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1. Introduction

In RAN1#54 relay functionality for LTE-A was discussed.  In this contribution some preliminary system level performance evaluations with relays are presented.

2. Simulation setup

A two ring hexagonal grid layout was simulated with dual port UE receiver operation assumed TU channels and 5MHz bandwidth.  Deployment Case 3 was assumed with 19 macro eNB cell sites and cell wrap-around.  Relays were randomly dropped in low geometry regions within 3.5 times cell radius distance from the center eNB.  Low geometry regions are locations with long term (average) C/I less than a certain cutoff threshold (e.g. -3dB, 0dB, 3dB) assuming no relays exist.  The minimum allowed distance between two relays is 250 m.  UEs were randomly dropped with uniform spatial probability density in all cells.  The relay and UE drop location plots can be found in Appendix B.
Each relay is a single cell with its own scheduler, control channels, and an omnidirectional antenna which may be down tilted.  The vertical antenna pattern is given by 
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with 
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 = 20 degrees,  SLAv = 20 dB, and 
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is the electrical antenna downtilt angle.  Each relay node site has only one cell.  Cell wraparound was assumed for macro eNBs only and not for relays.  Each relay node has a maximum power of 0.5 Watts. The communication between the macro eNBs and relays was assumed perfect.  The path loss model from the relays to UEs is given by L = 140.7 + 36.7log10(R) where R is the distance in km, which is different from the path loss model from the macro eNBs to the UEs given by L = 128.1 + 37.6log10(R).  SCM model was not used.  More details can be found in Appendix A. 
It can be seen that the deployment of relays improved throughput performance in almost all cases studied (see Tables 1-4). The sector throughputs are more significantly improved.  Average cell throughput increases with the number of omnidirectional relays.  The cases with -3 dB C/I cutoff threshold for relay dropping locations are marginally better (2 to 3%) than those with 0 or 3 dB C/I cutoff thresholds if there is significant relay antenna downtilt.  As shown in Appendix C the sector throughput improvement grows from 5 - 19% to 10 - 40% if the relay antenna gain is increased from 5 dBi (2 dBW EIRP given 0.5 Watt PA) to 14 dBi (11 dBW EIRP).  Note a 4.0 Watt PA can be used with a 5 dBi antenna to also achieve the same 11 dBW EIRP.
3. Conclusions

System level throughput performance of Case 3 with relays was evaluated.  With the deployment of relays the average cell throughput performance improved from 5 to 19% for 2 dBW EIRP and 10 to 40% for 11 dBW EIRP as the number of omnidirectional relays increased from 10 to 40 in the 2 ring 3-sectored hexagonal system.  Randomly dropping relays in lower geometry regions (long term C/I <-3dB) gave better performance than for higher geometry regions (with 0 or 3 dB C/I) when there was significant relay node antenna downtilt.  Throughput results were significantly improved with antenna downtilt when vertical antenna patterns were used.
4. Simulation results

Table 1 - Throughput results for systems with/without relays, without vertical pattern
[image: image4.emf]# Relays 0 10 20 40 10 20 40 10 20 40

Sector tput 

(kbps)

7457 7769.6 8034.1 8692 7644.5 8117.4 8577.8 7705.9 8196 8907.6

5%ile tput 

(kbps)

151.74 153.24 149.77 151.2 151.68 148.95 151.34 154.35 150.16 153.04

Sector tput 

gain %

- 4% 8% 17% 3% 9% 15% 3% 10% 19%

5%ile tput 

gain %

- 1% -1% 0% 0% -2% 0% 2% -1% 1%

Sector tput 

(kbps)

10608 11035 11394 12376 10835 11450 12062 10914 11596 12543

5%ile tput 

(kbps)

180.09 183.27 184.61 189.63 179.94 187.26 191.63 182.03 187.56 189.08

Sector tput 

gain %

- 4% 7% 17% 2% 8% 14% 3% 9% 18%

5%ile tput 

gain %

- 2% 3% 5% 0% 4% 6% 1% 4% 5%

1x2

2x2

-3 0 3

Relay Location C/I Cutoff 

(dB)

 
Table 2 -Throughput results for systems with/without relays, with vertical pattern and 0 degree antenna downtilt

[image: image5.emf]# Relays 0 10 20 40 10 20 40 10 20 40

Sector tput 

(kbps)

7030.5 7126.4 7247.1 7333.3 7157 7333.7 7446.5 7113.6 7454 7684.6

5%ile tput 

(kbps)

147.89 149.5 150.98 151.04 148.75 149.69 150.91 149.93 153.21 153.95

Sector tput 

gain %

- 1% 3% 4% 2% 4% 6% 1% 6% 9%

5%ile tput 

gain %

- 1% 2% 2% 1% 1% 2% 1% 4% 4%

Sector tput 

(kbps)

9576.7 9689.4 9833.2 9933.2 9724.6 9941.4 10079 9701.7 10166 10430

5%ile tput 

(kbps)

