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1. Introduction
At the 3GPP RAN#52 meeting, contribution ‎[1] presented results of coexistence studies for an urban macro (UMa) deployment scenario consisting of an aggressor LTE-Advanced (LTE-A) system and a victim LTE system, operating in the same geographical area in adjacent channels. The LTE-A system used a 40 MHz channel bandwidth by aggregating 2 LTE Rel-8 20 MHz contiguous component carriers (CCs). Results were presented for downlink (DL) and uplink (UL). The study was based on methodologies and metrics defined in the Technical Report (TR) 36.942 ‎[2] developed for LTE coexistence studies. Also, the assumptions and parameters were selected from this TR, besides the inter-site distance which was taken from the ITU-R guidelines for the evaluation of radio interface technologies (RIT) suggested for IMT-A ‎[3].
This contribution presents DL coexistence results for two deployment scenarios. The first scenario is a UMa environment studied in ‎[1] and the second one is an urban micro (UMi) deployment scenario. The assumptions and parameters for both scenarios are according to the ITU-R guidelines ‎[3]. Because these guidelines don’t define any methodology or metric for the evaluation of coexistence between IMT-A candidate RITs and other technologies, the same methodologies and metrics used in ‎[1] (as defined in ‎[2]) are applied in studies presented in this contribution.
2. Deployment scenario
The UMa and UMi scenarios defined in ‎[3] are considered in ‎[4] for initial RAN4 studies to assess the impact of an LTE-A network operation on the performance of an LTE network in the case the networks use adjacent carriers. The configuration defined in Deployment Scenario #11 of ‎[4] in the 2.6 GHz band (Band 7) is considered for DL. The detailed description of scenarios considered can be found in Section 2 of ‎[1] and will not be repeated here.
3. Assumptions and Methodology
3.1. General assumptions
The assumptions and parameters of the ITU-R guidelines in ‎[3] for UMa and UMi test environments are used in this study. For assumptions missing in ‎[3] or those specific to LTE and LTE-A (e.g. the number and size of resource blocks) ‎[2] is used. As pointed out in ‎[1], 180 kHz is used as the resource block (RB) size to be compliant with the LTE physical layer specifications. Accordingly, the number of RBs per UE in DL is doubled in order that the total amount of spectrum allocated to UEs is comparable to what assumed in ‎[2]. The assumptions are summarized in Section A.1 of the Annex.
3.2. Methodology
The methodology described in Section 3.2 of ‎[1] is applied. It is presented in Section A.2 of the Annex for the convenience of the readers.
4. Simulation Results
4.1. UMa deployment scenario
Simulations are performed for a range of ACIR values and two different values for the maximum transmit power of the LTE-A BS; 49 dBm as suggested by ‎[3] for 20 MHz bandwidth and 46 dBm. For LTE, the maximum BS transmit power is assumed to be 46 dBm as suggested by ‎[3] for 10 MHz bandwidth (in contrast to 43 dBm used in ‎[1]). The results for average throughput loss of 10 MHz LTE downlink are presented in Table 1 and Figure 1. For comparison, the corresponding results for LTE-A to LTE deployment scenario from ‎[1] and those for LTE to LTE deployment scenario from ‎[2] are presented below. The latter ones are an average of results submitted to RAN4 by several companies.
Table 1:  Average throughput loss of LTE downlink (UMa deployment)
	ACIR (dB)
	LTE-A to LTE: ITU-R path loss model / max BS Tx Power =
	LTE-A to LTE (from R4-093165)
	LTE to LTE (Average from ‎[2])

	
	49 dBm 
	46 dBm
	
	

