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1 Introduction
This document evaluates the performance of inband and out of band relays with the latest channel models agreed in the latest 3GPP TR 36.814 v1.4.1 [1].  A companion contribution R1-094838 ‎[2] provides relay performance evaluation with coverage boosting techniques and realistic control channel modeling.
The outline of this contribution is as follows : 

· Section 2 contains the Simulation Assumptions. 

· Section 3 discusses the channel models (including the LOS and NLOS components), SINR distributions with relays, comparison of different backhaul optimization schemes (including bonus SNR), and resulting backhaul spectral efficiency
· Section 4 shows the performance results from dynamic system simulations. Both inband and out of band relay results are reported. For inband relays, both realistic and very high backhaul spectral efficiency results are shown. 
2 Simulation Assumptions
A two ring hexagonal grid system layout was simulated with dual port UE receiver operation assuming 6-ray Typical Urban (TU) channels and 10MHz bandwidth with 19 macro-cell 3-sectored sites using cell wrap-around. The simulations further assume 4 or 10 RNs/cell and 25 UEs/cell, and both the Relay nodes (RNs) and UEs are dropped uniformly randomly over the entire 57-cell network (Note that  placement of RNs near cell edge as proposed in ‎[3] 

 REF _Ref244596279 \r \h 
 \* MERGEFORMAT ‎[6] 

 REF _Ref228592731 \r \h 
 \* MERGEFORMAT ‎[7]  may yield different backhaul link quality.). In this contribution, the UEs attached to the eNB are referred to as UE1 while UE2 is used to denote the UEs that attach to the RNs. Annex A has other simulation details. Cell wraparound is assumed for donor eNBs only and not for RNs.  The additional set of assumptions for inband relaying is as follows. 

· Relay placement optimization Alternative 1 (as agreed in R1-093726) by adding bonus SNR of 5 dB is assumed to model the backhaul link. The backhaul antenna configuration that gives the best backhaul is assumed, i.e. 4 directional antennas and MIMO transmissions on the backhaul with rank adaption.
· Each eNB allocates a fixed number of subframes for backhaul transmissions. The eNB schedules the Relay traffic according to a proportionally fair scheduler (in both time and frequency) based on the channel quality between the eNB and RN, but the scheduler uses a fixed, simple TDM backhaul partitioning scheme. It is expected that advanced resource partitioning on the access/backhaul links can further improve inband relay results of this paper. 
· Two cases are simulated for inband relays, 
· 1) non-ideal backhaul spectral efficiency (i.e. realistic) wherein the relay throttles the UE2 traffic based on the number of bits the relay received on its backhaul 
· 2) ideal backhaul spectral efficiency wherein the spectral efficiency of the backhaul link is extremely high i.e. the relay need not throttle the UE2 traffic. 
3 Discussion of the channel models 

3.1 LOS Probability Comparison for the latest relay channel models

The LOS probabilities for the different links are shown in the following Figure. For the backhaul, both the non-optimized (N=1) and the optimized (N=3) relay placement schemes (see Table A.2.1.1.4-2 Alternative 1, [1]) are compared. The Figure shows that for Case 3, there is a significant disparity in the LOS probabilities for the RN-UE and eNB-UE links, e.g. up to 40% of UEs at the cell-edge have a LOS to the eNB. This represents more of a mix of rural and suburban scenarios instead of only suburban. We propose to consider keeping the old (non-probabilistic) Case 3 model for suburban and rural scenarios.   Another suburban option would be to align with ITU suburban macro models with a larger ISD (e.g. 1.2km).
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Figure 1 - LOS probability as function of the distance for Case 1 and Case 3

3.2 Original 3GPP Case1/3 models vs. new (probabilistic LOS) eNB-UE channel models

The original 3GPP Case1/Case3 channel models with 3D antenna patterns (see Table A.2.1.1-2, ‎[1] ) are compared with the probabilistic LOS eNB-UE channel models agreed for the Relay simulations (see Section A.2.1.1.2,‎[1] ) in Table 1. The results show minor differences for Case 1, but for Case 3, the new channel models have significantly better performance (~35% sector t-put improvement and ~61% cell-edge t-put improvement) than the original 3GPP Case 3 models. This is mainly due to the boost in the LOS probability for the new Case 3, where up to 40 % of UEs at the cell-edge have a LOS channel to the eNB.  Figure 2 compares the geometry (long-term C/I) of the original 3GPP Case1/Case3 with that of the probabilistic LOS eNB-UE channel models, which shows that Case 1 has only minor geometry differences between the two models whereas Case 3 geometry is considerably improved by 3~5 dB using the new channel model.
Table 1 - Simulation results for 3GPP Case 1/3 vs. new eNB-UE channel models (no relays)