186.77 186.24 187.34 188.26 183.25 183.21 183.71 185.97 185.48 185.81

Sector tput 

gain %

- 1% 3% 4% 2% 4% 5% 1% 6% 9%

5%ile tput 

gain %

- 0% 0% 1% -2% -2% -2% 0% -1% -1%

0 3

Relay Location C/I Cutoff 

(dB)

-3

1x2

2x2


Table 3 - Throughput results for systems with/without relays, with vertical pattern and 7 degree macro eNB antenna and 10 degree relay antenna electrical downtilt
[image: image6.emf]# Relays 0 10 20 40 10 20 40 10 20 40

Sector tput 

(kbps)

7131 7501.2 7930.6 8423.9 7359.7 7560.8 8155 7404 7696.5 8251.4

5%ile tput 

(kbps)

155.7 159.87 159.67 156.32 159.08 158.2 163.31 155.82 156.4 156.86

Sector tput 

gain %

- 5% 11% 18% 3% 6% 14% 4% 8% 16%

5%ile tput 

gain %

- 3% 3% 0% 2% 2% 5% 0% 0% 1%

Sector tput 

(kbps)

9792.6 10262 10833 11480 10088 10342 11112 10152 10536 11219

5%ile tput 

(kbps)

196.11 195.08 192.39 193.63 194.39 191.82 195.11 190.8 191.08 194.28

Sector tput 

gain %

- 5% 11% 17% 3% 6% 13% 4% 8% 15%

5%ile tput 

gain %

- -1% -2% -1% -1% -2% -1% -3% -3% -1%

Relay Location C/I Cutoff 

(dB)

-3

1x2

2x2

0 3


Table 4 - Throughput results for systems with/without relays, with vertical pattern and 7 degree macro eNB antenna and 20 degree relay antenna electrical downtilt
[image: image7.emf]# Relays 0 10 20 40 10 20 40 10 20 40

Sector tput 

(kbps)

7131 7509.2 7973.8 8479 7414.8 7654.5 8313.5 7398.7 7726.2 8314.2

5%ile tput 

(kbps)

155.7 157.66 158.27 157.44 158.36 158.78 158.19 156.18 157.86 155.75

Sector tput 

gain %

- 5% 12% 19% 4% 7% 17% 4% 8% 17%

5%ile tput 

gain %

- 1% 2% 1% 2% 2% 2% 0% 1% 0%

Sector tput 

(kbps)

9792.6 10278 10919 11645 10193 10512 11396 10160 10593 11369

5%ile tput 

(kbps)

196.11 193.77 191.12 193.11 193.96 190.55 194.37 190.73 188.76 193.71

Sector tput 

gain %

- 5% 12% 19% 4% 7% 16% 4% 8% 16%

5%ile tput 

gain %

- -1% -3% -2% -1% -3% -1% -3% -4% -1%

0 3

1x2

2x2

Relay Location C/I Cutoff 

(dB)

-3
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Appendix A: simulation assumptions

Table 5 - Simulation Assumptions
	Parameter
	Assumption/Value

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

	Relay layout
	Randomly dropped within 3xR region with long term CQI < xdB, not wrapped‑around, where R is cell radius, 1 cell per site

	Inter-site distance (ISD)
	1732 m

	Distance-dependent path loss for macro eNBs
	L = 128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for relays
	L = 140.7 + 36.7log10(R), R in kilometers

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (11 used for data, 2 for control (n=2), 1 for RS overhead)

	Channel model
	Typical Urban (TU) used for PDSCH 

	UE deployment
	10 per cell (uniform random spatial distribution over cells)

	Minimum distance between UE and BS
	35 m

	Minimum distance between relays
	50 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	IR , Chase combining (asynchronous) (2/3<MCS<4.8), 16 levels

	Hybrid ARQ round trip delay
	8 subframes ( ms)

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs (horizontal)
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[image: image9.wmf]dB
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 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for relays (horizontal)


	0dB for all directions

	Antenna pattern for macro eNBs and relays (vertical)
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 = 20 degrees,  SLAv = 20 dB

	Total macro BS TX power
	20 Watts, 43 dBm 

	Total relay TX power
	0.5 Watt, 27 dBm

	BS and relay antenna gain (incl. cable loss)
	14 dBi and 5 dBi respectively

	BS and relay transmitter
	1 or 2 antennas

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI feedback delay
	2 ms

	CQI subband size
	180 kHz (12 subcarriers)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	2 ms

	CQI Error
	1dB for low SINR and 0.5 for high SINR

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Control channel model
	Ideal

	Number of UEs per sector
	10

	UE Channel Estimation
	Non Ideal


Appendix B: relay and UE drop locations
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Appendix C: Throughput results for Relay Node Antenna Gain = 14 dBi
Table 6 - Throughput results for systems with/without relays, without vertical pattern
[image: image15.emf]# Relays 0 10 20 40 10 20 40 10 20 40