	25
	12.0%
	8.8%
	5.6 %
	3.32 %

	30
	7.0%
	4.8%
	2.5 %
	1.49 %

	35
	3.6%
	2.2%
	1.2 %
	0.59 %

	40
	1.7%
	1.0%
	0.4 %
	0.23 %

	45
	0.7%
	0.5%
	0.2 %
	0.09 %
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Figure 1: Average throughput loss of LTE downlink (UMa deployment)
The results for 5% CDF throughput loss of 10 MHz LTE downlink are presented in Table 2 and Figure 2. For comparison, the corresponding results for LTE-A to LTE deployment scenario from ‎[1] and those for LTE to LTE deployment scenario from ‎[2] are presented below. The latter ones are an average of results submitted to RAN4 by several companies.
Table 2:  5% CDF throughput loss of LTE downlink (UMa deployment)
	ACIR (dB)
	LTE-A to LTE: ITU-R path-loss model / max_BS_Tx_Power =
	LTE-A to LTE (from R4-093165)
	LTE to LTE (Average from ‎[2])

	
	49 dBm 
	46 dBm
	
	

	25
	58.0%
	40.0%
	18.6 %
	14.23 %

	30
	31.0%
	20.0%
	7.7 %
	6.26 %

	35
	15.2%
	9.6%
	3.3 %
	2.62 %

	40
	7.9%
	5.5%
	1.2 %
	1.12 %

	45
	4.8%
	4.2%
	0.5 %
	0.34 %


[image: image2.wmf]
Figure 2: 5% CDF throughput loss of LTE downlink (UMa deployment)
4.2. UMi deployment scenario
Simulations are performed for a range of ACIR values and two different values for the maximum transmit power of LTE-A BS; 44 dBm as suggested by ‎[3] for 20 MHz bandwidth UMi and 41 dBm. For LTE, the maximum BS transmit power is assumed to be 41 dBm as suggested by ‎[3] for 10 MHz bandwidth UMi. The results for average throughput loss of 10 MHz LTE downlink are presented in Table 3 and Figure 3.

Table 3:  Average throughput loss of LTE downlink (UMi deployment)
	ACIR (dB)
	LTE-A to LTE: ITU-R path loss model / max BS Tx Power =

	
	44 dBm 
	41 dBm

	25
	13.1%
	9.9%

	30
	8.0%
	5.9%

	35
	4.5%
	3.1%

	40
	2.3%
	1.5%

	45
	1.0%
	0.6%
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Figure 3: Average throughput loss of LTE uplink (UMi deployment)
The results for 5% CDF throughput loss of 10 MHz LTE downlink are presented in Table 4 and Figure 4.
Table 4:  5% CDF throughput loss of LTE downlink (UMi deployment)
	ACIR (dB)
	LTE-A to LTE: ITU-R path-loss model / max_BS_Tx_Power =

	
	44 dBm 
	41 dBm

	25
	100 %
	60.2%

	30
	48.2%
	32.4%

	35
	24.2%
	15.3%

	40
	10.9%
	6.7%

	45
	4.6%
	2.7%
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Figure 4: 5% CDF throughput loss of LTE uplink (UMi deployment)
5. Discussions and Conclusion

This contribution presents results of studies conducted to evaluate potential coexistence issues between LTE and LTE-A. The ITU-R guidelines for the evaluation of candidate radio interface technologies suggested for IMT-A are used. FDD urban macro and urban micro test environments in the 2.6 GHz band are investigated consisting of a victim 10 MHz LTE system and an aggressor LTE-A system with contiguous 2x20 MHz CC’s operating in adjacent channels. The DL configuration studied is defined in Deployment Scenario #11 of ‎[4]. Downlink simulation results for average LTE throughput loss and 5% CDF LTE throughput loss are presented.
As a general observation for the scenarios studied, the performance degradation of the victim LTE in DL is larger with the ITU-R assumptions compared to that with the 3GPP TR 36.942 assumptions. The main reason for this phenomenon is the different path-loss models applied by ITU-R guidelines and by TR 39.942. In the model suggested by ITU-R guidelines, all mobile stations are located outdoors in vehicle, however there are LoS and NLoS conditions with a LoS probability which is a function of distance. This will result in situations where a victim UE is in NLoS condition to the serving cell in its own network while in LoS condition to the aggressor system
. 

