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1. Introduction
LTE-A envisages deployment scenarios with multiple Rel-8 carrier aggregation as a mean to increase the system BW.  At the 3GPP RAN#50 meeting in Athens, a limited set of LTE-A multi-carrier deployment scenarios was identified in ‎[1] for initial RAN4 studies to assess potential impacts on the performance of LTE networks due to the interference caused by LTE-Advanced (LTE-A) networks operating in adjacent carriers. DL and UL deployment scenarios, both contiguous and non-contiguous carrier aggregation for FDD and TDD modes, are covered in ‎[1]. 
This contribution presents results of studies conducted to evaluate potential coexistence issues between LTE and LTE-A in DL and UL. General assumptions, methodology and metrics for simulations follow the Technical Report in ‎[2], which was agreed by RAN4 for LTE coexistence studies. However, some modifications are made in accordance with the scenarios considered and the guidelines introduced in ‎[3], as will be described below.
2. Deployment scenario
An uncoordinated two-operator FDD deployment scenario is studied in this contribution. The scenario consists of a victim LTE system and an aggressor LTE-A system. LTE is a 10-MHz system which operates adjacent to an LTE-A system with contiguous 2x20 MHz CC’s. In other words,  50 MHz contiguous spectrum is considered in this scenario, where 10 MHz is used by an operator deploying LTE and 40 MHz is used by another operator deploying LTE-A. An urban macro environment is investigated.
For DL, the scenario considered is the configuration defined in Deployment Scenario #11 of ‎[1] for 2.6 GHz (Band 7). For UL, it is the configuration defined in Deployment Scenario #1 of ‎[1], however 2.6 GHz (Band 7) is selected here as the operating band in contrast to 3.5 GHz suggested in ‎[1]. The reason for this selection is the goal to investigate an urban macro scenario similar to the one used in ‎[2] for LTE to LTE coexistence studies and the fact that 2.6GHz is much more appropriate for this deployment scenario compared to 3.5 GHz.
The worst case shift between the sites of the two operators is considered (see Fig 4.3 in ‎[2]). The distance between the adjacent sites of the two operators (inter-site distance) is assumed to be 400 m which differs from 750 m (equivalent to 500 m cell range) used in ‎[2]. The basis for this assumption is the inter-site distance 500 m defined in ‎[3] for the test environment “base coverage urban” in 2.0 GHz. Translating this distance into 2.6 GHz according to the propagation model of ‎[2] will result in an inter-site distance in the order of 400 m which is applied in this contribution. However the results on the relative throughput loss shouldn’t be sensitive to this quantity, due to the fact that the considered scenario represents an interference-limited environment.
3. Assumptions and Methodology
3.1. General assumptions
General assumptions of ‎[2] (Section 4) for macro urban deployment in the 2 GHz band are used in this study besides two parameters which are selected differently. The first one is the operating frequency band which is assumed to be 2.6 GHz instead of 2.0 GHz used for LTE to LTE coexistence studies. The second parameter is the resource block (RB) size which is adapted to the figure defined in the LTE physical layer specifications, i.e. 180 kHz instead of 375 kHz. However, the number of RBs per UE in DL and UL is accordingly adjusted (more precisely doubled) in order that the total amount of spectrum allocated to UEs is comparable to that assumed in ‎[2]. Although the latter modification will have no impact on the results and conclusions, but it has been performed here for compliance with the LTE physical layer specifications. Like LTE to LTE coexistence studies, the aggressor and victim systems are fully loaded.
3.2. Methodology
For the victim system, this study follow the methodology described in Section 5 of ‎[2] for LTE to LTE case. In each snapshot, 3 active UEs are scheduled for the victim system in UL according to Subsection 5.1.1.2 of ‎[2], i.e. 16 RBs each 180 kHz per UE. In line with Subsection 5.1.1.2, 25 active UEs are scheduled for the victim system in DL, i.e. two RBs each 180 kHz per UE.
For the aggressor system there is an exception regarding the number of RBs scheduled for UEs in DL. Following Subsection 5.1.1.2 would have resulted in 100 active UEs in DL for the LTE-A system. For the sake of reducing the simulation time, 8 RBs are scheduled for each active UE in the LTE-A system DL resulting in totally 25 active UEs per snapshot. Given that for DL a common ACIR shall be used for all RBs to calculate the inter-system interference (Section 5.1.1.3 of ‎[2]), the modification introduced here shouldn’t have any impact on the results and conclusions respecting DL. Two different schemes are used for UL resource allocation in the LTE-A system. Whereas in the first scheme 3 active UEs (66 RBs per UE) are scheduled in line with Subsection 5.1.1.2 of ‎[2], 6 active UEs are scheduled (33 RBs per UE) in the second scheme. The resource allocation to and the ACLR modeling for the aggressor UEs are summarized in Table 1. Furthermore, the ACLR model for the first case is shown in Figure 1.
Table 1:  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
	66 RB (66 × 180 kHz)
	30 + X (less than 66 RBs away)
	43 + X (more than 66 RBs away)