	 
	Case 1
	Case 3 

	 
	Sector t-put
	Cell Edge t-put
	Sector t-put
	Cell Edge t-put

	3GPP non-LOS  model
	2.72
	0.021
	2.13
	0.013

	New, probabilistic LOS model
	2.76
	0.023
	2.87
	0.021
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Figure 2 – Geometry for 3GPP Case 1 and 3 vs. the new eNB-UE channel models (no relays)
3.3 SINR distributions with Relays

With the new channel models, the SINR CDF for the Case 1 and Case 3 is shown in Figure 3. It was found that ~ 40 % of UEs were attached to the RNs in Case 1 and ~25 % of UEs attached to the RN for Case 3 for 4 RNs/cell case.  The backhaul CDF is plotted assuming relay placement optimization (5dB Bonus SNR) and directional antennas at the RNs pointing towards the donor cell. 

[image: image19.png]——backhaul
->-all UEs
——UE1
—UE2 A

40 0 10 20
Long Term CQlI (dB)

30

40



[image: image4.png]Case 1

——backhaul

->-all UEs
——UE1
—UE2

0 5 10 15 20

Long Term CQlI (dB)

25

30

35





Figure 3 - SINR CDF per the latest agreed models (UE1 are UEs attached to eNB, UE2 are UEs attached to RN)

3.4 Comparison of different backhaul optimization schemes
The different alternatives for relay placement are compared along with the RN antenna configuration optimization.  The following relay site planning assumptions were compared:
· Baseline, no site planning (B=0, N=1), 
· Bonus SNR due to site planning (B=5dB, N=1), 
· Higher probability of LOS due to site planning (B=0, N=3), and 
· Bonus SNR and higher probability of LOS (B=5dB, N=3, for illustration only).  
The following antenna configurations were considered for the backhaul reception at the RN: 
· One set of omni-directional antennas without vertical pattern (“omni” in the following figure); 
· One set of directional antennas pointing toward donor cell without vertical pattern (“directed” in the following figure).  
The results as shown in the figure below indicate as expected, the use of directional antennas lead to significantly better backhaul links than using omni-directional antennas; however, the use of directional antennas requires two antenna sets for each relay and hence increases the cost. Another conclusion from these results is that for relay placement optimization, the bonus SINR approach outperforms N=3 higher probability of LOS approach.  Note that in this contribution the backhaul quality is obtained assuming a uniformly randomly drop of RNs; placement of RNs near cell edge as proposed in ‎[3] 

 REF _Ref244596279 \r \h 
‎[6] 

 REF _Ref228592731 \r \h 
‎[7]  may yield different backhaul link quality.
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Figure 4 - CDF plots of Backhaul C/I with different assumptions

3.5 Backhaul Spectral Efficiency assuming optimization 
The backhaul link spectrum efficiency CDF with two or four omni-directional or directional antennas at the RN, assuming a 5dB bonus SINR placement optimization is shown in Figure 5 below. It is seen again that the best backhaul is obtained with the directional antennas for both cases. The mean backhaul link spectrum efficiency values are summarized in Table 2. Based on these results, for the inband relay simulations, directional antennas at the RN for receiving backhaul and relay placement site optimization using 5dB Bonus SNR are assumed.
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Figure 5 - CDF plots of backhaul spectral efficiency with 5 dB bonus SINR

Table 2 - Spectral efficiency for backhaul links with 5 dB bonus SINR

	Spec. Eff. (bits/symbol)
(5dB bonus)
	Case 1
	Case 3

	
	
	

	
	omni
	directed
	omni
	directed

	2 rx 
	3.61
	4.25
	3.75
	5.12

	4 rx 
	4.60
	5.33
	4.78
	6.25


4 System-level Dynamic Simulation Results
The following categories of Relays were simulated:
· Out-of-Band Relays

· The backhaul is unlimited and is assumed to not consume the radio resources on the eNB-UE or RN-UE links. Every RN and every eNB has all time-frequency resources to schedule the UEs. 
· InBand Relays with ideal backhaul link

· The backhaul link (eNB-RN) shares radio resources with the eNB-UE and RN-UE links. In a Radio Frame (with x backhaul subframes per Radio Frame), every eNB uses x subframes to serve the RNs and (10 – x) subframes to serve the UEs. Similarly each RN uses (10 – x) subframes to serve its UEs.

