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1. Introduction

For inter-band carrier aggregation, the majority of the discussion thus far has focused on aggregation on the downlink only with a single component carrier on the uplink.  The specifications defined so far are only applicable for single uplink.  However, a number of operators have expressed interest and the vast majority of the interband CA work items include uplink carrier aggregation as well.  In this contribution, we provide thoughts and a proposed way forward on the approach to define requirements for dual-uplink carrier aggregation.
2. Discussion

For inter-band carrier aggregation, a framework has been agreed to assist in defining the specifications for each of the carrier aggregation combinations.  So far, four inter-band CA band combination classes have been created

· Class A1:  Low-high band combination without harmonic relation between bands

· Class A2:  Low-high band combination with harmonic relation between bands

· Class A3:  Low-low or high-high combination without intermodulation problem (low order IM)

· Class A4:  Low-low or high-high combination with intermodulation problem (low order IM)

with possible modification to account for cross-carrier IM2 issues [1] or to include mid-frequency bands.  These class definitions apply to both single-uplink and dual-uplink configurations.

2.1. Work approach
Given the large number of band combinations to be specified, one approach is to phase the work by addressing requirements for single-uplink before those for dual-uplink.  Many of the currently active inter-band CA work items are structured in this manner with staggered completion dates for DL vs. UL CA; other work items explicitly limit the work to single-uplink with the understanding that dual-uplink may be treated in a future work item.
In the most idealized case, phasing the work between single-uplink and dual-uplink would be most effective if the requirements between the two are independent.  That is, the requirements for single-uplink do not impact the requirements for dual-uplink and vice versa.  If the requirements between these two configurations are dependent, then phasing the work becomes more challenging.  
For example, consider a class A4 combination where there is a low-order intermodulation product generated between the two simultaneous uplink transmissions that interferes with the reception of one of the downlink component carriers.  If the work is phased by first treating this combination as single-uplink only, then naturally, there is no intermodulation product generated and the specifications may be relatively straightforward.  Hypothetically for the point of illustration, assume that the RIB reference sensitivity relaxation can be zero.  If we subsequently go on to consider the same band combination, but with dual-uplink, then the effects of intermodulation products require consideration.  Again, for the point of illustration, assume that the consequence of the dual-uplink generated intermodulation products is a requirement for greater RF filtering and linearity (and hence larger insertion loss), the RIB reference sensitivity relaxation is now 1dB.  We are now in a situation where a device built to meet the requirements for single-uplink may not be able to fulfill the requirements for dual-uplink since in order to meet the reference sensitivity with zero relaxation, it cannot afford to add extra RF filtering or improve RF linearity.  Similarly, the device built for dual-uplink may not be able to fulfill the requirements for single-uplink since it likely requires the 1dB reference sensitivity relaxation as shown in this example.  Thus, an incompatibility may exist.
While the class A4 combination was used as an illustration, the other classes including the mostly benign class A1 and A3 combinations cannot be completely ignored.  In theory, even for a class A1 combination, a dual-uplink device may generate intermodulation products that violate coexistence or regulatory emission requirements.  Therefore, additional hardware and therefore potentially additional relaxation may be necessary to mitigate the spurious emissions.  In practice, however, we do expect that the class A1 and class A2 combinations will mostly be without this problem due to their wide separation of frequencies between constituent bands, but they should not be completely disregarded.  Class A3, however, may require closer scrutiny due to the relatively close spacing between uplink carriers and therefore the proximity of 3rd order intermodulation products.
2.2.  Potential solutions

Bearing in mind that the specifications must be defined to support all reasonable and valid hardware configurations, we first dismiss the notion of specifying requirements around solutions which mandate the use of multiple antennas.  We then present three alternatives for discussion.

1. Define the requirements separately for single-uplink hardware vs. dual-uplink hardware.

2. Define the requirements for single-uplink hardware, and provide sufficient relaxation if needed (i.e., reference sensitivity relaxation, A-MPR power backoff) in the dual-uplink requirements so that they can be met with the single-uplink hardware.

