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1. Introduction

It is well recognized that additional losses in the RF front-end will degrade reference sensitivity and maximum output power, or Pcmax.  The challenge is to appropriately allocate these additional losses to the TIB and RIB parameters.  Most recently, proposals [1] and [2] were presented in an attempt to reach consensus on this long standing debate.  In this contribution, we take another look at this problem from a more pragmatic perspective taking into consideration the likely implementation implications to the UE.
2. Discussion

It is well understood that a valid UE configuration to support interband carrier aggregation will carry additional losses in the RF front-end degrading noise figure as well as increasing the amount of power the PA must deliver to achieve a given output power level at the antenna port.  The UE that supports interband carrier aggregation can be implemented in two ways depending upon the amount of additional loss and the degree to which such loss is recognized in TIB and RIB relaxations.  Either the UE will be able to reuse existing Rel-8 RF components, or new components must be designed.  Note that for UE’s which support multiple modes of operation (2G, 3G, LTE, LTE-A), the same RF components will be shared across all technologies.  For those cases where it is possible, it is highly desirable to be able to reuse existing Rel-8 components rather than to design new components.  There may be limited availability of new component designs which will delay LTE-A carrier aggregation deployments, result in a smaller selection of devices, and increase costs.  

2.1. Reusing existing components 
There are clear benefits to being able to reuse existing components to support carrier aggregation.  One of the assumptions of the proposal in [1] is that there is implementation margin in existing Rel-8 designs.  Therefore, it is proposed that the additional insertion loss could be, at least in part, absorbed by the implementation margin thereby allowing existing components to support carrier aggregation.  Thus, the benefit to reusing existing components is implicitly recognized in this proposal.  Furthermore, it may be true that for some bands, there indeed exists sufficient implementation margin on the Rx side that some fraction of the insertion loss could be absorbed.  However, the same is not true on the Tx side.  In the majority of cases, there is no implementation margin on the Tx side when taking into consideration process and temperature variation.  In some cases, there is actually negative margin!  There are existing UE devices today that are not even able to meet the maximum output power requirement of 23 dBm.  The reason is that the current consumption requirements demanded by handset manufacturers and operators is so stringent that devices can not meet these requirements and achieve maximum output power.  Therefore, it should be recognized that for the Tx side, there is no margin available to absorb front-end losses.  Without TIB allowance, redesign or re-optimization is likely to be necessary and reuse of existing components is not possible.  
2.2. Redesign of new components

If redesign of new components or re-optimization is necessary (i.e., if inadequate relaxation is allowed or if the loss is too large), the consequence is delayed and reduced device availability, higher costs, higher current consumption, and higher heat generation.  Unfortunately, these disadvantages are then also levied upon the device operating in 2G, 3G, or Rel-8 since a common front-end is shared.  This device would then no longer be competitive with those devices which do not support carrier aggregation, which may discourage device manufacturers and slow down or jeopardize the adoption of carrier aggregation.  
As an illustration, consider the impact of 0.5dB additional output power required if TIB relaxation is not allowed for additional front-end loss.  As was demonstrated above, the transmit chain and the PA are carefully sized to deliver exactly 23 dBm output power (or in some cases, slightly less) at the antenna port while just meeting linearity requirements and accounting for temperature and production tolerances.  If the PA is now required to be sized larger to overcome the additional front end loss, the consequence is higher current consumption, increased heat generation, and higher costs for all modes of operation, none of which are acceptable in today’s designs which are only barely able to meet these criteria.  To overcome 0.5dB of additional insertion loss would require a PA to burn an additional approximately 50mA at maximum output power as shown in Figure 1.  To put this value in context, this represents approximately 10% of the total battery current at maximum Tx power.  Thus, the carrier aggregation capable UE, if not given maximum output power relaxation, will have inferior battery life compared to the Rel-8 UE.  
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Closely coupled to current consumption is heat generation.  Today’s smartphones and USB dongles are increasingly thermally challenged due to their form factors.  There is little air movement possible within a thin smartphone so heat buildup and thermal shutdown are serious problems today.  Furthermore, the USB 2.0 standard only guarantees that 500mA is available on its supply line.  USB dongles which require greater than 500mA must draw power from two USB ports simultaneously, which is not required of existing USB dongles today.  Consequently, it is common for OEM handset manufacturers to impose a hard limit of 400-450 mA on the maximum allowed current available to the PA.  Therefore, to increase the PA size may not be possible.
2.3. Proposal

We propose the following method taking into consideration the benefit of reusing existing components
1. If IL ≤ 0.5 dB, then TIB = round(10xIL)/10, RIB = 0.

