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1. Introduction

This document presents UL co-existence simulation results for 10 MHz LTE-LTE and 5 MHz LTE-UTRA case. As UL PC method or whether details of UL PC will be standardised have not yet been decided in RAN1, it is necessary for RAN4 to agree suitable UL PC control assumptions for it UL co-existence studies. During the RAN4 discussions various different PC control algorithms and parameters have been proposed for the UL PC used in UL co-existence studies. Discussions on the UL PC algorithm converged to a SNR based PC algorithm, which is relatively easy to implement to a simulator. Unfortunately due to limited amount of time no final agreement on UL PC parameters was reached. Thus, in our studies we have varied UL PC parameters within the ranges discussed on the RAN4 LTE reflector in order to understand how the LTE system behaves with different settings and how sensitive LTE-UTRA coexistence actually is to the selected UL PC control and network operating and optimisation point of the LTE network. 
2. LTE-LTE UL co-existence results
In this section we present UL co-existence simulation results for 10 MHz LTE-LTE UL case with 8 RBs per UE. As already discussion in Section 1 not all UL PC parameters were fully agreed during the time that these simulations were performed. Therefore we have studied the impact of different PC parameters on LTE throughput performance. ACIR impact on victim system throughput is also simulated for each simulation case. The UL PC algorithm used in the simulations is the same SNR based PC algorithm that was discussed and agreed on the RAN4 LTE reflector during July and August. 

Table 1 presents simulation cases with different power control parameters and corresponding user throughput figures. The simulation cases are listed in decreasing user throughput order. Note that the maximum user throughput in LTE system with parameters used in the simulation is 6000kbps.
Table 1 Simulation cases with different PC parameters and user throughput figures in each simulation case

	Case
	PC  param. Alpha [dB]
	PC  param. Beta 
	Mean User Tput
	Fractile for mean user Tput

[kbps]

	
	
	
	
	5%-tile
	10%-tile
	50%-tile
	90%-tile
	95%-tile
	99%-tile

	1
	70
	1.0
	2359
	0
	191.3
	2444
	6000
	6000
	6000

	2
	70
	0.5
	2195
	287.2
	471.1
	1841
	4513
	5458
	5996

	3
	35
	0.8
	1793
	531
	657
	1626
	3171
	3706
	4673

	4
	21
	1.0
	1572
	540.3
	631.1
	1362
	2778
	3325
	4222

	5
	16
	1.0
	1528
	538
	627.2
	1343
	2691
	3186
	3963

	6
	24
	0.8
	1407
	478.9
	593.4
	1329
	2322
	2695
	3245

	7
	21
	0.8
	1170
	435
	533.5
	1109
	1906
	2154
	2563
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Figure 1. User Tput CDFs for different simulation cases
Case 1: PC Alpha = 70 dB and Beta = 1.0
This Case 1 is quite a special case out of all the simulated cases as all UEs in both of the LTE systems at the maximum transmit power (i.e. Maximum UE Tx power is used even without any ACIR impact). Intra-system interference in this case is very high, which means that ACIR impact on the victim system remains quite modest. However, this is not expected to be a realistic case as UL PC control is an essential feature for efficient LTE UL operations regardless of exact network optimisation parameters that an operator may have. The results are presented just for a reference as this parameter setting was also discussed as one of the UL PC parameterisation options. We believe that no further work in this kind of a case, where no UL PC is applied, is needed.
	[image: image2.emf]-2.00%

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

20 25 30 35 40

ACIR [dB]

Tput loss [%]

5

10

50

90

95

99


	[image: image3.emf]-2.00%

0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

20 25 30 35 40

ACIR [dB]

CTput loss [%]

5

10

50

90

95

99




Figure 2 User Throughput and Cell throughput loss as a function of ACIR
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Figure 3 CIR distributions for the interfering system (Oper 0) and victim system (Oper 1) when ACIR = 30 dB
Figure 3 shows that although this case has rather high CIR values the case also contains the tail for low CIR values is significantly longer than in the rest of simulated cases. This indicates very large distributions in user throughputs in the system. Additionally we can see that CIR distribution goes up to 30dB which means that intra-RB-interference in the order of 40dB of more (~10dB higher linearity than in WCDMA) is needed or other vice interference between the RBs that’s not modelled in the simulations would limit CIR distribution and the system Tput.
Case 2: PC Alpha = 70 dB and Beta = 0.5
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Figure 4 User Throughput and Cell throughput loss as a function of ACIR
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Figure 5 CIR distributions for the interfering system (Oper 0) and victim system (Oper 1) when ACIR = 30 dB

