TSG-RAN Working Group 4 (Radio) meeting #AH01 
 R4-100112
Sofia Antipolis, France, 18th – 22nd January 2010


Source:
Ericsson, ST-Ericsson
Title:
Implementation issues for combining multiple carriers
Agenda item:
1.3.1
Document for:
Discussion
Introduction
This paper discusses some of the implementation aspects of using N contiguous carriers in LTE Advanced. The current state of the art does not allow for cost effective solutions for generating N carriers each 20 MHz wide while maintaining the power spectral density of current transmitters for macro scenarios. The logical consequence of this is that the signals from N power amplifiers need to be combined to generate the carriers to fill a spectrum allocation of N x 20 MHz.

The exact bandwidth of each component carrier and their exact placement has already been extensively discussed in RAN4. However this is not the focus of this paper and the reasoning used here should be applicable to all the discussed scenarios.
Combining implementations 
There are three different ways the signals can be combined and each of these has their specific characteristic and implication:

1. Hybrid combiner
With this approach the component carriers can be placed adjacent to each other and the combiner is has a reasonably wide passband which means that it can cover the whole operating band of the BS. The big drawback is that the power lost in the combiner: 10logN plus some resistive losses.
2. Filter combiner

Using this approach most of the power reach the antenna. The drawback with this approach is that there needs to be some space between the carriers to allow for a certain roll-off of the filters. Since the filters are tuned to a specific carrier frequency there is a need to retune the combiner if switching carrier frequency. Our initial simulations show that for a 2 MHz space between carriers the insertion loss in the filter is on the order of 2-3 dB.
3. Air combining

Here the signals from each PA are sent to a separate antenna. With this approach there is no need for spacing between the carriers. The main drawback with this approach is the need for separate antennas, feeders and so on.

The characteristics of the different combining methods are summarized in Table 1:

Table 1: Comparison of different combiner approaches

	
	Hybrid combiner
	Filter combiner
	Air combining

	Combiner losses
	10logN dB
	Some
	0

	Space required between carriers?
	No
	Yes
	No

	Number of antennas
	1
	1
	N

	Combiner needs to be tuned to exact carrier frequency?
	No
	Yes
	No


Discussion

In the specific scenario we are considering here air combining will effectively increase the number of antennas required in a site by a factor of N. For example for a three sector site using 4 antennas for MIMO that means an additional (N-1)*12 antennas.

However when using air combining there is a possibility to use some extra RBs in the carriers. The topic has been extensively discussed and there is still no conclusion on exactly how that should be done. However the efficiency increase is on the order of 3-8%.

Another way to view the trade off is that the extra antennas in the site can either be used for squeezing the component carriers together to achieve better spectrum utilization or the extra antennas can be used enable 8-way MIMO instead.
This may seem like an obvious advantage for the filter combiner approach, but there are other aspects that need to be considered as well. To increase to 8-way MIMO requires doubling of the number of transmitters. This approach also introduces combiners, which have certain losses.

Another problem is that the filter combiner needs to be tuned to the specific carrier frequencies used. Thus some extra consideration is needed when changing carrier frequencies.

Summary
In this paper we have discussed different possibilities for generating two aggregated carriers for 40 MHz of spectrum. We have focused on how to combine the output from a number of power amplifiers and the implementation aspects of doing so. Both air combing and filter combining have benefits and drawbacks which we have discussed here.

We welcome operator input on their view of what the important factors are when deploying LTE-A in contiguous spectrum.
