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1. Introduction
Coexistence studies have been conducted to evaluate potential issues for LTE systems in the presence of adjacent‑band LTE‑Advanced (LTE‑A) systems.  Using methods and criteria agreed for coexistence studies for LTE, as well as relevant prior results, these studies were performed in order to highlight potential coexistence issues and any notable limitations in simulation criteria.

2. Summary of deployment scenarios with contiguous aggregation

During the 3GPP RAN4#50 meeting, potentially‑feasible scenarios of aggregated carriers for LTE‑A were presented [1].  Also at this meeting, four types of deployment scenarios were highlighted according to permutations of duplexing (FDD or TDD) and component carrier aggregation (contiguous and non‑contiguous).  In particular, preferred scenarios for each of these permutations were identified from the wider set of potentially‑feasible scenarios [2].  This document presents discussion about coexistence performance and issues for two of these four scenarios, those utilizing contiguous aggregation, as shown in Table 1.

Table 1.  LTE‑A contiguous deployment scenarios from 3GPP RAN4#50
	Duplexing
	Aggregation scenario

	FDD
	3.5 GHz;

4x20 MHz total downlink spectrum, 2x20 MHz total uplink spectrum (scenario #1)

	TDD
	2.3 GHz (Band 40);

5x20 MHz total spectrum

(scenario #2)


3. Summary of simulation assumptions
Much of the methodology agreed in prior meetings for performing coexistence studies has been followed for evaluating LTE‑A.  A partial set of relevant technical documents representing methods and criteria for these studies includes [3] [4] [5] [6] [7] [8] [9].  Some of the key assumptions include a studying a 10 MHz bandwidth LTE system as the “victim”, worst‑case cellular site deployment (uncoordinated location), three sectors per cell with a 19‑cell hexagonal grid, three mobile units per sector (one‑third of all RBs distributed equally to each UE), static channel conditions (no fading, only lognormal standard deviation), and non‑line‑of‑sight propagation.  While multiple options are available to several of these assumptions, for analytic simplification certain parametric were chosen to represent typical operating conditions, such as lognormal standard deviation of 8 dB (4 dB for the environment of 3.5 GHz).
A typical portrayal of a multiple‑component‑carrier LTE‑A system adjacent to the LTE system is shown in Figure 1.  In this particular example, four 20 MHz components are aggregated into one 80 MHz aggressor.  Guard bands between the components; it is for further study about the minimum sizes of the inter‑component guard bands as well as the low and high end “macro” guard bands.
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Figure 1.
4x20 MHz LTE‑A system adjacent to victim LTE system.
The major variable in the coexistence studies across which performance is measured is the adjacent channel interference radio (ACIR), which is defined as the ratio of the transmission power to the power measured after a receiver filter in the adjacent channels.  ACIR is a function of adjacent channel leakage ratio (ACLR) values between the two systems, or adjacent channel selectivity (ACS) alternately as appropriate, as described in [11].  ACLR is the ratio of the transmission power centered on the assigned channel frequency to the power measured after a receiver filter centered on an adjacent channel frequency.  ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel.  Using these parameters, ACIR can be calculated according to the following formula.
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The two‑step model of ACLR values between the two systems is utilized here: 30+X dB ACLR when RBs are adjacent to band‑edge, 43+X dB ACLR when RBs are non‑adjacent RBs to band‑edge).  As concluded in [4], only two values of ACLR are required to adequately model interference both at the band‑edge and beyond a defined amount of frequency from the band‑edge.  For the downlink, a ACS value of 33 dB is utilized.
4. Wideband channel modelling

One key migration from earlier coexistence studies is the application of channel models as recommended in [10].  Besides applying general environmental labels for appropriate frequency bands, these models incorporate parameters agreed for wideband signals and higher‑frequency carriers.  At the abstract system level, a similar distance‑based pathloss‑only model for signal degradation (including a lognormal variance) to the prior studies is applicable, though these parameters have changed slightly.  Anecdotally, it is noted that for the same frequency band, insignificant difference has been observed in performance when utilizing either the prior 3GPP channel modelling parameters [11] [12] or the new models, confirming consistency.  For consistency and for applicability for different frequencies and channel environments, the newer wideband‑based channel modelling techniques of [10] are used.
Additionally, a collection of link budget values being discussed and completed by peer 3GPP drafting groups has resulted in updates to several other equipment parameters (such as noise figure and antenna gain), providing welcome adjustments to values used for prior system studies.