3. Define the requirements for dual-uplink hardware, and provide sufficient relaxation if needed (i.e., reference sensitivity relaxation, MOP relaxation) in the single-uplink requirements so that they can be met with the dual-uplink hardware.

The first alternative is the most straightforward in that it separates and decouples the requirements for single-uplink from those of dual-uplink, so avoids the interaction between the two.  In some cases, it is certainly possible that there is no interaction between single-uplink vs. dual-uplink so that the requirements for each converge to be identical.  However, in general, this cannot be assumed.  Therefore, defining single-uplink vs. dual-uplink separately implies that there are separate requirements that may be mutually exclusive so that distinct RF hardware configurations are required (for example, with or without filters, with or without higher linearity components).  This implies that there are two distinct hardware versions depending on single uplink support or dual uplink support.  This may lead to market fragmentation which is undesirable.
The second and third alternatives are biased towards one particular hardware configuration, either single-uplink or dual-uplink.  If it can be foreseen that the majority of devices fall into one configuration or the other, then one of these two alternatives can be favored.  These two alternatives spare the need to define and support two hardware configurations by the device vendors and the network operators.  They enable a single hardware configuration to support both single-uplink and dual-uplink, though the specifications may be relaxed in the “less favored” mode of operation.

2.3. A need for common understanding

Of the current interband carrier aggregation work items, these seem to fall into three categories.  The first is those that explicitly adopt the first alternative, the second is those that implicitly adopt the first alternative, and the third category where it does not appear that any of the alternatives has been clearly recognized or identified yet.  
For example, those work items such as Band 1+19, Band 1+21, and Band 3+5 [2], [3], and [4] which are only defined for single-uplink are explicitly following the first alternative since by definition, the specifications for those work items will be defined without consideration to dual-uplinks.  If and when a need for dual-uplink is identified, a separate work item for example Band 3+5 with 2UL in [5] will be created and separate specifications will be defined for dual-uplink separately from single-uplink.
Similarly, there are other work items, for example Band 20+8, that have sought to separately define the requirements for single-uplink [6] for a class A4 band combination.  Furthermore, it might be suggested that some of the carrier aggregation work items could be regarded as class A1 when only a single uplink is considered (those high/low with IM2 challenges).  The implication is that the agreements for requirements, i.e., TIB and RIB, associated with class A1 could be applied to a non-class A1 combination when only a single uplink component carrier is used.  Such a suggestion also implicitly applies the first alternative as the method to define the specifications for this combination.

On the other hand, the majority of the interband carrier aggregation work items do not seem to indicate a clear direction on which approach should be followed in defining the requirements for single-uplink vs. dual-uplink.  

We observe the need to develop a common understanding on how the requirements will be treated for dual-uplink carrier aggregation with or without regard to single-uplink downlink-only aggregation.  

A challenge arises, particularly for band combinations which are shared among multiple operators, when there are different priorities and operational models.  For example, one operator may prefer to emphasize downlink carrier aggregation with only single-uplink over uplink carrier aggregation, another operator may tolerate different types of devices in his network, some of which can only support single uplink and some of which can only support dual uplink, etc.  Ideally, the specifications should be sufficiently flexible to be able to support the needs and priorities of all operators, but such flexibility usually carries the cost of additional complexity in the specification, perhaps market fragmentation, and/or overly relaxed specifications since they are not tuned to any one particular implementation.  

To minimize the impact to the specifications, to avoid market fragmentation with multiple hardware variants, and to recognize that downlink carrier aggregation will in many cases be deployed first and of higher priority, we recommend that alternative two be adopted as the way forward.

3. Conclusion

While significant progress has been made in defining the requirements for single-uplink downlink carrier aggregation, especially for class A1, relatively little attention has been paid to the case of dual-uplink aggregation.  However, we feel that it is necessary to develop a common understanding of how the dual-uplink specifications will be defined taking into consideration the implication to hardware.  Three alternatives were described on how the specifications for dual-uplinks might be defined.
Way forward proposal:

Define the requirements for single-uplink hardware, and provide sufficient relaxation if needed (i.e., reference sensitivity relaxation, A-MPR power backoff) in the dual-uplink requirements so that they can be met with the single-uplink hardware.
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