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1 Introduction
There are several open issues in CA relaxations, especially in 3DL inter-band CA. This contribution proposes how to specify those. In addition, this contribution proposes some clarifications to current agreements related to 2DL and 3DL inter-band CA. 
2 Discussion
We start with list of undisputed open issues in 3DL CA:
· LLL relaxation
· HHH relaxation

· Case when UE supports multiple 3DL CA combinations

In addition some parts of the recent agreement on some 3DL CA relaxations were challenged by some companies in two previous meetings. Our concern on that agreement was mostly related to case when the difference between IL’s to be averaged goes too big.
LLL relaxation
In case when UE supports one LLL combination, the relaxation for that combination should be based on the respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB. Actually this is the only possible way; Low bands (<1GHz) are so close in frequency that the only feasible implementation is a hexaplexer.
Proposal1: In case UE supports one LLL combination, the relaxation for that combination shall be based on the respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB
HHH relaxation
In case when UE supports one HHH combination, the relaxation for that combination should in principle also be based on the respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB. In many cases also the high bands are so close in frequency that hexaplexer implementation is most feasible from IL point of view. However, since there is no definition on upper frequency of “High band” there can also be cases where HHH could be implemented using cascaded diplexers or a quadplexer+diplexer. We evaluate that the additional IL would be roughly the same independent of the implementation. The only difference could be that the band that is burdened only by one diplexer in cascaded diplexers or quadplexer+diplexer implementation would have less IL compared to if it were implemented using a hexaplexer. Should this happen one of the high bands would need to be sufficiently apart from the two another high bands. We propose the additional IL should be derived accounting available data from all possible implementations, hexaplexer, cascaded diplexers, and diplexer+quadplexer. Out of those, the maximum additional IL should be selected to derive ∆TIB and ∆RIB applying shared pain principle. We shall note that hexaplexers will not necessarily be designed for all HHH combinations; in that case there will be no IL data available for hexaplexer additional IL and then data from cascaded diplexers or diplexer+quadplexer should be used. 
Proposal2: In case UE supports one HHH combination, the relaxation for each band in that combination shall be based on the maximum of respective hexaplexer, cascaded diplexers, and diplexer+quadplexer additional IL and shared pain derivation of ∆TIB and ∆RIB
Multiple 3DL CA relaxation
In many cases there is nothing abnormal from RF front-end loss perspective in supporting multiple 3DL CA combinations. The unpleasant part of the picture is some of the cases are especially complex. The most difficult case is likely when UE supports overlapping LLH’s and/or LHH’s. This case gets very tricky especially when some of the bands that need to be aggregated with a quadplexer belong to more than one quadplexed band combination. In that case a hexaplexer implementation is very likely needed. Figure 1 below illustrates the situation when UE supports 3DL CA combinations A+B+C and for instance B+E+C. Band combination A+B is so close in frequency that they cannot be combined with a diplexer. Similarly band combination A+E is so close in frequency that they cannot be combined with a diplexer. Thus a hexaplexer solution is needed for bands A, B, and E. 
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The rule for this case must account implementation in the above, especially for low bands. We propose the following wording: 
“When UE supports multiple 3DL CA band combinations, the relaxation for each band shall be the maximum amongst the relaxations for individual 3DL CA band combination”. Exceptions to this are cases when L band is constituent in more than one L-L band combination and when H band is constituent in more than one H-H band combination. In these cases the rules shall be the following: “When UE supports multiple 3DL CA band combinations and one of the bands belongs to more than one L-L combination then the relaxation for those low bands shall be based on respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB” and  “When UE supports multiple 3DL CA band combinations and one of the bands belongs to more than one H-H combination then the relaxation for those high bands shall be based on the maximum of hexaplexer, cascaded diplexers, and diplexer+quadplexer additional IL and shared pain derivation of ∆TIB and ∆RIB”.
Proposal3: In case UE supports multiple 3DL CA band combinations, the relaxation for each band shall be the maximum amongst the relaxations for individual 3DL CA band combination. Exceptions to this are cases when L band is constituent in more than one L-L band combination and when H band is constituent in more than one H-H band combination. In these cases the rules shall be the following: “When UE supports multiple 3DL CA band combinations and one of the bands belongs to more than one L-L combination then the relaxation for those low bands shall be based on respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB” and  “When UE supports multiple 3DL CA band combinations and one of the bands belongs to more than one H-H combination then the relaxation for those high bands shall be based on the maximum of hexaplexer, cascaded diplexers, and diplexer+quadplexer additional IL and shared pain derivation of ∆TIB and ∆RIB”
There is a problem with this proposal. Even this methodology were chosen, there still would be no numbers the 36.101. Assume UE supports combo L1L2H1 and L2L3H2. In this case relaxations for Low bands L1, L2 and L3 should be based on hexaplexer, but the problem is if there is no L1L2L3 WI, then there are no relaxation values available. RAN4 should discuss how to solve this regarding proposal3.
Other issues
We had a contribution in [1] in previous meeting on 2DL CA relaxations. Some companies raised heavy objections against it underlining 2DL CA agreement was a package including pros and cons for each party. That is true, it was a package. The concern we have relates to cases that were never discussed in public during the 2 year process to find the agreement; cases when the additional loss for individual band combination is extremely high and UE supports multiple CA combinations. To address this concern some changes should be done to NOTE 4 below. We haven’t done any changes into NOTE 4 yet, it is just copied from the agreement. Another concern relates to quadplexed L-L combinations where only another band has additional relaxation due to harmonic trap even the trap burdens both bands.
Current agreements in 3DL CA

