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1. Introduction
RAN4 has been discussing RF conductive requirements for downlink carrier aggregation of three FDD carriers. At RAN4#68 and RAN4#68bis [1], [2], [3], [4] and [5] have been presented and discussed in order to define a generic approach for 3DL CA and no agreement has been reached.

The present contribution provides a way-forward proposal with the aim to progress on this topic, targeting a generic approach not customized to specific CA combinations for 3DL CA. 
2. Discussion
2.1 Leverage of 2DL CA results

It is worth to note that a UE supporting a 3DL CA combination is expected to also support the already standardized 2DL CA combinations of couples of bands belonging to the three bands constituting the 3DL CA combination. In theory, a 3DL CA combination would imply to have three different 2DL CA combinations; nevertheless, not all the 2DL CA combinations could be already defined. For example, in case of a UE supporting 3DL CA of bands 2+17+30 [7], the UE would be expected to support also the already defined 2DL CA combination of 2+17, while the 2DL CA combinations 2+30 and 17+30 are not defined yet. As another example, in case of a UE supporting 3DL CA of bands 3+7+20 [8], the UE would be expected to support also the already defined 2DL CA combination of 3+7, 3+20 and 7+20.
In addition to that, as for the definition of 2DL CA case requirements, one uplink is currently considered active at a time for 3DL CA cases. Nevertheless, it is still to be clarified whether 3DL CA cases will be defined since Rel-10 specifications according to the release independence of CA, as done for 2DL CA. In any case, new test cases need to be defined for testing 3DL CA.
On this basis, the aim would to built on top of existing 2DL inter-band and intra-band CA cases and to leverage the agreements already reached for them.
2.2 Possible grouping of 3DL CA combinations
In general, it would be possible to group 3DL CA combinations into two main groups (considering “low” a band with operating frequency ≤ 1GHz and “high” a band with operating frequency > 1 GHz):
· LHH/LLH: this is the group that includes 3DL CA combinations with both low and high bands (there could be the case of one low band and two high bands, or the other case of two low bands and one high band)

· LLL/HHH: this is the group that includes 3DL CA combinations with only low or high bands.

In both cases, there could be a specific case where “HH” or “LL” mean an intra-band CA between two “high” or “low” carriers.

Regarding the second group “LLL/HHH”, it is noted that no specific 3DL CA combination has been proposed so far. Therefore, in the present contribution the focus will be on the first group “LHH/LLH”.

2.3 Additional tolerances definition

Reusing of 2DL CA defined additional tolerances

In case of “LHH/LLH” 3DL CA combinations, it is expected that in the short term the UE RF front-end architecture would be very similar (and in some cases it is likely to be exactly the same) to the ones already exploited for 2DL CA combinations of LH and HH/LL constituent bands [1] [2] [3] [4]. Nevertheless, it is worth noting that 3GPP does not define nor mandate any specific UE RF front-end architecture. In addition to that, it is expected that future RF front-end architectures will be more optimized for CA support (e.g. 3, 4, 5 DL carriers).
Therefore, in this case it would be quite straightforward to assume for a 3DL CA combination to reuse the same additional tolerances already defined for the 2DL CA combinations of bands constituting the 3DL CA combinations itself whenever available. Nevertheless, it is expected that with the progress of the state of the art technology the insertion losses should decrease with the components improvement [5].
In case the same band is contained in two or more 2DL CA combinations, then the same approach agreed for multi-combination support should be followed, that is [6]:

· 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.
Definition of new 2DL CA additional tolerances

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.
In general, the following calculations should be done under the assumption to reuse 2DL agreements:

· “LHH” 3DL CA combination: L+HH ( for “L” band, the additional tolerance will be the average between the values related to the two possible 2DL LH inter-band combinations; for each “H” band, the additional tolerance will be the maximum between the values related to 2DL LH and 2DL LL values defined for 2DL inter-band.
· “LLH” 3DL CA combination: LL+H ( for each “L” band, the additional tolerance will be the average between the values related to 2DL LH and 2DL LL values defined for 2DL inter-band; for “H” band, the additional tolerance will be the maximum between the values related to the two possible 2DL LH inter-band combinations.

