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1. Introduction

This contribution presents the simulation results for the coexistence between LTE-A and LTE/LTE-A/UTRA in the uplink (deployment scenarios 1, 2 and 3).
2. Deployment scenario, Assumptions and Methodology
The deployment scenarios studied, assumptions and methodology are described in ‎[11] and summarized in the annex.
3. UL Simulation Results
3.1. Scenario 1: UL 40 MHz LTE-A vs 10 MHz LTE

Simulations are performed for a range of ACIR shifts/offsets (X). The results for average throughput loss of LTE uplink are presented in Table 1 and Figure 1 for PC set 1 and in Table 2 and Figure 2 for PC set 2, respectively. The results for 5% CDF throughput loss of LTE uplink are presented in Table 3 and Figure 3 for PC set 1 and in Table 4 and Figure 4 for PC set 2, respectively. The 2-stage ACIR model specified in TR 36.942 [6] and the 3-stage ACIR model agreed in the base line document on simulation assumptions and methodology [11] are used. The results for the 2-stage ACIR model are produced in order to be able to compare them with the simulations results for LTE to LTE deployment scenario from ‎[6], presented in the last column of Table 1 to Table 4. These results are an average of results submitted to RAN4 by several companies. In addition, a comparison of results for the 2-stage ACIR model to those for the 3-stage ACIR model demonstrates the sensitivity of the UL coexistence performance to the refinement of the ACIR model.
Table 1:  Average throughput loss of LTE uplink, PC set 1
	ACIR shift (dB)
	LTE-A to LTE

(2-stage ACIR model)
	LTE-A to LTE

(3-stage ACIR model)
	LTE to LTE
(Average from TR36.942)

	-10
	24.45%
	13.155%
	9.99 %

	-5
	12%
	5.7062%
	4.89 % 

	0
	5.14%
	2.5919%
	2.17 %

	5
	1.71%
	1.1833%
	0.89 %

	10
	0.71%
	0.4986%
	0.34 %
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Figure 1: Average throughput loss of LTE uplink, PC set 1

Table 2:  Average throughput loss of LTE uplink, PC set 2

	ACIR shift (dB)
	LTE-A to LTE

(2-stage ACIR model)
	LTE-A to LTE

(3-stage ACIR model)
	LTE to LTE
(Average from TR36.942)

	-10
	15.614%
	7.80%
	6.73 %

	-5
	6.8627%
	3.34%
	3.03 %

	0
	2.701%
	1.31%
	1.25 %

	5
	0.92464%
	0.61%
	0.46 %

	10
	0.54745%
	0.29%
	0.14 %
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Figure 2: Average throughput loss of LTE uplink, PC set 2
Table 3:  5% CDF throughput loss of LTE uplink, PC set 1
	ACIR shift (dB)
	LTE-A to LTE

(2-stage ACIR model)
	LTE-A to LTE

(3-stage ACIR model)
	LTE to LTE
(Average from TR36.942)

	-10
	33.41%
	17.22%
	18.04 %

	-5
	12.41%
	6.42%
	6.20 %

	0
	3.7%
	2.24%
	1.87 %

	5
	1.01%
	1.09%
	0.58 %

	10
	0.52%
	0.56%
	0.19 %
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Figure 3: 5% CDF throughput loss of LTE uplink, PC set 1
Table 4:  5% CDF throughput loss of LTE uplink, PC set 2
	ACIR shift (dB)
	LTE-A to LTE

(2-stage ACIR model)
	LTE-A to LTE

(3-stage ACIR model)
	LTE to LTE
(Average from TR36.942)

	-10
	23.063%
	15.70%
	14.53 %

	-5
	8.6502%
	5.50%
	5.35 %

	0
	2.6714%
	1.81%
	1.49 %

	5
	0.62473%
	0.80%
	0.40 %

	10
	0.51904%
	0.13%
	0.14%
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Figure 4: 5% CDF throughput loss of LTE uplink, PC set 2
3.2. Scenario 2: UL 40 MHz LTE-A vs 40 MHz LTE-A

Simulations are performed for a range of ACIR shifts/offsets (X). The results for average throughput loss of LTE-A uplink are presented in Table 5 and Figure 5 for PC set 1 and in Table 6 and Figure 6 for PC set 2, respectively. The results for 5% CDF throughput loss of LTE-A uplink are presented in Table 7 and Figure 7 for PC set 1 and in Table 8 and Figure 8 for PC set 2, respectively. The 2-stage ACIR model specified in TR 36.942 [6] and the 3-stage ACIR model agreed in the base line document on simulation assumptions and methodology [11] are used. The results for the 2-stage ACIR model are produced in order to be able to compare them with the simulations results for LTE to LTE deployment scenario from ‎[6], presented in the last column of Table 5 to Table 8. These results are an average of results submitted to RAN4 by several companies. In addition, a comparison of results for the 2-stage ACIR model to those for the 3-stage ACIR model demonstrates the sensitivity of the UL coexistence performance to the refinement of the ACIR model.

