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1
Introduction
Type-1 relays has been studied as a part of LTE-Advance study item, and recently in RAN#46 [1], type-1 relay has been accepted as a new work item for release 10. 
In the previous meetings, downlink system performance for type-1 relay has been examined [2-6], and the results show that type-1 relay could provide throughput gain both in average cell throughput and cell edge throughput in downlink. In this contribution, we provide uplink system evaluations for type-1 relay, and the results show that also for uplink, type-1 relay can provide considerable gain.
2
Modelling
In this chapter, several modelling related issues are discussed.
2.1
Relay Deployment
Relay layout and locations could be planned to further exploit the cell coverage gain that brings by type-1 relay, thus improve the user experiences at cell edge. In the evaluation shown in this paper, relays are placed at the cell edge and s distributed over the cell edge area to provide good coverage. The location of relays in three sectors is symmetrical. In this paper, 1, 4, and 10relays per sector cases are studied, and the detailed relay deployment for these three cases are shown in the following figure:
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   (a) 1 relay per sector         (b) 4 relays per sector         (c) 10 relays per sector
Figure 1 Relay Deployment
2.2

Backhaul Link
In the backhaul subframe, because of TDM division between backhaul link and access link, relay will transmit to DeNB and do not receive any data from relay-UEs. And in this evaluation, we assume that backhaul subframes are used exclusively for relay uplink transmission i.e. no macro-UE transmits are scheduled in the backhaul subframe. All relays have the same backhaul subframe settings. Relay antenna settings are according to [7], and in this evaluation, two antenna sets are used for relay i.e. an omni-antenna is used for the access link and a directional antenna is used for the backhaul link. 5 dB bonus is used as site planning gain for the link between relays and DeNB. The HARQ RTT for backhaul link is assumed to be 10ms. Relays also use the same power control procedure as that of macro-UE. Only open loop power control procedure is used and relays have the same fractional power control parameters (P0 and alpha) as macro-UEs, although the power control parameters is not the optimized value for relay scenarios. More details of parameter settings can be found in the Appendix. The backhaul link geometry please refer to our DL relay performance paper [8].
2.3
Scheduling
Propotional fair scheduler are used for all three links which include direct link from macro-UE to eNB; backhaul link from relay to DeNB and access link from relay-UE to relay. To consider the backhaul link bottleneck, Relays will not schedule relay-UEs when relay buffer is full. This relay buffer size is controlled by a parameter and is set according to the maximum data that relay could be transmiting in the cofigured backhaul subframes. The frequency reuse factor between relay cell and macro cell is 1, and for access link and direct link, fixed frequency resource will be allocated to macro-UEs and relay-UEs. This means for access link, it is possible that not all frequency resource is used by relay-UEs. For backhaul link, the frequency resource allocated to relays is according to relay buffer size. More specifically, is according to the following formula:
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In the formula, PRBNumi is the number of PRBs allocated to relay i; nBufferSizei is the buffer size for relay i; and nTotalPRBNumberForRelays is set to all available PRBs in one TTI. The residual PRBs that remain due to floor function in the formula will be allocated to relays according to relay buffer size order.
2.4
Case3 channel model
Channel model for relay scenario has been dicussed a lot during past several meetings and email discussions [9], and in [10], a new suburban LOS probability is added for case3 scenario. From Figure 2, the new added LOS probability largely decrease the probability that cell-edge users select LOS link for case3, and this will reflect more coverage gain for case3. In the evaluation of this paper, case3 will use new added suburban channel model.
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Figure 2 LOS probability for latest relay channel model
3
Simulation Settings
In total 19 sites are simulated with wraparound, and each site is sectorized with 3 sectors. 10 MHz bandwidth is assumed with two PRBs consumed for control channels, thus there are 48 PRBs for uplink data transmission. TU channel is assumed for all three links which are direct link, access link and backhaul link. 25 Users are dropped within each sectors coverage area (including the area covered by the respective Relays). Relay location is planned and fixed according to relay deployment as discussed in section 2.1. When UE doing initial access, UE will select the cell with highest received RS power, no matter wheter it’s a macro cell or relay cell. Full buffer traffic is assumed for access link and direct link, and for backhaul link, relay buffer size is according to the correctly received uplink data from relay-UEs. Propotional fair scheduler is used for all three links, and always 6 PRBs are allocated to macro-UEs and relay-UEs. Frequency resource allocated to relays is according to the buffer size of the respective relay, which is discussed in section 2.3. Backhaul link will have the same HARQ procedure as access link and direct link but has different HARQ channel and maximum transmission times. Fractional power control is used for all three links with the same P0 and alpha value. And note the values used in this evaluation are not optimized for relay system. For more detail simulation parameters please refer to the Appendix.
4
Simulation Results