· The backhaul spectral efficiency is assumed to be ideal i.e. very high, so that the downlink scheduler at each RN does not throttle the traffic to the UE2s (UEs served by the RNs) based on the number of bits received by the RN from the backhaul.
· Typically, these results are expected to be similar to the scaled OOB results. These results are useful to understand the limitations brought upon by the non-ideal backhaul links and the potential gains when the backhaul links are fully optimized.
· InBand Relays with nonideal backhaul link
· The backhaul link shares radio resources with the eNB-UE and RN-UE links. In a Radio Frame (with x backhaul subframes per Radio Frame), every eNB uses x subframes to serve the RNs and (10 – x) subframes to serve the UEs. Similarly each RN uses (10 – x) subframes to serve its UEs. The backhaul spectral efficiency is assumed to be nonideal, i.e. realistic so that the downlink scheduler at each RN throttles the traffic to the UE2s (UEs served by the RNs) based on the number of bits received by the RN from the backhaul.
The dynamic system simulations results comparing the inband and out-of-band relays with the baseline no relays case are shown in figures 6 and 7 (see also Table 4 and Table 5 in Annex B). For the inband simulations it is assumed that each eNB reserves one or four downlink subframes in a Radio Frame to transmit backhaul to the RNs at each eNB. 
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Figure 6 – Throughput gains (%) with relays for Case 1, 4RNs/cell vs 10RNs/cell. 
The following are the conclusions for the Case 1 (Figure 6): 
· The out of band relays provide large gains for both the sector average (~220% for 4RNs/cell, ~360% for 10RNs/cell) and cell-edge throughputs (~87% for 4RNs/cell and ~240% for 10RNs/cell).
· The inband Relays with non-ideal backhaul provide much smaller gains in sector throughput gains over the baseline no relay case. For Case 1, the sector throughput and cell-edge throughput gains of 3% and 6%, respectively were observed with 4 RNs/cell and with 4 backhaul subframe/Radio Frame. 
· For inband relays with non-ideal backhaul, increasing the number of relays (from 4 to 10) does not necessarily improve performance.  This is because the UE2 throughputs are limited by the backhaul link throughputs which are not improved if the number of backhaul subframes is limited.  Furthermore, adding more relays in a small-cell system (e.g. Case 1 with ISD 500m) increases the interference and can degrade throughput.

· For inband relays with ideal backhaul link, as expected, the results scale as a fraction of the out-of-band results. The sector average and cell-edge throughputs roughly scale with the fraction of subframes available for access links. (i.e. 9/10 for 1 backhaul subframe/Radio Frame, and 6/10 for 4 backhaul subframe/Radio Frame).
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Figure 7 – Throughput gains (%) with relays for Case 3, 4RNs/cell vs 10RNs/cell.
The following are the conclusions for Case 3 (Figure 7) : 

· The out of band relays provide large gains for both the sector throughput (~210% for 4RNs/cell, ~390% for 10RNs/cell) whereas the cell edge throughput improvements are relatively smaller (~40% for 4RNs/cell, ~115% for 10RNs/cell).
· For inband relays, it was found that for four RNs/cell assigning 1 backhaul subframe/Radio Frame provides better performance compared to 4 backhaul subframes/Radio Frame where the trend is opposite for ten RNs/cell. Thus, the optimum subframe split is possibly time-varying for each eNB, depending upon the backhaul and access links. 
· The inband Relays with non-ideal backhaul provide much smaller gains in sector throughput gains over the baseline no relay case. 
· For inband relays with ideal backhaul link, as expected, the results scale as a fraction of the out-of-band results. 

As mentioned earlier this paper assumed a fixed and a simple access/backhaul split and improved results are expected when optimum resource partitioning schemes are enabled. Additional enhancement schemes including RN RS boosting, eNB Tx power reduction and TDM muting used in ‎

 REF _Ref228593064 \r \h 
‎[4] are studied and summarized in a companion contribution R1-094838 ‎[2] .

5 Conclusions

Following are the conclusions drawn in this paper:

· For the new channels models with Case 3, there is a significant disparity in the LOS probabilities for the RN-UE and eNB-UE links. 
· This more represents a mix of rural and suburban scenarios instead of only suburban
·  We propose to consider keeping the old (non-probabilistic) Case 3 model for suburban and rural scenarios.   Another suburban option would be to align with ITU suburban macro models with a larger ISD (e.g. 1.2km).
· For omni and directional antennas at the RN, the Relay placement optimization with 5 dB SNR bonus is slightly better than the N=3 increased probability of LOS. However, the difference is smaller for the case with directional antennas. 
· Out of band relays provide large gains over the baseline no relays for both Case 1 and Case 3.
· Inband Relays with a simple backhaul/access subframe partitioning provide small gains in sector and cell-edge throughput. 
· For Case 1, non-ideal inband backhaul,
· with ten Relays/cell, the best case sector throughput and cell edge throughput gains were approximately -1% and 19%, respectively. 
· with four Relays, the best case sector throughput and cell edge throughput gains were approximately 3% and 5%, respectively. 
· For Case 3, non-ideal inband backhaul,
· with ten Relays/cell, the best case sector throughput and cell edge throughput gains were approximately 5% and 17%, respectively. 
· with four Relays, the best case sector throughput and cell edge throughput gains were approximately 4% and 12%, respectively. 
· Advanced resource-partitioning scheme and improving backhaul further might be essential to realize inband relay gains.
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Annex A: Simulation assumptions
Table 3 – Simulation assumptions