Table 5:  Average throughput loss of LTE-A uplink, PC set 1
	ACIR shift (dB)
	LTE-A to LTE-A
(2-stage ACIR model)
	LTE-A to LTE-A
(3-stage ACIR model)
	LTE to LTE
(Average from TR36.942)

	-10
	22.57%
	8.78%
	9.99 %

	-5
	10.69%
	3.64%
	4.89 % 

	0
	4.42%
	1.37%
	2.17 %

	5
	1.68%
	0.52%
	0.89 %

	10
	0.57%
	0.19%
	0.34 %
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Figure 5: Average throughput loss of LTE-A uplink, PC set 1

Table 6:  Average throughput loss of LTE-A uplink, PC set 2

	ACIR shift (dB)
	LTE-A to LTE-A
(2-stage ACIR model)
	LTE-A to LTE-A
(3-stage ACIR model)
	LTE to LTE
(Average from TR36.942)

	-10
	13.77%
	7.80%
	6.73 %

	-5
	5.83%
	3.34%
	3.03 %

	0
	2.243%
	1.31%
	1.25 %

	5
	0.813%
	0.61%
	0.46 %

	10
	0.44%
	0.29%
	0.18 %
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Figure 6: Average throughput loss of LTE-A uplink, PC set 2

Table 7:  5% CDF throughput loss of LTE-A uplink, PC set 1
	ACIR shift (dB)
	LTE-A to LTE-A
(2-stage ACIR model)
	LTE-A to LTE-A
(3-stage ACIR model)
	LTE to LTE
(Average from TR36.942)

	-10
	27.46%
	7.42%
	18.04 %

	-5
	8.77%
	2.40%
	6.20 %

	0
	2.12%
	0.81%
	1.87 %

	5
	0.68%
	0.29%
	0.58 %

	10
	0.26%
	0.12%
	0.19 %
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Figure 7: 5% CDF throughput loss of LTE-A uplink, PC set 1
Table 8:  5% CDF throughput loss of LTE-A uplink, PC set 2
	ACIR shift (dB)
	LTE-A to LTE-A
(2-stage ACIR model)
	LTE-A to LTE-A
(3-stage ACIR model)
	LTE to LTE
(Average from TR36.942)

	-10
	17.96%
	6.69%
	14.53 %

	-5
	5.60%
	1.93%
	5.35 %

	0
	1.51%
	0.803%
	1.49 %

	5
	0.64%
	0.183%
	0.40 %

	10
	
	0.01%
	0.18%
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Figure 8: 5% CDF throughput loss of LTE-A uplink, PC set 2
3.3. Scenario 3: UL 40 MHz LTE-A vs UTRA

Simulations are performed for a range of ACIR shifts/offsets (X). The results for average capacity loss of UTRA uplink are presented in Table 9 and Figure 9 for PC set 1 and in Table 10 and Figure 10 for PC set 2, respectively. Only the 3-stage ACIR model is used which has been agreed in [11]. The results are compared with the simulation results for LTE to UTRA deployment scenario from ‎[6], presented in the last column of Table 9 and Table 10. These results are an average of results submitted to RAN4 by several companies.
Table 9:  Average capacity loss of UTRA uplink, PC set 1
	ACIR shift (dB)
	LTE-A to UTRA
(3-stage ACIR model)
	LTE to UTRA

(Average from TR36.942)

	-10
	100%
	100%

	-5
	100%
	87,34 %

	0
	69.6%
	34,85 %

	5
	19.7%
	11,58 %

	10
	6.2%
	3,67 %

	15
	2.2%
	1,72 %
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Figure 9: Average capacity loss of UTRA uplink, PC set 1
Table 10:  Average capacity loss of UTRA uplink, PC set 2
	ACIR shift (dB)
	LTE-A to UTRA
(3 stage ACIR model)
	LTE to UTRA

(Average from TR36.942)

	-10
	46.04%
	20.00 %

	-5
	14.05%
	8.00 %

	0
	4.58%
	4.00 %

	5
	1.66%
	1.00 %

	10
	0.68%
	0.3 %
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Figure 10: Average capacity loss of UTRA uplink, PC set 2
4. Discussions and Conclusion

This contribution presents results of studies conducted to evaluate the UL coexistence performance between an LTE-A aggressor system and LTE/LTE-A/UTRA victim systems. The assumptions, methodology and models suggested in ‎[11] for coexistence studies are used. Three FDD urban macro deployment scenarios in the 2.0 GHz band are investigated (Scenarios 1, 2 and 3 in [11]). For the victim systems in Scenarios 1 and 2, the results for UL average throughput loss and UL 5% CDF throughput loss are presented for two different ACIR models (2-stage and 3-stage), whereas for the UTRA victim system in Scenario 3, only the results for UL average throughput loss for the 3-stage ACIR model are presented.  
The results for Scenarios 1 and 2 show that the UL throughput degradation (average and 5% CDF) for PC set 1 is in general higher compared to that for PC set 2. This observation is independent from the ACIR model used (2-stage or 3-stage). However, the discrepancy between the throughput degradation for PC set 1 and that for PC set 2 considerably decreases or pretty vanishes for ACIR shifts ≥ 0. In addition, the results demonstrate that the UL throughput degradation (average and 5% CDF) for both scenarios in the case the 2-stage ACIR model is worse compared to that for the LTE to LTE. This performance degradation is partly due to the conservative 2-stage ACIR model and the larger number of aggressor UEs (12) in the LTE-A system. By using the 3-stage ACIR model for Scenarios 1 and 2 which appears to be a more realistic model [10], this discrepancy vanishes and the UL coexistence performance of these scenarios is similar to that of LTE to LTE based on the 2-stage ACIR model. An improvement in 5% UE performance compared to LTE to LTE coexistence was shown for Scenario 2, where both aggressor and victim LTE-A systems have 12 simultaneous UE transmissions. This improvement is partly due to the fact that a smaller fraction of victim UEs is impacted due to the larger system bandwidth.

