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Introduction

In this paper we discuss some of the high level aspects of carrier aggregation specifications for the BS namely what the BS specification should cover as well as the implications this has on testing.
In order to complete the requirements we believe it is beneficial if the interested companies can reach a consensus on the high level issues. Hopefully deciding on the details will become easier after that.
Scope of the LTE BS specification

One of the main questions to decide for the BS specification is what carrier combinations that the specification should cover. There are a few different sets that can be considered.
The easiest set is the set of a single carrier. The single carrier case is what the specification has been developed for and clearly this is in the scope of the specification.

Another set is when two (or more in future releases) carriers are aggregated. Currently there are only a handful of combinations that are defined for the UE. If we consider the exact spacing (provisions are made for spacing other than the nominal channel spacing) of the carriers we get some more combinations. Even so there is only a small amount combinations specified in Rel-10. Obviously the BS specification must cover these combinations as well. In addition we can expect that future releases will add more combinations and it would be beneficial if the specification is so future proof that it can easily be updated to include these additional combinations.
Another class of combinations is multiple carriers in general. This is simply when more than one carrier is transmitted from the same antenna connector of the BS. Some of these may or may not be aggregated. From an RF performance perspective there is little difference between carriers that are aggregated and carriers that are not. To avoid changing the specifications every time a new carrier combination is added it seems reasonable to include all the multiple carrier cases in the LTE specification as well. The RAN4 consensus also seems to be that these combinations should be part of the work.
There is another hybrid set (“mixed mode”) that should be considered as well. It is possible that the BS is transmitting multiple carriers where not all of these carriers are aggregated. One example would be a BS transmitting three carriers of 20, 20 and 10 MHz channel BW, where only the two 20 MHz carriers are aggregated. These cases should also be covered by the BS specification.

In figure 1 we depict the various sets discussed above. In our understanding the CA combinations is a subset of the multiple carrier cases.
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Figure 1: The possible carrier combinations for Single carrier, CA and Multi Carrier LTE. The CA combinations form a subset of the multi carrier combinations.

Testing philosophy

It should be reasonably clear that the number of combinations of carriers, bandwidths of the individual carriers, the center frequencies and the power for the carries is very large. One way to ensure that the BS complies with the specifications for all the combinations is of course to test all of them. However this is not tractable.

The second method is to be a bit smarter. The idea is to test only the combinations where it is most difficult to meet the specifications, i.e. only test the most stringent combination. The thinking is that if the BS complies with the specification in the most stringent case it will also comply with the specification in easier cases. Exactly which combination to select requires some careful consideration of the possible combinations and also some understanding of possible implementation choices for the BS.

Fortunately this problem has already been solved in the context of the MSR specifications. TS 37.141 specifies the allocation of LTE carriers (in test configuration 2, TC2) where it most difficult to meet the specifications. Since the exact capabilities of a BS may vary the manufacturer’s declaration is used as input data for a method to generate TC2. This procedure is described in subclause 4.8.2 in TS 37.141.
Necessity to (not) test the CA combinations

If we accept that the LTE specification should cover multi-carrier cases as well and if we accept that the test procedure in TS 37.141 gives sufficient test coverage it logically follows that the carrier combinations used in tests are not necessarily corresponding to a CA combination defined in the UE specification. The reason is that since the CA combinations is only a subset of the multi carrier combinations, a method that selects a TC from all the possible multi carrier combination may not necessarily select a CA combination.

It may seem quite counterintuitive that when introducing carrier aggregation in the specification, none of the carrier combinations are tested. However that is the logical consequence of the specification scope and the testing philosophy.
One benefit with this approach is that the conformance test will also cover the mixed mode (both aggregated and non aggregated carriers are transmitted simultaneously) combinations. Although necessarily used in a test the test procedure will ensure that the BS meets the specification for this case. 
Implications for declarations
The channel bandwidth for single carriers is already defined for the single carrier case and the manufacturer declares which channel bandwidths that are supported. This will obviously need to be declared in the future as well.
The aggregated channel bandwidth is intrinsically linked with carriers that are aggregated. From our previous discussions it seems that aggregated channel bandwidth is not a suitable parameter to use for generating test configurations that cover all the possible multi carrier combinations.
In the MSR specification the input parameter to the test configuration procedure is the maximum RF bandwidth. If we think that the specification should cover multi carrier configurations in general and if the test procedure outlined above is correct it follows that it is necessary to declare the maximum RF bandwidth.
Which CA combinations are supported?

There is one point however that needs to be clarified and that is special for carrier aggregation. That is to define which carriers in a multi carrier configuration that can actually be aggregated.

As usual there are multiple ways of doing this. One possibility is to simply list the supported combinations. In the current UE specification there are only a few possibilities for aggregating the carriers. For example the CA_40C “CA band” defines 10+10, 10+15, (10+20), 15+15, 15+20 and 20+20, i.e. six combinations and of these, two (10+10 and 10+20) are not likely to be used. It is quite feasible to list which of these combinations the BS supports. Of course the BS can support more, but since there are no UEs supporting additional combinations it seems quite unlikely.
Another possibility is to define the maximum aggregated bandwidth where the implication is that the BS will support any combination of carriers up to this bandwidth. However this may be ambiguous. For example the BS may support 5, 10, 15 and 20 MHz channel bandwidths in single carrier operation. Now if the maximum aggregated bandwidth is 20 MHz this may imply that the BS supports 5+15 MHz carrier aggregation. This is not likely a valid interpretation, the correct interpretation is probably that the BS supports the combinations from CA_40C that have a maximum aggregated bandwidth less than or equal to 20 MHz. To avoid this ambiguity the simplest solution may be to simply list the supported combinations.
Summary
The main points discussed in this contribution are:

· The BS specification should cover multi carrier combinations as well as mixed mode combinations in addition the CA combinations.
· The test cases should be chosen so that coverage of all multi carrier combinations is ensured. To be able to do this it is necessary to declare maximum RF bandwidth.

· It is necessary to declare which CA combinations the BS supports. This should be done by listing the supported combinations.
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