The LOS probability function specified by ITU-R M.1235 for different path loss models is shown in Figure 5. This LOS component in channel model leads to substantially smaller path loss when a UE is closed to a base station. As a result, the coupling loss difference between the serving cell (LTE) and the interfering cell (LTE-A) has a much larger spread compared to NLOS models. In Figure 6, it is shown that the distribution of coupling loss difference of UMa and UMi is more than 10 dB wider at 90% point compared to the distribution of the model used in TR 36.942. When the LOS component in the path loss model for UMa is turned off, the distribution of coupling loss difference is shown to be on top of the distribution of the model used in TR 36.942. Since the coupling loss difference between the serving and interfering links directly impacts the required ACIR protection, the co-existence results are expected to be sensitive to channel modelling.
[image: image5.emf]
Figure 5 LOS probability of IMT-advanced channel models
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Figure 6 Coupling loss difference between serving and dominant interfering link
For DL UMa, the average LTE throughput (not reported in this contribution) achieved based on the ITU-R assumptions is much larger compared to that achieved based on the 3GPP TR 36.942 assumptions. However, the relative average throughput degradation of LTE for a given ACIR (dictated by the ACS of the UE) is higher for the ITU-R assumptions compared to TR 36.942 assumptions. E.g. the average LTE throughput loss for ACIR = 30 dB is 2.5% for the scenario studied in ‎[1] (see 4th column of Table 1). To achieve the same degradation for the UMa scenario considered here (for maximum transmit power of LTE-A BS = 46 dBm), the ACIR should be in the order of 34.4 dB, applying a linear interpolation. To achieve the same degradation for maximum transmit power of LTE-A BS = 49 dBm, the ACIR needs to be even higher, i.e. in the order of 37.9 dB. For DL UMi, a similar tendency can be observed regarding the relative average throughput degradation of LTE. In this case about 1.5 dB excess ACIR compared to UMa DL is required to achieve 2.5% average LTE throughput loss.
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Annex: Assumptions and Methodology
A.1: 
Assumptions

The simulation carried out for the following scenarios in the 2.6 GHz band:
1) UMa test environment downlink: 2x20MHz LTE-A (aggressor system) to 10MHz LTE (victim system)
2) UMi test environment downlink: 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 DL
	Parameter
	Assumption

	
	

	Environment
	Macro Cell, Urban Area, uncoordinated deployment
Micro Cell, Urban Area, uncoordinated deployment

	Simulation type
	Snapshot

	Number of snapshots
	1000

	Carrier frequency
	2500 MHz

	System bandwidth
	2x20 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
	UMa: 400m (in accordance with M.2135, 500 m shall be used for UMa in 2.0 GHz which is translated here into 2.6 GHz)
UMi: 200m in accordance with M.2135

	Traffic model
	Full buffer

	Pathloss model
	UMa in M.2135
UMi in M.2135

	White noise power density
	-174 dBm/Hz

	Scheduling algorithm
	 Round Robin

	HO margin
	3dB

	Resource Block (RB) size
	180kHz, total: 50 RBs for 10 MHz / 200 RBs for 40 MHz

	3D BS antenna pattern
	Section 8.5 in M.2135

	BS antenna gain
	17 dBi

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

	
	

	LTE RB number per each of active UE
	2 (totally 25 active UEs)

	LTE-A RB number per each active UE
	8 (totally 25 active UEs)

	Noise Figure
	9 dB

	LTE BS max Tx power
	UMa: 46 dBm ( in accordance with M.2135)
UMi: 41 dBm ( in accordance with M.2135)

	LTE-A BS max Tx power
	UMa: 49 dBm ( in accordance with M.2135) or 46 dBm (similar to LTE)
UMi: 44 dBm ( in accordance with M.2135) or 41 dBm (similar to LTE)


A.2:
Methodology

For the victim system, this study follows the methodology described in Section 5 of ‎[2] for LTE to LTE case. In line with Subsection 5.1.1.2, 25 active UEs are scheduled in each snapshot 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. The number of snapshots is chosen to be 1000 in order to obtain sufficient statistical accuracy for the results.






















































































































































� Please note that in the own network the LoS and NLoS conditions don’t play a big role, because a BS with LoS condition to a UE will be most likely selected as the serving cell. 
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