	Parameter
	Assumption/Value

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

	Relay layout
	0 RN cell (baseline) or 4/10 cells per macro eNB cell, not wrapped‑around

	Inter-site distance (ISD)
	500 m (DS case 1), 1732 m (DS case 3), 

	Distance-dependent path loss for eNB(UE1
	Per latest agreed model in RAN1,  TR 36.814 v1.4.1

	Distance-dependent path loss for eNB(RN
	Per latest agreed model in RAN1,  TR 36.814 v1.4.1

	Distance-dependent path loss for RN(UE2
	Per latest agreed model in RAN1,  TR 36.814 v1.4.1

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	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
	50 m

	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

	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, 9 for data on the backhaul)

	Channel model
	Typical Urban (TU) used for PDSCH 

	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
	50 m for Case 1, 70m for Case 3

	Frequency reuse factor
	1

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

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Hybrid ARQ round trip delay for RN backhaul
	10 ms

	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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[image: image14.wmf]dB
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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)


	
[image: image15.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

-

=

v

dB

etilt

SLA

A

,

12

min

2

3

q

q

q

q



[image: image16.wmf]dB
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 = 10 degrees,  SLAv = 20 dB

	Antenna pattern for relays (vertical)
	Vertical pattern off

	Total macro BS TX power
	40 Watts, 46 dBm 

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

	BS antenna gain (incl. cable loss)
	14 dBi 

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

	BS and relay transmitter to UEs
	2 antennas

	Relay receiver from BS
	4 antennas

	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
	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 for BS

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Control channel model
	Ideal

	UE Channel Estimation
	Non Ideal

	Simulation drops
	3

	Link to System Mapping
	MMIB


Annex B: Simulation Results
Table 4 - Simulation results, no enhancement techniques (four RNs/cell, 25 UEs/cell) [image: image17.emf]Case 1 Case 3

Sector tput Cell Edge tput Sector tput Cell Edge tput

Gain 

compared 

to 

baseline

Gain 

compared 

to 

baseline

Gain 

compared 

to 

baseline

Gain 

compared 

to 

baseline

No Relays (Baseline)

2.7764 0.0% 0.0219 0.0% 2.8802 0.0% 0.0218 0.0%

Out-of-Band Relays 

8.9133 221.0% 0.0409 86.8% 8.8808 208.3% 0.0303 39.0%

InBand Relay with ideal backhaul 

link(1 backhaul subframes/Radio 

Frame)

8.1298 192.8% 0.0367 67.6% 8.2056 184.9% 0.0269 23.4%

InBand Relay with nonideal 

backhaul link (1 backhaul 

subframe/Radio Frame)

2.8467 2.5% 0.0216 -1.4% 2.9919 3.9% 0.0245 12.4%

InBand Relay with ideal backhaul 

link(4 backhaul subframe/Radio 

Frame)

5.55431 100.1% 0.0236 7.8% 5.8507 103.1% 0.0171 -21.6%

InBand Relay with nonideal 

backhaul link (4 backhaul 

subframe/Radio Frame)

2.8686 3.3% 0.0231 5.5% 2.9692 3.1% 0.017 -22.0%


Table 5 - Simulation results, no enhancement techniques (ten RNs/cell, 25 UEs/cell) [image: image18.emf]Case 1 Case 3

Sector tput Cell Edge tput Sector tput Cell Edge tput

Gain 

compared 

to 

baseline

Gain 

compared 

to 

baseline

Gain 

compared 

to 

baseline

Gain 

compared 

to 

baseline

No Relays (Baseline)

2.7764 0.0% 0.0219 0.0% 2.8802 0.0% 0.0218 0.0%

Out-of-Band Relays 

12.761 359.6% 0.0742 238.8% 14.048 387.7% 0.0472 116.5%

InBand Relay with ideal backhaul 

link(1 backhaul subframes/Radio 

Frame)

11.615 318.3% 0.045 105.5% 12.977 350.6% 0.0429 96.8%

InBand Relay with nonideal 

backhaul link (1 backhaul 

subframe/Radio Frame)

2.5487 -8.2% 0.0123 -43.8% 2.9027 0.8% 0.0192 -11.9%

InBand Relay with ideal backhaul 

link(4 backhaul subframe/Radio 

Frame)

7.9059 184.8% 0.0443 102.3% 9.1894 219.1% 0.0284 30.3%

InBand Relay with nonideal 

backhaul link (4 backhaul 

subframe/Radio Frame)

2.7434 -1.2% 0.026 18.7% 3.0243 5.0% 0.0255 17.0%
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