	40 MHz
	200
	33 RB (33 × 180 kHz)
	30 + X (less than 33 RBs away)
	43 + X (more than 33 RBs away)

	X serves as the step size for simulations, X = … -10, -5, 0, 5, 10… dB
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Figure 1: ACLR model for 2x20MHz LTE-A interferer and 10MHz LTE victim
The UL power control follows the model presented in Subsection 5.1.1.6 of ‎[2]. The parameter γ = 1 is selected from Set 1 and PLx-ile = 99 dB is calculated based on the scenario assumptions. In the case with 6 aggressor UEs, the transmit power resulting from this model is used in the simulations, irrespective of the reduced frequency resources allocated to the aggressor UEs. The number of snapshots is chosen to be 1000 in order to obtain sufficient statistical accuracy for the results.
4. Simulation Results
4.1. Downlink
Simulations are performed for a range of ACIR values. The results for average throughput loss of 10 MHz LTE downlink are presented in Table 2 and Figure 2. For comparison, corresponding results for LTE to LTE deployment scenario from ‎[2] are presented below, which are an average of results submitted to RAN4 by several companies.
Table 2:  Average throughput loss of LTE downlink
	ACIR (dB)
	LTE-A to LTE
	LTE to LTE (Average from ‎[2])

	25
	5.6 %
	3.32 %

	30
	2.5 %
	1.49 %

	35
	1.2 %
	0.59 %

	40
	0.4 %
	0.23 %

	45
	0.2 %
	0.09 %
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Figure 2: Average throughput loss of LTE downlink
The results for 5% CDF throughput loss of 10 MHz LTE downlink are presented in Table 3 and Figure 3. For comparison, corresponding results for LTE to LTE deployment scenario from ‎[2] are presented below, which are an average of results submitted to RAN4 by several companies
Table 3:  5% CDF throughput loss of LTE downlink
	ACIR (dB)
	LTE-A to LTE
	LTE to LTE (Average from ‎[2])

	25
	18.6 %
	14.23 %

	30
	7.7 %
	6.26 %

	35
	3.3 %
	2.62 %

	40
	1.2 %
	1.12 %

	45
	0.5 %
	0.34 %
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Figure 3: 5% CDF throughput loss of LTE downlink
4.2. Uplink

Simulations are performed for a range of ACIR offset (X) values. The results for average throughput loss of 10 MHz LTE uplink are presented in Table 4 and Figure 4. The results for 5% CDF throughput loss of 10 MHz LTE uplink are presented in Table 5 and Figure 5. For comparison, corresponding results for LTE to LTE deployment scenario from ‎[2] are presented below, which are an average of results submitted to RAN4 by several companies.
Table 4:  Average throughput loss of LTE uplink
	ACIR shift (dB)
	3 UEs
	6 UEs
	LTE to LTE (Average from ‎[2])

	-10
	11.30 %
	19.32 %
	9.99 %

	-5
	5.43 %
	9.06 %
	4.89 % 

	0
	2.31 %
	3.81 %
	2.17 %

	5
	0.87 %
	1.45 %
	0.89 %

	10
	0.3 %
	0.46 %
	0.34 %
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Figure 4: Average throughput loss of LTE uplink
Table 5:  5% CDF throughput loss of LTE uplink
	ACIR shift (dB)
	3 UEs
	6 UEs
	LTE to LTE (Average from ‎[2])

	-10
	17.54 %
	23.36 %
	18.04 %

	-5
	5.65 %
	8.56 %
	6.20 %

	0
	1.06 %
	2.04 %
	1.87 %

	5
	0.31 %
	0.59 %
	0.58 %

	10
	0.10 %
	0.22 %
	0.19 %
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Figure 5: 5% CDF throughput loss of LTE uplink
5. Discussions and Conclusion

This contribution presents results of studies conducted to evaluate potential coexistence issues between LTE and LTE-A. An urban FDD macro deployment scenario in the 2.6 GHz band is investigated which consists of a victim 10 MHz LTE system and an aggressor LTE-A system with contiguous 2x20 MHz CC’s operating in adjacent channels. DL is the configuration defined in Deployment Scenario #11 of ‎[1] and UL is the configuration defined in Deployment Scenario #11 of ‎[1]. Simulation results for average LTE downlink throughput loss and 5% CDF LTE throughput loss are presented. 
A comparison of DL results with corresponding results from ‎[2], which are averaged over results submitted to RAN4 by several companies, demonstrates that there is no considerable difference between the coexistence performance of LTE-A / LTE deployment scenario and that of LTE / LTE deployment scenario for ACIR figures of interest. 
For UL, a similar conclusion can be drawn for the case with 3 aggressor UEs in the LTE-A network. The throughput loss (average and 5% CDF) are pretty in line with the average figures (last column) reported in Tables 7.3c and 7.3e of ‎[2]. In the case with 6 aggressor UEs in the LTE-A network, the throughput loss is higher. This effect could be expected, because the transmit power resulting from the power control algorithm was used in the simulations without taking into account the reduced frequency resource allocated to the aggressor UEs. If the amount of throughput performance degradation is not deemed to be acceptable, additional measures would be required to achieve the envisaged performance.
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