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1. Introduction
With the support of relays in Rel-10, the corresponding DL throughput can be found in [1]. In this contribution, we evaluate the UL geometry with relays, for the following cases:

· Un UL geometry with inter-cell interference from relays
· Un UL geometry with inter-cell interference from macro UEs

· Macro UE UL geometry with inter-cell interference from relays
2. Evaluation of UL geometry with relays
In this section, we show our evaluated UL geometries for various scenarios. The system simulation assumptions are listed in Appendix. 
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(c): 6 RNs/cell

Figure 1: RN deployment patterns
In addition, throughout this contribution, the UL geometry is evaluated with the following assumptions:
· UL power control parameter setting
UL power control parameter setting is modelled by a target SNR (TSNR) without considering the inter-cell interference. Different TSNR values are evaluated in simulations for the corresponding UL geometry. A common TSNR, denoted as TSNRUE, is applied to all macro UEs, and another common TSNR, denoted as TSNRRN, is applied to all relays. Open loop power control with full pathloss compensation is assumed in the simulations, without modelling the TPC commands.
· Number of interfering UEs/RNs per neighbouring cell
Assuming transmissions from UEs/RNs in the same cell are orthogonal to the desired UE/RN, intra-cell interference is not modelled in the evaluations. For inter-cell interference, 1, 3, and 6 interferers are considered. It is noted that results with multiple interferers from neighbouring cells shall indicate the PUCCH performance on Un uplink.
· RN deployment
Planned RN deployment is assumed in this contribution, where the RN locations are shown in Figure 1. Directional antennas and site planning are assumed.
2.1. Macro UE UL geometry with inter-cell interference from macro UEs
Figure 2 shows the macro UE UL geometry with inter-cell interference from macro UEs. It is noted that with the increase of interferers, the UL geometry degrades. In addition, with higher TSNRUE, better UL geometry is achieved. It shall be noted that higher TSNRUE leads to larger UE transmit power and higher IoT (interference over thermal noise). Further increasing TSNRUE shall not improve the UL geometry unboundedly, as the system approaches to an interference limited system or when most UEs reaches max transmit power. Note that the UL geometry shall not ever exceed the corresponding TSNRUE.
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Figure 2: Macro UE UL geometry with macro UE inter-cell interference
2.2. Un UL geometry with inter-cell interference from relays
Figure 3 shows the Un UL geometry with inter-cell interference from relays. The Un UL geometry is significantly better than the corresponding macro UE UL geometry in Figure 2. The application of directional antennas at RN side helps to reduce the inter-cell interference on Un UL. 
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Figure 3: Un UL geometry with RN inter-cell interference
2.3. Un UL geometry with inter-cell interference from macro UEs
Figures 4 – 6 show the Un UL geometry with inter-cell interference from macro UEs, with TSNRRN = TSNRUE, TSNRRN = TSNRUE + 5 dB, and TSNRRN = TSNRUE + 10 dB, respectively. In this section, 1RN per cell is evaluated. It is noted that higher TSNRRN values relative to TSNRUE significantly improves the Un UL geometry, which on the other hand reduces the UL geometry of macro UEs as shown in section 2.4.
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Figure 4: Un UL geometry with macro UE inter-cell interference, 
TSNRRN = TSNRUE, TSNRUE = 5, 10, 15 dB
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Figure 5: Un UL geometry with macro UE inter-cell interference, 
TSNRRN = TSNRUE + 5 dB, TSNRUE = 5, 10, 15 dB
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Figure 6: Un UL geometry with macro UE inter-cell interference, 
TSNRRN = TSNRUE + 10 dB, TSNRUE = 5, 10, 15 dB
2.4. Macro UE UL geometry with inter-cell interference from relays
Figures 7 – 9 shows the macro UE UL geometry with inter-cell interference from RNs, with TSNRRN = TSNRUE, TSNRRN = TSNRUE + 5 dB, and TSNRRN = TSNRUE + 10 dB, respectively. It is noted that higher TSNRRN values relative to TSNRUE significantly reduces the UL geometry of macro UEs.
[image: image9.emf]-15 -10 -5 0 5 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

ACK/NACK SINR(dB)

CDF

Uu UL geometry (interference from planned deployment RN :TSNR

RN

=TSNR

UE

)

 

 

1RN TSNR

UE

=TSNR

RN

=5dB

1RN TSNR

UE

=TSNR

RN

=10dB

1RN TSNR

UE

=TSNR

RN

=15dB

3RN TSNR

UE

=TSNR

RN

=5dB

3RN TSNR

UE

TSNR

RN

=10dB

3RN TSNR

UE

TSNR

RN

=15dB

6RN TSNR

UE

=TSNR

RN

=5dB

6RN TSNR

UE

TSNR

RN

=10dB

6RN TSNR

UE

TSNR

RN

=15dB


Figure 7: Macro UE UL geometry with RN inter-cell interference, 
TSNRRN = TSNRUE, TSNRUE = 5, 10, 15 dB
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Figure 8: Macro UE UL geometry with RN inter-cell interference, 
TSNRRN = TSNRUE + 5 dB, TSNRUE = 5, 10, 15 dB
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Figure 9: Macro UE UL geometry with RN inter-cell interference, 
TSNRRN = TSNRUE + 10 dB, TSNRUE = 5, 10, 15 dB
3. Conclusions

In this contribution, we evaluate the UL geometry of both RNs and macro UEs, with inter-cell interference from either RNs or macro UEs. The following observations can be made:
· In case inter-cell interference is from RNs in neighboring cells, the Un UL geometry is significantly better than the UL geometry of macro UEs, assuming directional antennas are deployed at RNs. This indicates that it may be preferable to adopt the same Un UL backhaul subframe allocation in all cells supporting relay.

· For the case RNs and macro UEs in different cells are scheduled in the same UL subframe, parameters of UL power control shall be carefully set. Otherwise, the UL geometry of either RNs or macro UEs can be negatively impacted.

· For the support of DL heavy Un subframe allocation, ACK/NAKs for multiple DL subframes shall be transmitted in the same UL subframe. Given that with proper settings of UL power control parameters and Un backhaul subframes, the UL geometry is expected to better than that of macro UE. Hence, it is sufficient to only support ACK/NAK multiplexing on Un UL, which simplifies both specification and implementation.
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5. Appendix

Table 1: System level simulation assumptions
	Parameter
	Assumption/Value

	Simulation case
	3GPP Case 1 

	Channel model
	Typical Urban

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

	Relay deployment
	1, 3, 6 relays per sector, no wrap‑around

	Total relay TX power 
	30dBm

	Total UE TX power
	23dBm 

	Inter-site distance (ISD)
	500 m 

	Distance-dependent

Path loss(dB)
	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)

	
	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)

	Shadowing standard deviation


	macro to relay
	6dB

	
	macro to UE
	8 dB

	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

	
	macro to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Minimum distance between UE and BS
	35 m

	Minimum distance between Relay and BS
	35m

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs to Relays/UEs (horizontal)
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[image: image13.wmf]3
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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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Case 1: 
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	Antenna pattern for Relays
	At the transmitter
	Omni-directional

	
	Directional at the receiver
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[image: image19.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)
	Rx/Tx with eNB
	7dBi

	
	Rx/Tx with UE
	5 dBi

	UE antenna gain
	0 dBi

	eNB noise figure
	7 dB

	eNB Antenna height
	32m

	Relay Antenna height
	5m

	UE Antenna height
	1.5m
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