Figure 5 shows that the CIR distribution varies between -15 to 20dB which means similar UE transmitter linearity as today in WCDMA (ACLR ~33dB) would be enough to meet good system performance.
Case 3: PC Alpha = 35 dB Beta = 0.8
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Figure 6 User Throughput and Cell throughput loss as a function of ACIR
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Figure 7 CIR distributions for the interfering system (Oper 0) and victim system (Oper 1) when ACIR = 30 dB

Case 4: PC Alpha = 21 dB and Beta = 1.0
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Figure 8 User Throughput and Cell throughput loss as a function of ACIR
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Figure 9 CIR distributions for the interfering system (Oper 0) and victim system (Oper 1) when ACIR = 30 dB

Case 5: PC Alpha = 16 dB and Beta = 1
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Figure 10 User Throughput and Cell throughput loss as a function of ACIR
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Figure 11 CIR distributions for the interfering system (Oper 0) and victim system (Oper 1) when ACIR = 30 dB

Case 6: Alpha = 24 dB and Beta = 0.8
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Figure 12 User Throughput and Cell throughput loss as a function of ACIR
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Figure 13 CIR distributions for the interfering system (Oper 0) and victim system (Oper 1) when ACIR = 30 dB

Case 7: PC Alpha = 21 dB and Beta = 0.8
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Figure 14 User Throughput and Cell throughput loss as a function of ACIR
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Figure 15 CIR distributions for the interfering system (Oper 0) and victim system (Oper 1) when ACIR = 30 dB

The summary of User Tput losses in all the LTE-LTE simulation cases is shown for ACIR = 30 dB and 35 dB in Table 2. With all the simulated UL PC parameter setting and thus for different throughput optimisation points throughput loss in case of ACIR = 30 dB and 35 dB is only marginal (max. 3.3 %). 
Table 2 Summary of User Tput losses in all the LTE – LTE simulation cases for ACIR = 30 dB and 35 dB
	Case
	PC parameter Alpha [dB]
	PC parameter Beta
	50%-tile User Tput loss for ACIR = 30 dB
	50%-tile User Tput loss for ACIR = 35 dB

	1
	70
	1.0
	0.8 %
	0.2 %

	2
	70
	0.5
	0.9 %
	0.6 %

	3
	35
	0.8
	2.0 %
	1.2 %

	4
	21
	1.0
	3.3 %
	1.1 %

	5
	16
	1.0
	3.3 %
	1.3 %

	6
	24
	0.8
	1.2 %
	0.6 %

	7
	21
	0.8
	1.4 %
	0.6 %


3. LTE-UTRA UL co-existence results
In this section we present 5 MHz LTE-UTRA UL co-existence simulation results, where 4 RBs per UE have been simulated. As already discussion in Section 1 not all UL PC parameters were fully agreed during the time that these simulations were performed. Therefore we have studied ACIR impact on victim system capacity with various different UL PC control parameter values proposed during the RAN4 LTE reflector discussions. The UL PC algorithm used in the simulations is the same that was discussed and agreed on the RAN4 LTE reflector during July and August. 

Table 3 presents simulation results for mean user and cell throughput figures with different UL PC control parameter values. The simulation cases 1-7 are listed in decreasing mean cell and user throughput order in the table. 
Table 3 Mean Cell Throughput and mean user throughput comparison for different UL PC parameter values
	Case
	PC parameter Alpha [dB]
	PC parameter Beta
	Mean Cell Throughput [kbps]
	Mean User Throughput [kbps]

	1
	70
	1.0
	3646
	1215

	2
	70
	0.5
	3414
	1138

	3
	35
	0.8
	2803
	935

	4
	21
	1.0
	2478
	826

	5
	16
	1.0
	2408
	803

	6
	24
	0.8
	2171
	724

	7
	21
	0.8
	1795
	599


Next we look at other statistics like UE Tx power distributions and ACIR impact on capacity in all these 7 cases. 
Case 1: PC Alpha = 70 dB and Beta = 1.0

