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1 Introduction

In RAN1 [1], it was agreed to use R-PDCCH for type 1 half duplex RN to send control information to a RN. In [3] [4] a PDCCH with RN timing shift was described. This solution does not require R-PDCCH and the normal PDCCH can be used to send control information to RNs, at the cost of backhaul resources. In this contribution, the impact of reducing the amount of backhaul resources is quantified for a FDD system. In this manner, the system performance reduction due to the use of time-shifted PDCCH can be evaluated. A decision can then be made of whether this performance reduction is acceptable or not. Note that the timing issues are not discussed in this contribution, but are not deemed to be a major hurdle for FDD.
The R-PDCCH scheme has been widely discussed in RAN1. A description of it can be found, e.g., in [2]. The time-shifted PDCCH solution has been discussed in several contribution; e.g., in [3]. This solution consumes more backhaul resources than the R-PDCCH solution, but requires less standard changes. Note also that time-shifted PDCCH reduces the maximum achievable cell radius because of less backhaul resources available, and that the support for CoMP or MBMS is not obvious,
2 Evaluations
In this section we evaluate the end to end system level performance impact of various overheads.  We simulated several different numbers of RN, in the Case 3 environment of [1]. Also, the reference chosen is the no-relay case: for the no-relay case, the sum throughput and cell edge throughput are both set to one. Figure 1 illustrates the relative throughput gains and cell-edge throughput gains for several numbers of relays and several numbers of backhaul symbols available. 
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Figure 1: Relative cell edge and sum throughput performance for different overheads.  The number represents the number of RNs simulated for that point.

As it can be seen, and expected, reducing the number of backhaul symbols has a significant impact on the system performance. In order to more finely illustrate these results, the relative loss in system performance when the number of backhaul symbols is reduced is shown in Table1 and Table 2.   The reference case is that 11 symbols are available for backhaul: two symbols are used for the RN PDCCH and one for the TX/RX switching, which corresponds to a typical case for R-PDCCH usage.
The relative loss due to less backhaul is obtained by calculating Gains/Gains with less backhaul.
Table 1: Relative Cell Edge performance due to increased overhead
	Number of RN
	1
	3
	5

	10 OFDM symbols for backhaul
	-4%
	0%
	-2%

	9 OFDM symbols for backhaul
	-5%
	3%
	-2%

	8 OFDM symbols for backhaul
	-7%
	3%
	-6%


Table 2: Relative sum Throughput performance due to increased overhead
	Number of RN
	1
	3
	5

	10 OFDM symbols for backhaul
	-26%
	-23%
	-25%

	9 OFDM symbols for backhaul
	-54%
	-47%
	-49%

	8 OFDM symbols for backhaul
	-81%
	-71%
	-75%


As it can be seen, the loss of performance is significant and increases quickly when the number of backhaul resources is reduced. For instance, using only 8 backhaul symbols incur a penalty of more than 50% on the sum throughput gain, for all the scenarios studied here. The loss in cell edge performance is significant as well. If time-shifted PDCCH is used, the number of punctured backhaul symbols really has to be minimized. However, even if the time shifted PDCCH design results in less backhaul symbols being available than R-PDCCH, it is still a viable solution that can be used when system performance is not an issue; e.g., when quickly deploying a network and wanting to make sure that adequate coverage is achieved. 

3 Conclusion

Both R-PDCCH and time-shifted PDCCH are solutions that can be used for RNs for the FDD mode. The time-shifted PDCCH solution has to be carefully designed though, because each additional symbol that is not available for backhaul significantly reduces the system performance.
Note also that this study was done for FDD only, and that for TDD, more studies are needed, especially on the timing feasibility.
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Appendix –Simulation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 macro eNB cell sites, 3 cells per site, wrapped‑around

	Inter-site distance (ISD)
	500 m

	Distance-dependent path loss for eNB(UE
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)

For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	Distance-dependent path loss for 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)

	Distance-dependent path loss for RN(UE
	PLLOS(R)=103.8+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))

	Lognormal Shadowing 
	

	Shadowing standard deviation: macro to UE
	8 dB

	Shadowing standard deviation: macro to RN
	6 dB

	Shadowing standard deviation: relay to UE
	10 dB

	Correlation distance of Shadowing
	No distance dependent correlation of shadowing

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss from macro to UE
	20 dB

	Penetration loss from macro to RN
	0 dB

	Penetration loss from relay to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel model
	Typical Urban (TU) used for PDSCH 
Channels which are LoS have a K=10 rician component on top of a TU channel.

	UE deployment
	1425 UEs over 57 cells (uniform random spatial distribution over the network)

	Minimum distance between UE and BS
	35 m

	Minimum distance between relays
	40m

	Frequency reuse factor
	1

	Hybrid ARQ scheme DL
	IR down to code rate 1/3, Chase combining below 1/3

	Thermal noise density
	-174 dBm/Hz

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

	Antenna pattern for backhaul receive antennas at the RN (horizontal)
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 = 70 degrees, Am = 20 dB  (70 degree horizontal beamwidth)

	Antenna pattern for relays to UEs (horizontal)


	Omni, 0dB for all directions

	Antenna pattern for macro eNBs (vertical)
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	RN placement
	A RN-drop is realized randomly 5 times around a region at the cell edge, and the one best DL geomtetry is selected among N random drops.

	Total macro BS TX power
	40 Watts, 46 dBm 

	Total relay TX power
	30 dBm

	BS antenna gain (incl. cable loss)
	14 dBi 

	Relay antenna gain (incl. cable loss)
	7 dBi (for Rx/Tx with eNB) for directive else 5 dBi (for Rx/Tx with UE2)

	BS and relay transmitter to UEs
	2 

	Relay receiver from BS
	2

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	RN noise figure
	5 dB

	CQI feedback delay
	4 ms

	CQI subband size
	540 kHz (36 subcarriers)

	CQI quantization
	4 bits per value/subband

	CQI feedback cycle
	10 ms

	CQI Error
	Based on wideband Noise measurement with delayed channel

	Traffic type
	Full buffer at BS

	Control channel model
	Ideal

	UE Channel Estimation
	Ideal

	Simulation drops
	5

	Link to System Mapping
	EESM

	Number MBSFN frames
	6

	RN height
	5 m 

	Receiver Type RN
	Genie aided IRC

	Receiver type UE
	MRC
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