The results for Scenario 3 (only for the 3-stage ACIR model presented) show that the throughput degradation of UTRA UL for PC set 1 is much larger than that for PC set 2. This phenomenon is similar to the observation made in the LTE to UTRA studies (based on the 2-stage ACIR model) reported in TR 25.942 (compare last rows of Table 9 and Table 10). The throughput degradation of Scenario 3 for PC set 1 is even higher compared to that for LTE to UTRA. However, the throughput degradation of Scenario 3 for PC set 2 is just slightly higher than that of LTE to UTRA for ACIR shifts ≥ 0.
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Annex: Simulations assumptions and ACLR models
A.1:
Assumptions

Simulations are carried out for the deployment scenario 1 in ‎[11]:
1) Urban macro deployment uplink: 2x20MHz LTE-A (aggressor system) to 10MHz LTE (victim system)
The assumptions for the simulations are summarized in the following table.

Table A-1: Simulations assumptions for Macro UL 
	Parameter
	Assumption

	Simulation type
	Snapshot

	Number of snapshots
	1000

	Carrier frequency
	2000 MHz

	System bandwidth
	2*20 MHz(aggressor),

10 MHz(victim)

	Cellular layout
	Hexagonal grid, 19 cell sites, 57 sectors

with BTS in the corner of the cell , 

65-degree sectored beam. 

	Wrap around 
	Employed

	Inter-site distance
	750m

	Traffic model
	Full buffer

	Pathloss model
	Urban in TR36.942: 
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	BS antenna pattern
	TR36.942

	BS antenna gain
	15 dBi

	White noise power density
	-174 dBm/Hz

	Scheduling algorithm
	 Round Robin

	HO margin
	3dB

	LTE RB width
	180kHz

	LTE RB number per user
	16

	LTE-A RB number per user
	16 

	Link simulation interface
	Attenuated and truncated form of the Shannon bound in TR36.942.doc

	Environment
	Macro Cell, Urban Area, uncoordinated deployment

	Noise Figure
	5 dB

	LTE UE max Tx power
	24 dBm

	LTE-A UE max Tx power
	23 dBm or 24dBm

	UE min Tx power
	-30 dBm

	PC set 1 for LTE 
	

	PLx-ile
	112

	Gamma
	1

	PC set 1 for LTE-A
	

	PLx-ile
	112

	Gamma
	1

	PC set 2 for LTE 
	

	PLx-ile
	129

	Gamma
	0.8

	PC set 2 for LTE 
	

	PLx-ile
	129

	Gamma
	0.8


A.2:
ACIR model
For UL it is assumed that the ACIR is dominated by the UE ACLR. 

The 2 stage ACIR model for LTE-A UL coexistence simulations is reused from TR 36.942.
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Table A-2:  Resource allocation to and ACLR model for aggressor LTE-A UE
	LTE-A


	Total number of RBs available


	Number of RBs per UE (Bandwidth)


	ACLR dB/ BAggressor

	
	
	
	Adjacent to edge of victim RBs
	Non Adjacent to edge of victim RBs

	40 MHz
	200
	16RB (16 × 180 kHz)
	30 + X (less than 16 RBs away)
	43 + X (more than 16 RBs away)

	X serves as the step size for simulations, X = … -10, -5, 0, 5, 10… dB


The 3 stage ACIR model for LTE-A to LTE and LTE-A to LTE-A UL coexistence simulations is agreed in R4-101053.

[image: image13.png]158

WHET 43+F

. Intesfesing UE
1w
- Vicim UE

ACLR

T¥NMHzLTE A

10MHzLTE





[image: image14]
ACLR1: 30 dB

ACLR2: 43 dB

ACLR3: 50 dB

Table ACIR model for 40MHz LTE-A interferer and 10MHz LTE victim, 16 RBs per UE

The 3 stage ACIR model for LTE-A to UTRA UL coexistence simulations is agreed in R4-101053 as follows.

Table 7 ACIR model for 40MHz LTE-A interferer and 5MHz UTRA victim, 16 RBs per LTE-A UE
	Frequency offset between aggressor (16RBs) and victim
	ACIR value (dB)

	0RBs
	30 + X

	16RBs
	43+X

	(32RBs
	49+X
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