Below we list agreements made in November 2013.

Proposal 1: For a “LHH/LLH” 3DL CA combination, the same additional tolerances already defined for the 2DL CA combinations of bands constituting the 3DL CA combinations itself shall be reused whenever available. 

Proposal 2: For a UE supporting a “LHH/LLH” 3DL CA combination, in case the same band is contained in two or more 2DL CA combinations, then:

· when the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be respectively the average of the tolerances ΔTIB,c and ΔRIB,c for the considered band across the involved 2DL CA combinations truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

· when the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be respectively the maximum tolerances ΔTIB,c and ΔRIB,c for the considered band across the involved 2DL CA combinations that applies for that operating band among the supported CA configurations.

Proposal 3: For a “LHH/LLH” 3DL CA combination, in case a 2DL CA combination of bands constituting the 3DL CA combination is not available, then an activity for deriving ΔTIB,c and ΔRIB,c for such bands shall be addressed, reusing the same principles already followed in the past, i.e. “shared pain approach”, the multi-combination/multi-RAT agreements, and different margins on TX and RX sides.

Proposal 4: For a UE supporting a “LHH/LLH” 3DL CA combination, the additional tolerances derived for bands constituting the supported 3DL CA combination do not apply to supported UTRA operating bands with frequency range below 1 GHz that correspond to the E-UTRA operating bands that belong to the supported inter-band 3DL CA carrier aggregation configurations when such bands are belonging only to band combination(s) where one band is <1GHz and other bands are >1.7GHz and there is no harmonic relationship between the low band UL and high bands DL. Otherwise, the additional tolerances derived for bands of a supported 3DL CA combination also apply to supported UTRA operating bands that correspond to the E-UTRA operating bands that belong to the supported inter-band 3DL carrier aggregation configurations.

Proposed draft set of rules for 36.101:
Below we propose how the rules in 36.101 should look like. Changes to current rules are marked red.
NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations.
NOTE 3:
When band combination is constituent only in 2DL CA: In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances above, truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance above that applies for that operating band among the supported CA configurations
NOTE 4: 
When UE supports 3DL inter-band CA combinations: For a UE supporting a “LHH/LLH” 3DL CA combination, in case the same band is contained in two or more 2DL CA combinations, then:
· When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be respectively the average of the tolerances ΔTIB,c and ΔRIB,c for the considered band across the involved 2DL CA combinations truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

