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1.  Introduction
Carrier aggregation will be a major feature in Rel-10, and RAN1, RAN2 and RAN4 have been discussing the necessary features and requirements to support carrier aggregation. In RAN2 the need for e.g., multiple timing advance and measurements per component carrier are being discussed. To make decisions on such functionalities, envisaging realistic deployment scenarios is very important. This paper presents potential deployment scenarios for carrier aggregation from an operator’s perspective.
2. Discussion
One of the important aspects to consider is that carrier aggregation should allow aggregation of not only the existing bands, but also bands that are introduced in future, e.g., 3.5 GHz band, etc. While existing bands already have certain deployments, new deployments can be considered for new bands that are introduced. Since introduction of new bands is done in a release independent fashion, considerations for such future bands are essential already in Rel-10. When higher frequencies such as 3.5 GHz are considered, path loss can be significant (e.g., 4-10 dB difference in link budget) when compared to 2 GHz. Hence, the most efficient deployment may not be to stick with the traditional macro-overlaying approach. Carrier aggregation should allow more flexible use of such new bands, since coverage and mobility can be ascertained by the existing band deployments, e.g., 2 GHz.
Table 1 shows some of the potential deployment scenarios for carrier aggregation. Note that the scenarios listed are non-exhaustive. For example, other scenarios using repeaters and femto cells may be considered.
Table 1  Carrier aggregation deployment scenarios (F2 > F1).
	#
	Description
	Example

	1
	· F1 and F2 cells are co-located and overlaid, providing nearly the same coverage.
· Both layers provide sufficient coverage and mobility can be supported on both layers.

· Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc.

· It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	· F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss.

· Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage.
· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.
· It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	· F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased.
· F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage.

· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.
· It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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	4
	· F1 provides macro coverage and on F2 RREs are used to provide throughput at hot spots.
· Mobility is performed based on F1 coverage.

· Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc.
· It is expected that F2 RRE cells can be aggregated with the underlying F1 macro cells.
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The most efficient deployment depends on various factors, e.g., whether the area in consideration is urban, suburban or rural, whether common antennas can be used for the frequency bands in consideration, whether there are certain hot spots in the area, etc. A likely scenario is that one of the legacy frequency bands, e.g., 2 GHz, will provide sufficient coverage, and new frequency bands like 3.5 GHz are used in a more flexible manner. Hence, from an operator’s perspective, all of the above scenarios are viable. In some cases, hybrid deployments can even be considered. Therefore, carrier aggregation should allow for such flexible use of frequencies, depending on operator’s needs.
Although scenarios #1 and #2 are more likely for aggregation between legacy frequency bands, other deployments should not be ruled out for inter-band aggregation. Moreover, for new frequency bands that might be allocated in future, more flexible deployments can be considered, even for intra-band aggregation.
From these scenarios, the following conclusions can be drawn:

· Multiple timing advance mechanism is necessary, at least for component carriers of different bands.

· Measurements and reporting need to be performed per component carrier (at least per band).

3. Conclusions
Potential deployment scenarios for carrier aggregation were presented. Since new frequency bands are introduced in a release independent fashion, envisioning deployments of such new bands that might be introduced in future is essential already in Rel-10, in designing control for carrier aggregation. From an operator’s perspective, one of the likely scenarios is that a legacy frequency band, e.g., 2 GHz, provides sufficient coverage across the service area, and new bands like 3.5 GHz are used in a more flexible manner, i.e., to serve traffic in the most cost-effective manner. Carrier aggregation in Rel-10 should allow for such flexible deployments of frequencies, depending on operator’s needs.
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