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1. Introduction

One open issue related to inter-band carrier aggregation that remains unresolved is the treatment of insertion losses and associated performance relaxations for bands and for RAT's that are not part of a CA combination.  Central to this issue is the reference architecture of the UE for the purpose of defining the minimum performance specifications.  The virtues of a common diplexer architecture, with the diplexer placed at the antenna port, have been presented on numerous occasions, but the concept has not been agreeable to establish the minimum performance requirements because of the impact to other bands and other RAT's.  In this contribution, we further investigate how the specifications can be written to enable this implementation for those operators who recognize the value and have near-term CA deployment timelines, while at the same time allowing further discussion to find alternative solutions for those who do not.  
2. Discussion

The utility of the "common diplexer" UE RF architecture for inter-band carrier aggregation with its pros and cons has been extensively discussed.  The main point is that the specifications should enable multiple implementations since there are a variety of applications, form factors, cost and performance tradeoffs, etc., which may be necessary for the wide variety of devices conforming to the 3GPP specifications.  The common diplexer is a valid architecture that has many benefits and will be used in some devices.  The specification should therefore enable this architecture; conversely, the specifications should not and do not mandate the use of this architecture since other architecture are also likely to be implemented.  In the most general sense, this concept has not been acceptable to the companies within RAN4 so a number of proposals have been offered to reduce the scope of applicability of this architecture.  For example,

1.  Relaxations are not allowed according to this architecture [4],


2.  Relaxations according to this architecture are only allowed if the device supports more than one band 



combination [2],


3.  Relaxations according to this architecture are only allowed if the device supports specific band combinations to 
be identified in the specifications [1], and

4.  Relaxations according to this architecture are allowed, but the relaxations are treated independently from band to 
band [3].
Recognizing that in reality, there will be devices which are designed with this architecture, then we consider the implications of each of the above options.  In the first option, the device will either fail the 3GPP requirement if it has insufficient implementation margin and/or it will result in an increase in current consumption of the device, increase in cost, increase in lead time, and decrease in availability and choice.  With the fourth option, the result will be the same, but possibly to a lesser degree depending on if the individual relaxations can be agreed to and on how they are defined.  With the second option, devices which only support a single band combination can use a local diplexer to meet the requirements, but such a device will have limited applicability since it is envisioned that devices will be required to support multiple band combinations.  The third option is aimed to address the different needs of different operators deploying CA on different timelines.  The intent is that those operators who recognize the benefit to enable a common diplexer UE are allowed to do so.  For other operators who are not able to tolerate the disadvantages associated with the common diplexer UE or who have CA deployment plans far enough in the future, the relaxations can be left as FFS for further discussion towards potential alternative solutions.
Proposal

The third option is our recommended proposal as follows (from [1]) 

· For the device that supports the CA configuration listed in Table 1 and only supports class A1 or A2 band combinations (i.e., does not support any high/high or low/low combinations), the RIB and TIB,c relaxations should be applied to all bands that the device supports and across UTRA and E-UTRA technologies.  Additional relaxation may be needed (FFS) for the band in a class A2 combination to account for a harmonic trap filter.
Table 1.  CA configurations for which Tx and Rx relaxations apply across all bands and RAT's.

	CA Configuration
	E-UTRA Bands

	CA_x_y
	x

	
	y

	
	

	
	


· If the device does not support any of the CA configurations listed in Table 1 or if the device supports other A3 or A4 combinations, then the applicability of RIB and TIB,c relaxations to other bands and to other RAT’s is FFS.
No proposal is perfect, and neither is this one.  There are challenges to this approach.  The proposal relies on the premise that band combinations are unique to each operator so that each operator can make a choice based on the band combination.  However, some band combinations are shared among multiple operators and if those operators do not all agree on the same choice, then this proposal is difficult to implement.  However, in that case for the band combinations that are shared by many operators of differing opinions, the situation is no different from what it is today.  Another challenge is roaming devices may underperform in the remote network if they are allowed relaxations by virtue of their home network operator.  However, the number of roaming devices is small in a network so a few devices is expected to have minimal impact to the overall network.  Furthermore, operators have flexibility in establishing the conditions of their roaming agreements and may choose to not allow devices to roam onto their network if they feel that the devices would be too damaging.  Another challenge is market fragmentation.  The concern is that by allowing some devices to be built with the common diplexer and others with an alternative solution, the marketplace will be fragmented with UE's of different design and different performance.  However, this situation exists regardless of how the specifications are defined.  There currently exist and there will always be UE's with different architectural designs and tradeoffs due to market demands.  There will be UE's designed with the common diplexer architecture and others with a different architecture.  In fact, it can be argued that alternative proposals with an element of band specificity are an even greater threat to market fragmentation since this implies customized designs for each band or band combination.  One last challenge is that by this approach, the specifications for operators who choose not to adopt the common diplexer architecture are left incomplete.  This proposal does not address this aspect since those are left as FFS, but the situation is no different from what it is today for those operators, and those operators may have longer time horizons before planned LTE CA deployments.  For other operators, particularly those with near-term needs to deploy LTE CA, this proposal does offer a solution.  In short, the proposal does not perfectly address all operator and vendor concerns, but it does enable those operators with early CA deployment plans an opportunity to proceed within the framework of the specifications.
3. Conclusion

We have further refined a proposal on how to treat the insertion loss relaxations for class A1 and A2 band combinations.  To address the concerns of some operators on the scope of relaxations allowed with the common diplexer architecture, and yet to enable other operators to embrace the advantages of this architecture, especially for near-term CA deployments, we propose the following.

A table would be created in the specifications enumerating the band combinations which would support the common diplexer architecture.  For other band combinations, or for permutations which involve high/high or low/low combinations, the applicability and specifications of relaxations across other bands and RAT’s is FFS.

· For the device that supports the CA configuration listed in Table 1 and only supports class A1 or A2 band combinations (i.e., does not support any high/high or low/low combinations), the RIB and TIB,c relaxations should be applied to all bands that the device supports and across UTRA and E-UTRA technologies.  Additional relaxation may be needed (FFS) for the band in a class A2 combination to account for a harmonic trap filter.
· If the device does not support any of the CA configurations listed in Table 1 or if the device supports other A3 or A4 combinations, then the applicability of RIB and TIB,c relaxations to other bands and to other RAT’s is FFS.
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