2. If 0.5 < IL ≤  2.0 dB, then TIB = 0.5 + round(10x(IL-0.5)/3)/10, RIB = max(0,round(10x(IL-0.5)/1.5)/10).
3. If IL > 2.0 dB, then TIB =RIB = round(10xIL)/10 – 1.

4. The TIB and RIB should be allowed for all bands supported by the device.
Since the equations above may be less-than-intuitive and somewhat difficult to decipher, the following diagram is provided for assistance
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Figure 1.  Refsens and Pcmax relaxation proposals as a function of additional front-end insertion loss
The motivation for proposal 1 is that when the additional loss is small, it is proposed that to enable the reuse of existing RF components where there is currently no implementation margin, the entire insertion loss should be allowed for in TIB.  On the other hand, for small additional insertion loss, it may be possible to absorb this loss within the implementation margin on the Rx so that the RIB can be zero, consistent with the “share-the-pain” principle [4].   

When the additional insertion loss is larger, then it may not be reasonable for the network to be able to sacrifice such link margin.  In this case, it may be unavoidable that newer components will be required.  Therefore, proposal 3 splits the large insertion loss between the UE and the network for both Rx and Tx.  Here, the TIB grows slowly as the insertion loss increases assigning a greater proportion of the incremental loss to the UE since it is anticipated that a new PA will be required anyways.  
When the additional insertion loss is very large, the amount of that loss which can be absorbed in UE implementation, despite the use of new components, is fundamentally limited.  The ability to continue improving noise figure and increasing PA output power reach a point of diminishing returns as the current consumption demands escalate beyond reason.  As some point (possibly even below the 2.0dB threshold proposed here), one may question the value of carrier aggregation for the band combinations with very large additional insertion loss. 

The last proposal addresses the topic raised in [3].  It is envisioned that there may be several UE implementation architectures to suit different operator scenarios, application use cases, and market requirements.  The specification should of course allow all such reasonable implementations.  One such example, as described in [3] is a UE that supports multiple low/high band combinations with a single diplexer.  We therefore recommend that to enable this case and for the sake of simplification in the specification, the RIB and TIB relaxations should be allowed for all bands that the device supports.  Of course, there may be additional complexities associated with other architectures (i.e., a device which must support both high/low combinations as well as high/high combinations), but we propose to leave those FFS.
We note the following
· We have not included explicit consideration of those band combinations which may have a smaller RIB impact due to lack of Tx noise.  This would complicate the specification and would require additional study and confirmation for each band combination which would delay the completion of the band combination work items.  Furthermore, such consideration would not apply for the case of two uplink transmissions, would require separation specifications for single vs. dual uplink, and would not easily extend to more than two component carriers.  Instead, the effect is implicitly included by virtue of the smaller and in some cases zero relaxation given to Rx than to Tx.

· Transmitter harmonics and intermodulation products have not been considered in this contribution.  The carrier aggregation classes which include harmonics and intermods should be treated separately.

3. Conclusion

In this contribution, we have provided the perspective of UE implementation to the treatment of the additional front-end loss.  The key points are 

· It is important to enable the reuse of existing components where possible.
· There is little to no implementation margin on the Tx side.
· Redesigned or re-optimized PA designs will burn more current, generate more heat, and increase costs.  In some cases, this may not even be possible due to other constraints on the design.
We have a proposed a formulation for the TIB andRIB relaxations as follows

1. If IL ≤ 0.5 dB, then TIB = round(10xIL)/10, RIB = 0.

2. If 0.5 < IL ≤  2.0 dB, then TIB = 0.5 + round(10x(IL-0.5)/3)/10, RIB = max(0,round(10x(IL-0.5)/1.5)/10).

3. If IL > 2.0 dB, then TIB =RIB = round(10xIL)/10 – 1.

4. The TIB and RIB should be allowed for all bands supported by the device.
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