This chapter will shows the results for case1 and case3 with suburban channel model, and also case3 with higher relay transmit power that defined in [7]. The simulated scenarios include eNB only case, I-BH case and relay cases. eNB only case with random LOS/NLOS channel model in [7] is used as baseline. And I-BH (ideal backhaul link) case is used to simulate the upper bound of relay gains, in which no backhaul subframe is configured and assume backhaul link is ideal. Finally, relay case will consider 1, 4, and 10 relays per sector, and also 1, 2, 4, 6 backhaul subframes, to show the sector throughput and UE throughput gains compared to the eNB only results. 
4.1
Case1
Table 1 shows the detail throughput results and corresponding gains for case1. The blue column shows the gains of total sector throughput, 5% UE throughput and average UE throughput, compared to the results of the eNB only case. The last column shows the results of relay-UE percentage, which is the ratio of relay-UE number and total UE number in the system. The first row shows the eNB only case results as the baseline and the following rows show the results for relay systems with 1 relay per sector,4 relays per sector and 10 relays per sector. Five cases are examined for relay performance, which include I-BH case and 1, 2, 4, 6 backhaul number cases. I-BH case has no backhaul subframe configured and assume backhaul link is ideal, and thus I-BH case shows the upper bound of type-1 in-band relay performance.
From table 1, I-BH case shows a high throughput gain (~38% by 1 relay per sector and ~115% by 4 relays per sector and ~199% by 10 relays per sector) for both aggregate sector throughput and average UE throughput and also the 5% UE throughput. And for relays with backhaul link limitation, when the backhaul subframe number is increased, the throughput for macro-cell and macro-UE is always decreasing, which is because the backhaul subframe is exclusively used for relay transmission in this simulation and therefore the time-domain resource for macro-cell is always decreased. For the throughput of relay cell, the trend is first an increase and then a decrease. This is mainly because relay-UEs are always allocated a fixed PRB number and relay-cell frequency resource for access link is not used up. Besides, relay-UE number is low for case1 according to the last column. Thus, the actual relay-cell throughput is not very high and backhaul link bottleneck effect is not so obvious. And for total throughput gain, with the best cases, 1 relay per sector with 1 backhaul subframe could provide ~5% gain for average sector/UE throughput and ~14% gain for 5% UE throughput; 4 relays per sector with 2 backhaul subframes could provide ~16% gain for for average sector/UE throughput and ~37% gain for 5% UE throughput; 10 relays per sector with 4 backhaul subframes could provide ~35% gain for for average sector/UE throughput and ~79% gain for 5% UE throughput. The best cases row for each relay number is highlighted with orange color.
Compared with downlink gains results from other companies, the uplink gains is larger. This is mainly because the average UE link quality (which includes access link and direct link) improvement of uplink is larger than that for downlink in the scenario of this evaluation in which uplink resource is not used up then uplink interference is not so severe. For downlink, when relay is introduced into system, the wideband downlink SINR for average UE link has no much gains, and even decreased; while for uplink, the instant SINR is increased (for example for 4 relays scenario increased about 3dB for case 1). Besides, uplink backhaul SINR is larger than the wideband downlink SINR. All of this results in the larger uplink performance improvement.
Table 1 Throughput results for case1
	Scenarios
	Average macro-cell throughput per sector (Mbps)
	Average relay throughput per sector (Mbps)
	Average aggregate throughput per sector (Mbps)
	5-tile UE throughput (kbps)
	Average M-UE throughput  (kbps)
	Average R-UE throughput  (kbps)
	Average UE throughput  (kbps)
	R-UE Ratio (%)

	
	