In this case mean user and cell throughputs of the interfering system were 1215 kbps and 3646 kbps respectively.
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Figure 16 Case 1: UE Tx power distribution for ACIR = 40 dB
As already discussed in Section 2, where 10 MHz LTE-LTE simulation results were presented, this case is a rather special case as all UEs in the interfering E-UTRA system transmit at the maximum transmit power of 24 dBm (shown in Figure 16). Regardless of the maximum UE Tx power this case has only marginally the highest mean cell and user throughput of the simulated cases. The capacity loss of this Case 1 does not even vary much between ACIR 20 dB to 40 dB. The mean capacity loss varies only from  21.1 % to 15.5% for ACIR 20 dB to 40 dB. 
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Figure 17 Capacity loss as a function of ACIR
After looking at the very worst case (i.e. no UL PC control in use) next we study how sensitive capacity loss in the interfering system is to different UL PC parameter values. The capacity losses are shown in Figure 19, Figure 21, Figure 25, Figure 27 and Figure 29.  The results indicate that regardless of the actual operating point and throughput levels of the E-UTRA system capacity impact on the victim UTRA system remain quite moderate.
Case 2: PC Alpha = 70 dB and Beta = 0.5

In Case 2 the mean user and cell throughputs of the interfering system were 1138 kbps and 3414 kbps respectively.
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Figure 18 Case 2: Tx power distribution for ACIR = 30 dB
When comparing Case 1 and Case2 we can clearly see the importance of UL PC on the E-UTRA system performance and victim system performance. This case 2 has nearly equally high mean user throughput and cell through as the previous Case 1 but UE Tx powers are far below the maximum UE Tx power. Figure 19 presents capacity loss in the victim UTRA system. The mean capacity loss is 5.8% for ACIR = 30 dB and around 2.5% for ACIR = 35 dB, which is significantly less than in the previous case 1, where mean capacity loss did not even change much when changing from ACIR = 20 dB to ACIR 40 dB (only from 21.1% to 15.5%) 
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Figure 19 Capacity loss as function of ACIR
Case 3: PC Alpha = 35 dB Beta = 0.8

In Case 3 the mean user and cell throughputs of the interfering system were 935 kbps and 2803 kbps respectively.
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Figure 20 Case 4: Tx power distribution for ACIR = 30 dB

[image: image28.emf]Capacity Loss 

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%

6.00%

7.00%

8.00%

ACIR20 ACIR25 ACIR30 ACIR35 ACIR40 ACIR100

Loss [%]

5 Fractile

10

50

90

95

99


Figure 21 Capacity loss as a function of ACIR
Case 4: PC Alpha = 21 dB and Beta = 1.0

In Case 4 the mean user and cell throughputs of the interfering system were 1348 kbps and 4044 kbps respectively.
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Figure 22 Case 1: Tx power distribution for ACIR = 30 dB
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Figure 23 Capacity loss as a function of ACIR
Case 5: PC Alpha = 16 dB and Beta = 1

In Case 5 the mean user and cell throughputs of the interfering system were 803 kbps and 2408 kbps respectively.
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Figure 24 Case 5: Tx power distribution for ACIR = 30 dB
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Figure 25 Capacity loss as a function of ACIR
Case 6: Alpha = 24 dB and Beta = 0.8:
In Case 6 the mean user and cell throughputs of the interfering system were 724 kbps and 2171 kbps respectively.
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Figure 26 Case 6: Tx power distribution for ACIR = 30 dB
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Figure 27 Capacity loss as a function of ACIR
Case 7: PC Alpha = 21 dB and Beta = 0.8

In Case 7 the mean user and cell throughputs of the interfering system were 599 kbps and 1795 kbps respectively.
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Figure 28 Case 7: Tx power distribution for ACIR = 30 dB
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Figure 29 Capacity loss as a function of ACIR
The summary of capacity losses in the LTE-UTRA simulation cases is shown for ACIR = 30 dB and 35 dB in Table 4. From the summary we can see that the capacity loss is rather small for these ACIR values in all other cases except in Case 1 where no UL PC control is applied. This Case 1 is however quite extreme as all the LTE system UEs were transmitting at maximum power due to insufficient modeling of intra system (inter RB) interference. Having similar ACIR model for interference between the RBs as now used between the systems would limit the UE TX powers in the LTE system to lower level and hence would reduce the interference also to adjacent UTRA system.
Table 4 Summary of Capacity losses in all the LTE –UTRA simulation cases for ACIR = 30 dB and 35 dB
	Case
	PC parameter Alpha [dB]
	PC parameter Beta
	Mean Capacity loss for ACIR = 30 dB
	Mean Capacity loss for ACIR = 35 dB

	1
	70
	1.0
	20.3 %
	18.9%

	2
	70
	0.5
	5.8 %
	2.5%

	3
	35
	0.8
	1.0 %
	0.5 %

	4
	21
	1.0
	1.9 %
	0.8 %

	5
	16
	1.0
	0.8 %
	0.4 %

	6
	24
	0.8
	0.3 %
	0.3 %

	7
	21
	0.8
	0.3 %
	0.3 %


4. Conclusions

In this contribution we have presented UL co-existence simulation results for a 10 MHz LTE-LTE case, where 8 RBs were allocated per UE, and a 5 MHz LTE – UTRA case, where 4 RBs were allocated per UE. In the document we have also analysed the impact of different UL control parameters and corresponding CIR and UE Tx power distributions on the E-UTRA system performance and capacity or throughput loss in the victim system.

