , Interference Scenario 1, LOS
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Figure A2  3GPP CASE1 , Interference Scenario 2, LOS
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