	
	Value
	Gains
	Value
	Gains
	
	
	Value
	Gain
	

	eNB only
	10.09
	0
	10.09
	0.00%
	141.9
	0.00%
	403.5
	0
	403.5
	0.00%
	0

	1 Relay Per Sector
	I-BH
	10.016
	3.933
	13.949
	38.25%
	181.5
	27.91%
	454.1
	1527
	564
	39.78%
	10.25

	
	1
	9.181
	1.379
	10.56
	4.66%
	161.9
	14.09%
	410.3
	545.3
	424.1
	5.11%
	

	
	2
	8.113
	2.279
	10.392
	2.99%
	144.8
	2.04%
	362.6
	906.4
	418.3
	3.67%
	

	
	4
	6.065
	2.243
	8.308
	-17.66%
	106.5
	-24.95%
	271
	879.8
	333.4
	-17.37%
	

	
	6
	4.05
	1.479
	5.529
	-45.20%
	74.24
	-47.68%
	181
	573.8
	221.3
	-45.15%
	

	4 Relay Per Sector
	I-BH
	10.95
	10.77
	21.72
	115.26%
	284.2
	100.28%
	591.6
	1676
	873.8
	116.56%
	25.94

	
	1
	10.03
	1.472
	11.502
	13.99%
	111.3
	-21.56%
	541.8
	225.6
	459.5
	13.88%
	

	
	2
	8.854
	2.911
	11.765
	16.60%
	194.2
	36.86%
	478.2
	444.9
	469.6
	16.38%
	

	
	4
	6.551
	5.085
	11.636
	15.32%
	169.2
	19.24%
	353.7
	787.8
	466.7
	15.66%
	

	
	6
	4.334
	4.059
	8.393
	-16.82%
	111.7
	-21.28%
	234.2
	630.1
	337.3
	-16.41%
	

	10 Relay Per Sector
	I-BH
	12.72
	17.53
	30.25
	199.80%
	496.2
	249.68%
	838.9
	1755
	1201
	197.65%
	40.19

	
	1
	11.94
	1.468
	13.41
	32.88%
	71.96
	-49.29%
	786.6
	150
	535
	32.59%
	

	
	2
	10.53
	2.935
	13.47
	33.45%
	143.2
	0.92%
	693.3
	299.3
	537.6
	33.23%
	

	
	4
	7.718
	5.893
	13.61
	34.90%
	253.9
	78.93%
	508.1
	598.9
	544
	34.82%
	

	
	6
	5.03
	6.567
	11.6
	14.94%
	193.4
	36.29%
	331.2
	657.9
	460.4
	14.10%
	


4.2
Case3 with Suburban Channel Model
Table 2 shows the detail throughput results and corresponding gains for case3. The columne and rows are similar to those of case1 in section 4.1. All the throughput gains in the table are compared to the results of the eNB only case.

From table 2, first we can see that the relay-UE number is much higher than for case1 (almost twice). And looking into the results of I-BH case, we see very high throughput gain (~178% by 1 relay per sector and ~445% by 4 relays per sector and ~664% by 10 relays per sector) for both aggregate sector throughput and average UE throughput. The gain mainly comes from the much higher throughput from relay cell. This is because in case3, relay-UE will experience much less interference and higher average uplink SINR, which is shown in the following figure:
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Figure 3 Example for uplink instant SINR and received interference for relay-UEs
And for relays with backhaul link limitation, when the backhaul subframe number is increased, the throughput for macro-cell and macro-UE are always decreased, which is because the backhaul subframe is exclusively for relay transmission and the time-domain resource for macro-cell is always decreased, this is similar with case1. But for the throughput of relay cell, the trend is always increasing. This is because case3 has higher relay-UE number and also higher uplink instant SINR to create higher actual relay cell throughput. Thus backhaul link becomes the bottleneck for case3. For total throughput gain, with the best cases, 1 relay per sector with 1 backhaul subframe could provide ~17% gain for average sector/UE throughput and ~12% gain for 5% UE throughput; 4 relays per sector with 2 backhaul subframe could provide ~54% gain for for average sector/UE throughput and ~70% gain for 5% UE throughput; 10 relays per sector with 2 backhaul subframe could provide ~110% gain for for average sector/UE throughput and ~556% gain for 5% UE throughput. The best cases row for each relay number is labelled with orange color.
Table 2 Throughput results for case3 with suburban channel model
	Scenarios
	Average macro-cell throughput per sector (Mbps)
	Average relay throughput per sector (Mbps)
	Average aggregate throughput per sector (Mbps)
	5-tile UE throughput (kbps)
	Average M-UE throughput  (kbps)
	Average R-UE throughput  (kbps)
	Average UE throughput  (kbps)
	R-UE Ratio (%)

	
	