The simulation results and the findings of this contribution indicate that UL PC is an essential part of the E-UTRA system. However, capacity or throughput loss in the victim system is not highly dependent on the operating point of the interfering system as long as UL PC is used in the E-UTRA system and ACIR is in order of 30 dB.  The simulation results of this document confirm the findings of our analytical studies presented in [1], which concluded that co-existence of  5MHz LTE and UTRA FDD and 10MHz LTE and 10 MHz LTE are feasible.
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6. Simulation assumptions

HO Margin for cell attachment:  


A HO margin of 3 dB is proposed.

Allocated RB width per UE (n*375 kHz):

· For 5 MHz E-UTRA: 
4 * 375 kHz

· For 10 MHz E-UTRA: 
8 * 375 kHz

# of UEs / cell (sector) for the full buffer traffic model:


· exactly 3 for the 5 MHz E-UTRA option

· exactly 3 for the 10 E-UTRA MHz option

With the RR scheduler, the # of UEs / cell does not matter, as long each cell utilises all RBs. 

ACS modelling for E-UTRA BS UL victim:
“brickwall” RX filter with infinite ACS, i.e. it is assumed that the UE ACLR will dominate

ACLR modelling for 10 MHz E-UTRA UL aggressor, 10 MHz E-UTRA victim case: 
	ACLR 10 MHz E-UTRA UE -> 10 MHz E-UTRA BS, dBc/ 8*375 kHz

	
	Adjacent channel victim RB location (width 8*375 kHz)

	Adjacent channel aggressor RB location (width 8*375 kHz)
	1
 (adjacent to aggressor band edge)
	2
	3 
(far end from aggressor band edge)

	1 (adjacent to victim band edge)
	30 + x
	42 + x
	42 + x

	2
	42 + x
	42 + x
	42 + x

	3 (far end from victim band edge)
	42 + x
	42 + x
	42 + x

	Note 2:  x is an offset for simulations, x = -5, 0, 5, 10 dB (In addition to an offset = 70 dB has been simulated as a reference)


ACLR modeling for 5 MHz E-UTRA UL aggressor, UTRA victim case: 

	ACLR 5 MHz  E-UTRA UE -> UTRA FDD BS
	 
	 
	 

	Location of aggressing RB 

(width 4*375 kHz) 
	Adjacent to victim channel edge
	middle
	far end from victim channel edge

	ACLR dBc / 3.84 MHz
	30 + x
	42 + x
	42 + x

	x is an offset for simulations, x = -5, 0, 5, 10 dB (In addition to an offset = 70 dB has been simulated as a reference)


UL PC algorithm:

· SNR based UL PC as discussed on the RAN4 reflector and presented in [2]
· UL PC parameters are varied in the simulations
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Mean Capacity Loss


ACIR 20: 0.6%  ACIR 25: 0.4 %    ACIR 30: 0.3 %  ACIR 35: 0.3% ACIR 40: 0.3%





Mean Capacity Loss


ACIR 20: 21.1%  ACIR 25: 20.9 % ACIR 30: 20.3 % ACIR 35: 18.9%  ACIR 40: 15.5%








Mean Capacity Loss


ACIR 20: 16.5%


ACIR 25: 11.3 %
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Mean Capacity Loss


ACIR 20: 0.9%   ACIR 25: 0.5 % ACIR 30: 0.3 %


ACIR 35: 0.3%   ACIR 40: 0.3%





Mean Capacity Loss


ACIR 20: 4.7%


ACIR 25: 1.9 %


ACIR 30: 0.8 %


ACIR 35: 0.4%


ACIR 40: 0.3%








Mean Capacity Loss


ACIR 20: 9.9%


ACIR 25: 4.7 %


ACIR 30: 1.9 %


ACIR 35: 0.8%


ACIR 40: 0.4%
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ACIR 20: 5.9%


ACIR 25: 2.5 %


ACIR 30: 1.0 %


ACIR 35: 0.5%


ACIR 40: 0.3%








All UEs in the interfering LTE system transmit with the max power
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