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1. Introduction

For high/low band combinations without harmonics (class A1), it has been previously agreed that the impact of the front-end diplexer would be reflected as a relaxation to reference sensitivity and maximum output power in terms of RIB and TIB,c where the agreed values are 0 dB and 0.3 dB, respectively [1].  It is further understood and agreed that these relaxations should be applied even when operating in single carrier mode [2]; that is, when configured to operate without carrier aggregation since the diplexer and its associated insertion loss forms an integral part of the RF front-end of the device.  What has not yet been agreed is whether these relaxations may apply to other bands outside of those being aggregated and whether these relaxations may apply to other technologies (i.e., UTRA) which share the same band definition as those being aggregated and those affected by aggregation.  These two points are among the remaining key points to be addressed in order to complete the CA framework for the specification of class A1, of which a number of CA work items are contingent upon.  In this contribution, we address these two points and provide a proposal to close these open issues. 
2. Discussion

2.1. Band applicability
We first tackle the question of whether the TIB,c and RIB relaxations should apply for bands other than those which form a part of a carrier aggregation combination.  To address this question, we must first consider the UE front-end architecture, many examples of which are illustrated in [3] and [4].  There are (at least) two possible alternatives to support class A1 band combinations.  The first alternative as shown in Figure 1 below includes a diplexer between the two bands to be aggregated (Band H1 and Band L1).  With this architecture, the TIB,c and RIB relaxations apply only to Band H1 and Band L1, but these are the only two bands that can be aggregated.
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Figure 1.  One possible RF architecture to support CA between Bands H1 and Band L1.
The second alternative is one which places the diplexer towards the antenna separating high bands from low bands, each with their own switch, as shown in Figure 2.  The benefit of this second architecture is that multiple class A1 band combinations can be supported by the UE. This may be beneficial for the operator who has different band combinations in different markets or different cities within their coverage map, for the operator who may be interested in CA roaming opportunities, and for improving the ecosystem and availability of devices by enabling handset manufacturers to produce common platforms capable of supporting multiple markets.  With this architecture, the TIB,c and RIB relaxations would apply to all bands, even those bands not directly participating in CA, since the diplexer located by the antenna port affects all bands. 
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Figure 2.  One possible RF architecture to support multiple class A1 CA band combinations.
We feel that both of these architectures have merit and both should be allowed by the specifications.  Three alternatives we propose for subsequent discussion and consideration are
1. Allow TIB,c and RIB only to Band H1 and Band L1 for the UE which supports class A1 carrier aggregation between Band H1 and Band L1,

2. Allow TIB,c and RIB for all bands that a class A1 carrier aggregation capable UE supports, and

3. Allow TIB,c and RIB only to Band H1 and Band L1 for a UE which only supports CA between Band H1 and Band L1.  For a UE that supports multiple class A1 band combinations, allow TIB,c and RIB to apply to all bands that the UE supports.

Alternative 1 precludes the multiple band combination architecture of Figure 2.  Since we believe that this architecture is valid and should be allowed by the specifications, alternative 1 may not be suitable.  

Alternative 2 enables the multiple band combination architecture, but may be overly relaxed in bands other than H1 and L1 for the UE which is designed according to the single band combination architecture.  However, it is noted that the specifications are only minimum performance requirements and the UE is free to exceed those in practice.  In fact, for the UE which is designed according to the single band architecture of Figure 1, it will almost assuredly exceed the requirement in practice since the diplexer insertion loss is only felt across bands H1 and L1.  Therefore, defining the specifications according to Alternative 2 allows, but does not mandate, the most general solution providing the greatest flexibility in device architecture to meet differing operator needs and in practice, does not degrade the performance of the single band combination UE.
Alternative 3 is a compromise between the first two alternatives.  It defines a specific requirement localized to Band H1 and Band L1 for the device that supports aggregation only between these two bands.  Thus, performance is assured to be unaffected in the other bands.  However, it also enables a device implementation which supports multiple band combinations, for which the relaxations would apply over all bands.  The disadvantage with this alternative is a small increase in the complexity of the specification and its associated testing effort.
Of course, there may be other hybrid architectures as well including a separate tier of switches to isolate the diplexer to a subset of bands and these may not be fully captured by any of the above alternatives, but it is impractical to add the further complexity to the minimum performance specifications to optimize for the infinite number of possibilities.  These hybrid cases can be neatly accommodated by either Alternative 2 or Alternative 3.

For the sake of making progress and to address previous concerns about the general applicability of relaxations, we propose to adopt Alternative 3.
2.2. Technology applicability

Once it has been defined which E-UTRA bands are applicable for TIB,c and RIB relaxation, the second question to address is whether these relaxations should also apply across technology.  Specifically, should the relaxations defined for E-UTRA bands also apply to the corresponding UTRA bands for a multi-mode device? In principle, the answer is simple.  For a device which shares the RF front-end across multiple technologies, for example, E-UTRA Band 5 is supported by the same RF front-end as UTRA Band V, then the relaxations must also apply across technology.  To do otherwise would be to prohibit sharing of the RF front end across technologies in a multi-mode device.  While there may be specific cases where the implementation may have the luxury to support distinct RF paths for E-UTRA vs. UTRA, it is certainly also feasible that sharing the path is possible.  In fact, we feel that sharing the RF path where possible is the much more likely implementation given the size constraints and the large number of bands required to be supported in the most typical devices.
Again, we propose alternatives for consideration.

1. Allow TIB,c and RIB only for E-UTRA bands.

2. Allow TIB,c and RIB for both E-UTRA and the corresponding UTRA bands.

3. Allow TIB,c and RIB for both E-UTRA and the corresponding UTRA bands only for multi-mode devices.

Alternative 1 precludes an implementation which shares the RF front-end across E-UTRA and UTRA technologies.  It would force distinct and duplicated RF chains for each technology which may be suitable for only a limited number of applications in which size and cost are not constraints.  For the vast majority of applications and devices supported by the 3GPP specifications, however, size and cost are critical parameters.  Thus, we feel that Alternative 1 may not be suitable.
Alternative 2 enables sharing of the RF front-end across E-UTRA and UTRA technologies where the band definitions are common.  This enables the most common implementation architecture where size and cost is a consideration.  It does not preclude an implementation where the RF front-end is separated, but it may be argued that the specification is overly relaxed for those limited devices.  Of course, in practice, those devices would exceed the performance specification since the UTRA RF front-end would not be subjected to the diplexer required for E-UTRA carrier aggregation.

Alternative 3 is nonsensical and only included in this contribution for entertainment value.  If a device is not multi-mode, say supports only LTE/LTE-A, then of course there is no need to even consider UTRA requirements.

We propose to adopt Alternative 2.
3. Conclusion
In this contribution, we address two important remaining open issues in the definition of the carrier aggregation class A1 framework.  We note that the completion of a number of band combination work items (Band 4 + Band 13, Band 20 + Band 7, Band 700SDL + Band 2, Band 2 + Band 17, Band 20 + Band 3, Band 3 + Band 5, Band 1 + Band 19, and Band 1 + Band 18) is contingent upon resolution of these open issues.  We propose the following
1. Allow TIB,c and RIB only to constituent bands for a UE which only supports a single class A1 band combination.  For a UE that supports multiple class A1 band combinations, allow TIB,c and RIB to apply to all bands that the UE supports.
2. For the E-UTRA bands which are provided TIB,c and RIB, allow the same relaxations for the corresponding UTRA bands.

3. For the UE which supports CA band combination classes other than A1, the requirements and applicability of TIB,c and RIB is FFS.
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