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1
Introduction
In the recent RAN4 meetings, the simulation assumptions for LTE-A co-existence study were extensively discussed and agreed [1]. This contribution presents UL simulation results for LTE-A co-existence based on the agreed simulation assumptions.
2
Simulation assumptions
Scenarios #1, #2 and #3 in Table 1 were used in our simulations.
Table 1 Simulation scenarios

	Scenario #
	Aggressor system
	Victim system
	Simulation frequency
	Environment
	ISD
	Cell Range
	Priority

	1
	DL: 40 MHz, UL: 40 MHz LTE-A FDD
	10 MHz LTE FDD
	2000 MHz
	Urban Area
	750 m
	500 m
	High

	2
	DL: 40 MHz, UL: 40 MHz LTE-A FDD
	DL: 40 MHz, UL: 40 MHz LTE-A FDD
	2000 MHz
	Urban Area
	750 m
	500 m
	High

	3
	DL: 40 MHz, UL: 40 MHz LTE-A FDD
	5 MHz UTRA FDD
	2000 MHz
	Urban Area
	750 m
	500 m
	High

	4
	DL: 40 MHz, UL: 40 MHz LTE-A TDD
	1.6 MHz UTRA TDD
	2000 MHz
	Urban Area
	750 m
	500 m
	High


Simulation methodology and assumptions are based on [1]. The main parameters are listed in Table 2. 

Table 2 Simulation assumptions
	Parameter
	Assumption (common)

	Environment
	Macro cell, Urban area, Uncoordinated deployment

	Carrier frequency
	2000 MHz

	Cellular layout
	Hexagonal grid, 19 cell sites, 57 sectors with BTS in the corner of the cell , 
65-degree sectored beam.

	BTS antenna gain
(including feeder loss)
	15 dBi

	BTS antenna frontback ratio (Am)
	20 dB

	BTS antenna height
	30 m

	Inter-site distance
	750 m

	Pathloss model
	128.1+37.6log10(r) + 21*log10(fc/2.0)

	Log-normal fade shadow
	10 dB

	Shadowing correlation
	Between cells: 0.5, Between sectors: 1.0

	MCL (including antenna gain)
	70 dB

	Handover margin
	3 dB

	white noise power density
	-174 dBm/Hz

	BTS Noise figure
	5 dB

	Scheduling algorithm
	Round Robin

	Parameter
	Assumption (3.84 MHz UTRA FDD)

	system bandwidth
	5 MHz

	UE max Tx power
	21 dBm

	UE min Tx power
	-50 dBm

	Traffic model
	speech (8kbps), full-buffer

	non orthogonality factor
	N/A

	Target Eb/N0
	6.1 dB


Table 2(contd.) Simulation assumptions
	Parameter
	Assumption (10 MHz LTE FDD)

	system bandwidth
	10 MHz

	UE max Tx power
	23 dBm

	UE min Tx power
	-40 dBm

	Power control algorithm
	Fractional TPC

	P0PUSCH
	-101.0 dBm (TPC set1), -92.24 dBm (TCP set 2)

	Alpha
	1.0 (TPC set 1), 0.8 (TPC set 2)

	Traffic model
	full-buffer

	Resource Block (RB) size
	180kHz, total: 50 RBs (48 RBs)

	RB number per active UEs
	16 RBs

	number of active UEs
	3 UEs

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

	Parameter
	Assumption (40 MHz LTE-A FDD)

	system bandwidth
	40 MHz

	UE max Tx power
	23 dBm

	UE min Tx power
	-40 dBm

	Power control algorithm
	Fractional TPC

	P0PUSCH
	-101.0 dBm (TPC set1), -92.24 dBm (TCP set 2)

	Alpha
	1.0 (TPC set 1), 0.8 (TPC set 2)

	Traffic model
	full-buffer

	Resource Block (RB) size
	180kHz, total: 200 RBs (192 RBs)