	
	Value
	Gains
	Value
	Gain
	
	
	Value
	Gain
	

	eNB only
	6.472
	0
	6.472
	0.00%
	26.59
	0.00%
	258.9
	0
	258.9
	0.00%
	0

	1 Relay Per Sector
	I-BH
	6.317
	11.65
	17.967
	177.61%
	29.31
	10.23%
	317.4
	2304
	720.3
	178.22%
	20

	
	1
	6.175
	1.367
	7.542
	16.53%
	29.85
	12.26%
	310.5
	272.4
	302.8
	16.96%
	

	
	2
	5.19
	2.706
	7.896
	22.00%
	25.77
	-3.08%
	261.9
	532.9
	316.8
	22.36%
	

	
	4
	3.587
	4.6
	8.187
	26.50%
	18.02
	-32.23%
	181.5
	902.1
	327.6
	26.54%
	

	
	6
	2.354
	4.152
	6.506
	0.53%
	11.63
	-56.26%
	118.8
	822.6
	261.5
	1.00%
	

	4 Relay Per Sector
	I-BH
	8.935
	26.33
	35.265
	444.89%
	52.22
	96.39%
	694.3
	2182
	1418
	447.70%
	48.05

	
	1
	8.512
	1.279
	9.791
	51.28%
	39.6
	48.93%
	662.5
	104.7
	391.2
	51.10%
	

	
	2
	7.311
	2.638
	9.949
	53.72%
	45.22
	70.06%
	569.2
	217
	397.9
	53.69%
	

	
	4
	5.183
	5.352
	10.535
	62.78%
	33.61
	26.40%
	403.4
	440.1
	421.2
	62.69%
	

	
	6
	3.329
	7.741
	11.07
	71.04%
	21.69
	-18.43%
	258.8
	637.6
	442.8
	71.03%
	

	10 Relay Per Sector
	I-BH
	11.79
	37.69
	49.48
	664.52%
	501.6
	1786.2%
	1496
	2197
	1978
	664.00%
	69.27

	
	1
	11.05
	1.436
	12.49
	92.92%
	43.96
	65.33%
	1398
	82.85
	493.7
	90.69%
	

	
	2
	9.774
	2.948
	12.72
	96.57%
	61.64
	131.82%
	1234
	170.1
	502.4
	94.05%
	

	
	4
	7.181
	5.998
	13.18
	103.63%
	147
	452.84%
	907.2
	345.9
	521.3
	101.35%
	

	
	6
	4.682
	8.925
	13.61
	110.24%
	174.6
	556.64%
	591.6
	513.3
	537.8
	107.72%
	


4.3
Case3 with Higher Relay Transmit Power
In this section, relays with higher transmit power (37 dBm) are studied. Table 3 shows the detail throughput results and gains. These gains are based on the corresponding results for the baseline relay transmit power (30 dBm). From the results, we could see that the relay-UE number is further increased by about 5%. And considerable gains for 5% UE throughput are observed but for average sector/UE throughput, the gain not so obvious. 
Form another perspective, this case is equal to add some cell-bias gains when UE doing initial acess. This is because maximum relay transmit power will not impact backhaul link quality very much due to power control procedure, so the only effect of higher relay transmit power is to access more UEs to relay cell, which is equal to cell-bias method. It has been shown that for downlink, cell-bias could provide gains for sector throughput but some degrades also observed for 5th percentile throughput [11], and from the results in this evaluation, cell-bias method could provide gains for both average throughput and 5th percentile throughput for uplink.
Table 3 Throughput results for case3 with higher relay transmit power
	Scenarios
	Average macro-cell throughput per sector (Mbps)
	Average relay throughput per sector (Mbps)
	Average aggregate throughput per sector (Mbps)
	5-tile UE throughput (kbps)
	Average M-UE throughput  (kbps)
	Average R-UE throughput  (kbps)
	Average UE throughput  (kbps)
	R-UE Ratio (%)

	
	