The 3.5 GHz deployment specifically utilizes an “indoor hotspot” channel environment, involving lower‑height antennas, lower‑power transmitters, smaller coverage sites, and a correspondingly different pathloss model as recommended in [10].
5. Applicability of prior coexistence studies
As discussed previously [13], the aggregation of spectrum bands as shown in Table 1 presents a potential significant increase in data rate, subject to the feasibility of the aggregation.  If the individual spectrum bands meet implementation criteria according to the existing LTE specification, few issues may exist which would prevent the intended aggregation, but these issues may involve alteration of the current specification due to large bandwidths.

For the contiguous scenarios cited in Table 1, 20 MHz components are being aggregated at carrier frequencies for both FDD and TDD cases.  For these individual spectrum bands, prior studies already can confirm coexistence, especially around 2 GHz.  In particular, successful LTE‑LTE downlink coexistence was concluded in [3], while uplink LTE‑LTE coexistence was concluded in [6], [8] and [9].  Assuming the same basic frequency structure and numerology of a single 20 MHz component carrier for LTE‑A as LTE, these prior studies should conclude comparable successful coexistence between an LTE‑A system and an adjacent LTE victim.

Adjacent band coexistence also needs to be studied along with device‑to‑device (i.e., same‑band) coexistence to verify successful LTE‑A deployments in existing LTE bands, as this could be a more difficult and critical case to satisfy.
6. Newly‑conducted coexistence studies

For the 3.5 GHz band, this document presents data for both 2x20 MHz (uplink) and 4x20 MHz (downlink) aggregation, along with data for 5x20 MHz aggregation at 2.3 GHz.
a. Uplink
Figure 2 shows the average throughput loss incurred across the three frequency band / bandwidth combinations studied.  Similarly, Figure 3 the throughput loss at the 5% point of the cumulative distribution of throughput values of the base stations, a tail‑analysis technique of prior studies.
For the all areas of ACIR for both metrics, the throughput loss does not exceed 5% for all the frequency and bandwidth combinations.  This indicates that LTE‑A to adjacent‑LTE coexistence is feasible.  Especially for the 5x20 MHz aggregation case of 2.3 GHz, the tolerance to loss is quite good for an adjacent victim system.
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Figure 2.
Uplink average throughput loss performance for LTE system with adjacent LTE‑A system.
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Figure 3.
Uplink throughput loss performance at 5% cumulative distribution point for LTE system with adjacent LTE‑A system.

b. Downlink

For the downlink version of the coexistence simulation, the average throughput loss results are presented in Figure 4, while loss values for the 5% point of the distribution tail are shown in Figure 5.  The average throughput results indicate that coexistence could be feasible for an adjacent LTE‑A aggressor, as although the loss never reaches below 5%, the tendency toward this threshold is approached closely in the ACIR range of interest.

The 5% tail results indicate a much greater loss than for the comparable uplink study, and these indicate that the losses are not within specification for any ACIR.
As these studies have been designed to conduct worst‑case site location and relatively‑high lognormal variations, it could be anticipated that the outlier points of the distribution would fall out of specification, but is may also be the case that out‑of‑band emissions, a topic of current study for LTE‑A, or ACLR values, may need to be redefined for the case of aggregation of multiple component carriers.  Additional study and discussion is required on these results to ameliorate potential non‑feasibility of coexistence for the LTE‑A downlink.

7. Conclusion

The uplink results for two different contiguous aggregation methods for LTE‑A have been shown to be feasible for coexistence with a 10 MHz LTE system.  The corresponding downlink results do not exhibit current coexistence, however, and additional out‑of‑band emissions and parameter settings should be considered.
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Figure 4.
Downlink average throughput loss performance for LTE system with adjacent LTE‑A system.
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Figure 5.
Downlink throughput loss performance at 5% cumulative distribution point for LTE system with adjacent LTE‑A system.
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