	RB number per active UEs
	16 RBs

	number of active UEs
	12 UEs

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


3
Simulation results

3.1
Aggressor: LTE-A, Victim: LTE

Figure 2, 3 present simulation results for Scenario #1 in Table 1, and the LTE throughput loss values are summarized in Table 4. The 5%-ile throughput loss would be comparable with the DOCOMO LTE-LTE coexistence simulation results in TR36.942. The cell throughput loss would also be similar to that of LTE-LTE co-existence in the regions where the capacity loss is lower than 5%. Based on the results, it could be concluded that the co-existence between LTE-A (aggressor) and LTE (victim) would be feasible.
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Figure 2  10 MHz-LTE 5%-ile throughput loss
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Figure 3  10 MHz-LTE cell throughput loss
Table 4  10 MHz-LTE throughput loss
	Offset value
X [dB]
	TPC set 1
	TPC set 2

	
	Cell throughput
loss [%]
	5%-ile throughput
loss [%]
	Cell throughput
loss [%]
	5%-ile throughput
loss [%]

	-15
	25.6 
	42.4 
	17.5 
	31.7 

	-10
	13.2 
	17.1 
	8.3 
	13.0 

	-5
	6.1 
	6.5 
	3.6 
	5.2 

	0
	2.6 
	2.9 
	1.4 
	1.8 

	5
	1.0 
	1.3 
	0.5 
	0.7 

	10
	0.4 
	0.4 
	0.2 
	0.2 

	15
	0.0 
	0.0 
	0.0 
	0


3.2
Aggressor: LTE-A, Victim: LTE-A
Figure 4, 5 present simulation results for Scenario #2 in Table 1, and the LTE-A throughput loss values are summarized in Table 5. The LTE-LTE coexistence results in TR36.942 are also shown in the figures for reference. The results indicate that both the 5%-ile throughput loss and cell throughput loss would be comparable with that of LTE-LTE co-existence. Therefore, it is concluded that the co-existence between LTE-A (aggressor) and LTE-A (victim) would be feasible. 
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Figure 4  40 MHz-LTE-A 5%-ile throughput loss
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Figure 5  40 MHz-LTE-A cell throughput loss
Table 5  40 MHz-LTE-A throughput loss
	Offset value
X [dB]
	TPC set 1
	TPC set 2

	
	Cell throughput
loss [%]
	5%-ile throughput
loss [%]
	Cell throughput
loss [%]
	5%-ile throughput
loss [%]

	-15
	19.1 
	26.4 
	12.3 
	19.3 

	-10
	9.1 
	8.2 
	5.3 
	8.0 

	-5
	3.8 
	2.4 
	2.1 
	2.8 

	0
	1.5 
	1.0 
	0.8 
	1.3 

	5
	0.6 
	0.3 
	0.3 
	0.2 

	10
	0.2 
	0.0 
	0.1 
	0.0 

	15
	0.0 
	0.0 
	0.0 
	0


3.3
Aggressor: LTE-A, Victim: UTRA
Figure 6 present simulation results for Scenario #3 in Table 1, and the UTRA capacity loss values are summarized in Table 6. From the results, it could be observed that the capacity loss in LTE-A vs. UTRA case would be larger than that in LTE vs. UTRA case. Such larger capacity loss would be caused by the increased number of interfering UEs in the LTE-A vs. UTRA case. In other words, that the capacity loss in LTE-A vs. UTRA would be comparable with that in 4 x LTE (10 MHz) vs. UTRA case. 

It is noted that the UTRA capacity is significantly degraded in TPC set 1. It implies that network operators need to carefully adopt moderate UL TPC parameters, such as TPC set 2, in order to achieve the co-existence between LTE-A and UTRA, similarly to LTE-UTRA co-existence. 
Based on the above analysis, it is felt that the co-existence between LTE-A (aggressor) and UTRA (victim) would be feasible.
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Figure 6  3.84 MHz-UTRA capacity loss
Table 6  3.84 MHz-UTRA capacity loss
	Offset value X [dB]
	TPC set 1
	TPC set 2

	-15
	
	100.0 

	-10
	
	46.4 

	-5
	100.0 
	14.3 

	0
	70.0 
	5.0 

	5
	21.4 
	2.1 

	10
	6.4 
	1.4 

	15
	2.9 
	0.7 


4
Conclusions
This contribution presented uplink simulation results for LTE-Advanced based on the agreed simulation assumptions. 
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