	
	Value
	Gains
	Value
	Gains
	
	
	Value
	Gains
	

	1 Relay, 2 BH SF
	5.115
	2.88
	7.995
	1.25%
	28.49
	10.55%
	272.4
	451
	317.9
	0.35%
	25.31

	4 Relay, 2 BH SF
	7.574
	2.603
	10.177
	2.29%
	56.29
	24.48%
	661.8
	191.9
	406.5
	2.16%
	54.34

	10 Relay, 2 BH SF
	10.466
	2.944
	13.41
	5.4%
	75.22
	22.03%
	1660
	156.6
	525.0
	4.5%
	75.24


3
Conclusions
In this contribution, the uplink performance for type-1 inband relay and I-BH (ideal backhaul) case is studied with the latest agreed channel model. With the fixed and planned relay deployment, and with two antenna sets and site planning gain for backhaul link, throughput results for 1,4 and 10 relays per sector, and for 1, 2, 4, 6 backhaul subframes are showen for both case 1 and case 3 with suburban channel model. And in the last part of the paper, case 3 with higher relay transmit power is also examined. From the results, we can derive the following conclusions:
· For backhaul link, using directional antenna between relays and DeNB could provide ~10 dB gain for average wideband DL SINR; and site planning gain mainly improves the cases where the backhaul link happens to have lower quality;
· For case 1, backhaul link bottleneck is not so obvious. And 1 relay per sector with 1 backhaul subframe can provide ~5% gain for average sector/UE throughput and ~14% gain for 5% UE throughput; 4 relays per sector with 2 backhaul subframes can provide ~16% gain for for average sector/UE throughput and ~37% gain for 5% UE throughput; 10 relays per sector with 4 backhaul subframes could provide ~35% gain for for average sector/UE throughput and ~79% gain for 5% UE throughput;
· For case 3 with suburban channel model, backhaul link becomes the bottleneck and 1 relay per sector with 1 backhaul subframe can provide ~17% gain for average sector/UE throughput and ~12% gain for 5% UE throughput; 4 relays per sector with 2 backhaul subframes can provide ~54% gain for for average sector/UE throughput and ~70% gain for 5% UE throughput; 10 relays per sector with 2 backhaul subframes could provide ~110% gain for for average sector/UE throughput and ~556% gain for 5% UE throughput;
· For case3 with higher relay transmit power, considerable gains for 5% UE throughput (10% ~ 24%) is observed and for average sector/UE throughput, the gain is not so obvious. This case also shows cell-bias could provide gains for both average UE throughput and 5th percentile throughput.
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Appendix: Simulation Assumptions
	Parameter
	Assumption/Value

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

	Relay layout
	1 or 4 or 10 relays per sector; relay layout is regular; 

	Inter-site distance (ISD)
	Case1
	500 m 

	
	Case3
	1732 m

	Minimal distance between UE and relay
	>= 35 meters

	Distance-dependent path loss for eNB(UE1
	PLLOS(R)=103.4+24.2log10(R), R in kilometers

PLNLOS(R)= 131.1+42.8log10(R), R in kilometers

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) , R in kilometers (DS Case 1)

Prob(R)=exp(-(R-0.01)/0.2) , R in kilometers (DS Case 3)

	Distance-dependent path loss for eNB(relay
	PLLOS(R)=100.7+23.5log10(R), R in kilometers

PLNLOS(R)= 125.2+36.3log10(R)-B, R in kilometers

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

Prob(R)=exp(-(R-0.01)/0.23) , R in kilometers (DS Case 3)

Bonus for donor macro (from each of its sectors) to relay for optimized deployment, B=5dB; otherwise, for non-donor cell and non-optimized deployment, B=0dB

LOS probability is 1-(1-Prob(R))^N  where N=3 for donor macro (from each of its sectors) to relay, otherwise, for non-donor cell and non optimized deployment N=1.
If link from donor Macro to optimized relay site is LOS, the links from other macros to optimized relay site could be LOS or NLOS, else all interference links from other macros are NLOS.

	Distance-dependent path loss for RN(UE2
	PLLOS(R)=103.8+20.9log10(R), R in kilometers

PLNLOS(R)=145.4+37.5log10(R), R in kilometers

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)), R in kilometers (DS case 1)

Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095)), R in kilometers (DS case 3)

	Lognormal Shadowing
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing std: macro to UE
	NLOS link
	8 dB

	
	LOS link
	0 dB

	Shadowing std: macro to relay
	NLOS link
	6 dB

	
	LOS link
	0 dB

	Shadowing std: 
relay to UE
	NLOS link
	10 dB

	
	LOS link
	0 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 relay
	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, 3 for RS and sounding overhead)

	Channel model
	Typical Urban (TU) used for all links

	UE deployment
	25 UEs per sector, uniform randomly distributed over the system with load balance enabled

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Synchronized, CC, 11 levels MCS for all links

	Hybrid ARQ round trip delay
	8 subframes (8 ms); 10 subframes for backhaul link

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs to UEs (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 to UEs (horizontal)
	Omni-directional
	0 dB for all directions

	
	Directional
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[image: image11.wmf]dB
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 = 70 degrees, Am = 20 dB (70 degree horizontal beamwidth)

	Total macro BS TX power
	40 watts, 46 dBm

	Total relay TX power
	1 watt, 30 dBm

	BS antenna gain (incl. cable loss)
	14 dBi

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

	
	RxTx with UE2
	7 dBi

	UE antenna gain
	0 dBi

	BS and relay receiver from UEs
	2 antennas

	Relay transmitter
	1 antennas

	UE transmitter
	1 antennas

	UE speed
	3 km/h

	Relay noise figure
	5 dB

	UE noise figure
	9 dB

	Traffic type
	Full buffer

	Scheduler
	Proportional Fair scheduler

	Control channel model
	Ideal

	Link to system level interface
	EESM

	UE Channel Estimation
	Non-ideal

	Power control (not optimized)
	Case 1
	P0 = -56 dBm; alpha = 0.6

	
	Case 3
	P0 = -67 dBm; alpha = 0.8

	Simulation drops
	3
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