Sector tput 

(kbps)

7457 8320.7 8933.8 10477 8136.1 9124.5 10353 8242.6 9187.1 10780

5%ile tput 

(kbps)

151.74 151.84 156.05 164.79 150.46 155.75 161.95 149.57 155.7 166.42

Sector tput 

gain %

- 12% 20% 40% 9% 22% 39% 11% 23% 45%

5%ile tput 

gain %

- 0% 3% 9% -1% 3% 7% -1% 3% 10%

Sector tput 

(kbps)

10608 11760 12613 14746 11486 12898 14576 11610 12936 15187

5%ile tput 

(kbps)

180.09 191.29 194.42 193.82 187.26 196.08 190.1 186.63 193.56 193.26

Sector tput 

gain %

- 11% 19% 39% 8% 22% 37% 9% 22% 43%

5%ile tput 

gain %

- 6% 8% 8% 4% 9% 6% 4% 7% 7%

-3 0 3

Relay Location C/I Cutoff 

(dB)

1x2

2x2


Table 7 - Throughput results for systems with/without relays, with vertical pattern and 0 degree antenna downtilt
[image: image16.emf]# Relays 0 10 20 40 10 20 40 10 20 40

Sector tput 

(kbps)

7030.5 7392.5 7948.6 8712.7 7606.1 8249.9 9080.9 7355.7 8103.6 9196.9

5%ile tput 

(kbps)

147.89 151.65 154.13 156.48 150.06 157.62 158.57 149.55 153.13 157.64

Sector tput 

gain %

- 5% 13% 24% 8% 17% 29% 5% 15% 31%

5%ile tput 

gain %

- 3% 4% 6% 1% 7% 7% 1% 4% 7%

Sector tput 

(kbps)

9576.7 10020 10690 11602 10279 11089 12121 9993 11037 12373

5%ile tput 

(kbps)

186.77 188.37 189.57 193.94 183.13 193.77 196.86 182.83 188.27 198.51

Sector tput 

gain %

- 5% 12% 21% 7% 16% 27% 4% 15% 29%

5%ile tput 

gain %

- 1% 1% 4% -2% 4% 5% -2% 1% 6%

1x2

2x2

Relay Location C/I Cutoff 

(dB)

-3 0 3


Table 8 - Throughput results for systems with/without relays, with vertical pattern and 7 degree macro eNB antenna and 10 degree relay antenna electrical downtilt
[image: image17.emf]# Relays 0 10 20 40 10 20 40 10 20 40

Sector tput 

(kbps)

7131 8025.9 9028.7 10508 7857.2 8558.2 10183 7850.4 8665.5 10188

5%ile tput 

(kbps)

155.7 160.15 161.54 168.34 160.81 164.91 169.66 159.25 156.64 166.08

Sector tput 

gain %

- 13% 27% 47% 10% 20% 43% 10% 22% 43%

5%ile tput 

gain %

- 3% 4% 8% 3% 6% 9% 2% 1% 7%

Sector tput 

(kbps)

9792.6 11022 12388 14337 10793 11709 13857 10756 11828 13824

5%ile tput 

(kbps)

196.11 193.23 199.86 207.57 192.24 202.14 208.75 191.28 195.03 203.7

Sector tput 

gain %

- 13% 27% 46% 10% 20% 42% 10% 21% 41%

5%ile tput 

gain %

- -1% 2% 6% -2% 3% 6% -2% -1% 4%

0 3

1x2

2x2

Relay Location C/I Cutoff 

(dB)

-3


Table 9 - Throughput results for systems with/without relays, with vertical pattern and 7 degree macro eNB antenna and 20 degree relay antenna electrical downtilt
[image: image18.emf]# Relays 0 10 20 40 10 20 40 10 20 40

Sector tput 

(kbps)

7131 7911.8 8787.1 10022 7696.9 8319.9 9884.6 7758.6 8527.9 9852.3

5%ile tput 

(kbps)

155.7 160.01 159.87 163.82 160.89 159.48 164.87 158.38 155.66 163.45

Sector tput 

gain %

- 11% 23% 41% 8% 17% 39% 9% 20% 38%

5%ile tput 

gain %

- 3% 3% 5% 3% 2% 6% 2% 0% 5%

Sector tput 

(kbps)

9792.6 10911 12207 13935 10642 11511 13710 10639 11695 13577

5%ile tput 

(kbps)

196.11 192.2 197.66 205.12 190.21 197.34 205.15 191.05 193.74 199.84

Sector tput 

gain %

- 11% 25% 42% 9% 18% 40% 9% 19% 39%

5%ile tput 

gain %

- -2% 1% 5% -3% 1% 5% -3% -1% 2%

1x2

2x2

Relay Location C/I Cutoff 

(dB)

-3 0 3
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