· When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be respectively the maximum tolerances ΔTIB,c and ΔRIB,c for the considered band across the involved 2DL CA combinations that applies for that operating band among the supported CA configurations.
NOTE 5: When UE supports multiple 3DL inter-band CA combinations then:
- In case UE supports multiple 3DL CA band combinations, the relaxation for each band shall be the maximum amongst the relaxations for individual 3DL CA band combination. 
-Exceptions to this are cases when L band is constituent in more than one L-L band combination and when H band is constituent in more than one H-H band combination. 
-In these exception cases the relaxations for these low bands shall be based on respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB. Relaxations for these high bands shall be based on the maximum of hexaplexer, cascaded diplexers, and diplexer+quadplexer additional IL and shared pain derivation of ∆TIB and ∆RIB.  
NOTE 6: Tolerance that applies for each band in 3DL CA mode applies also in 2DL CA and non-CA mode
3 Conclusions

We propose the following:

Proposal1: In case UE supports one LLL combination, the relaxation for that combination shall be based on the respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB
Proposal2: In case UE supports one HHH combination, the relaxation for each band in that combination shall be based on the maximum of respective hexaplexer, cascaded diplexers, and diplexer+quadplexer additional IL and shared pain derivation of ∆TIB and ∆RIB
Proposal3: In case UE supports multiple 3DL CA band combinations, the relaxation for each band shall be the maximum amongst the relaxations for individual 3DL CA band combination. Exceptions to this are cases when L band is constituent in more than one L-L band combination and when H band is constituent in more than one H-H band combination. In these cases the rules shall be the following: “When UE supports multiple 3DL CA band combinations and one of the bands belongs to more than one L-L combination then the relaxation for those low bands shall be based on respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB” and “When UE supports multiple 3DL CA band combinations and one of the bands belongs to more than one H-H combination then the relaxation for those high bands shall be based on the maximum of hexaplexer, cascaded diplexers, and diplexer+quadplexer additional IL and shared pain derivation of ∆TIB and ∆RIB”
Proposed draft set of rules for 36.101 (changes red):

NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations

NOTE 2:
The above additional tolerances also apply in non-aggregated operation for the supported E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations.
NOTE 3:
When UE supports up to 2DL inter-band CA combinations: In case the UE supports more than one of the above inter-band carrier aggregation configurations and a E-UTRA operating band belongs to more than one inter-band carrier aggregation configurations then:

-
When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be the average of the tolerances above, truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

-
When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be the maximum tolerance above that applies for that operating band among the supported CA configurations
NOTE 4: 
When UE supports 3DL inter-band CA combinations: For a UE supporting a “LHH/LLH” 3DL CA combination, in case the same band is contained in two or more 2DL CA combinations, then:

· When the E-UTRA operating band frequency range is ≤ 1GHz, the applicable additional tolerance shall be respectively the average of the tolerances ΔTIB,c and ΔRIB,c for the considered band across the involved 2DL CA combinations truncated to one decimal place for that operating band among the supported CA configurations. In case there is a harmonic relation between low band UL and high band DL, then the maximum tolerance among the different supported carrier aggregation configurations involving such band shall be applied

· When the E-UTRA operating band frequency range is >1GHz, the applicable additional tolerance shall be respectively the maximum tolerances ΔTIB,c and ΔRIB,c for the considered band across the involved 2DL CA combinations that applies for that operating band among the supported CA configurations.
NOTE 5: When UE supports multiple 3DL inter-band CA combinations then:

- In case UE supports multiple 3DL CA band combinations, the relaxation for each band shall be the maximum amongst the relaxations for individual 3DL CA band combination. 
-Exceptions to this are cases when L band is constituent in more than one L-L band combination and when H band is constituent in more than one H-H band combination. 
-In these exception cases the relaxations for these low bands shall be based on respective hexaplexer additional IL and shared pain derivation of ∆TIB and ∆RIB. Relaxations for these high bands shall be based on the maximum of hexaplexer, cascaded diplexers, and diplexer+quadplexer additional IL and shared pain derivation of ∆TIB and ∆RIB 

NOTE 6: Tolerance that applies for each band in 3DL CA mode applies also in 2DL CA and non-CA mode
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