In the specific case where “HH” or “LL” mean an intra-band CA between two “high” or “low” carriers, the ΔRNCIB,c value already defined for 2DL intra-band cases will be considered in addition to the derived ΔRIB,c value.
A couple of numerical examples could better clarify this situation:

· 3DL CA 2+17+30 [7]: it is a LHH combination; 2DL CA is already defined for 2+17 (LH), while 17+30 (LH) and 2+30 (HH) are not defined. In this case:

·  it would be possible to directly reuse ΔTIB,c and ΔRIB,c already defined for band 17 in case of 2DL CA 2+17, assuming that also for 17+30 the same values would be used, assuming to use the average among them (band 17 is lower than 1 GHz):
· ΔTIB,c (band 17 for 2+17+30) = avg ( ΔTIB,c (band 17 for 2+17), ΔTIB,c (band 17 for 17+30) ) = avg (0.3 dB, 0.3 dB) = 0.3 dB

· ΔRIB,c (band 17 for 2+17+30) = avg ( ΔRIB,c (band 17 for 2+17), ΔRIB,c (band 17 for 17+30) ) = avg (0 dB, 0 dB) = 0 dB

· in case of bands 2 and 30, additional tolerances due to the hypothetical 2DL CA of 2+30 should be first defined, then the same rule as for band 17 could be applied (this time considering the maximum among values since bands 2 and 30 are higher than 1 GHz):

· ΔTIB,c (band 2 for 2+17+30) = max ( ΔTIB,c (band 2 for 2+17), ΔTIB,c (band 2 for 2+30) ) = max (0.3 dB, TBD dB)

· ΔTIB,c (band 30 for 2+17+30) = max ( ΔTIB,c (band 30 for 17+30), ΔTIB,c (band 30 for 2+30) ) = max (0.3 dB, TBD dB)

· ΔRIB,c (band 2 for 2+17+30) = max ( ΔRIB,c (band 2 for 2+17), ΔRIB,c (band 2 for 2+30) ) = max (0 dB, TBD dB)

· ΔRIB,c (band 30 for 2+17+30) = max ( ΔRIB,c (band 30 for 17+30), ΔRIB,c (band 30 for 2+30) ) = max (0 dB, TBD dB)

· 3DL CA 3+7+20 [8]: it is again a LHH combination, but in this case 2DL CA is already defined for all the possible 2DL CA combinations of constituent bands 3+7 (HH), 3+20 (LH) and 7+20 (LH). In this case:

·  it would be possible to directly reuse ΔTIB,c and ΔRIB,c already defined for all the threed involved bands in case of 2DL CA 3+7, 3+20 and 7+20, assuming to use the average of them in case of bands lower than 1 GHz and the maximum of them in case of bands higher than 1 GHz:
· ΔTIB,c (band 3 for 3+7+20) = max ( ΔTIB,c (band 3 for 3+7), ΔTIB,c (band 3 for 3+20) ) = max (0.5 dB, 0.3 dB) = 0.5 dB

· ΔTIB,c (band 7 for 3+7+20) = max ( ΔTIB,c (band 7 for 3+7), ΔTIB,c (band 7 for 7+20) ) = max (0.5 dB, 0.3 dB) = 0.5 dB

· ΔTIB,c (band 20 for 3+7+20) = avg ( ΔTIB,c (band 20 for 3+20), ΔTIB,c (band 20 for 7+20) ) = avg (0.3 dB, 0.3 dB) = 0.3 dB

· ΔRIB,c (band 3 for 3+7+20) = max ( ΔRIB,c (band 3 for 3+7), ΔRIB,c (band 3 for 3+20) ) = max (0 dB, 0 dB) = 0 dB

· ΔRIB,c (band 7 for 3+7+20) = max ( ΔRIB,c (band 7 for 3+7), ΔRIB,c (band 7 for 7+20) ) = max (0 dB, 0 dB) = 0 dB

· ΔRIB,c (band 20 for 3+7+20) = avg ( ΔRIB,c (band 20 for 3+20), ΔRIB,c (band 20 for 7+20)) = avg (0 dB, 0 dB) = 0 dB

Multi-RAT support

In addition to the above points, it should be considered the case when an E-UTRA band involved in a 3DL CA combination is also a supported UTRA band. In this case, the already agreed multi-RAT/multi-combination approach [6] shall be followed also for 3DL CA case. That, in the light of 3DL CA combinations would read as follows:
· The additional tolerances derived for bands of a 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 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.
Wayforward proposals

On the basis of the above discussion the following proposals are made:
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. Nevertheless, it is expected that future RF front-end architectures will be more optimized for CA support (e.g. 3, 4, 5 DL carriers) and with the progress of the state of the art technology the insertion losses should decrease with the components improvement. Therefore, the following note will be added below the table(s) containing the additional tolerances for 3DL CA in both TR and TS: “The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.”
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.
3. Conclusions

The present contribution has provided some way-forward proposals on definition of RF conductive requirements for downlink carrier aggregation of three FDD carriers, with the aim to progress on this topic targeting a generic approach not customized to specific CA combinations for 3DL CA. The following proposals have been made:
Proposal 1: For a “LHH/LLH” 3DL CA combination, the same impacts already defined for the 2DL CA combinations of bands constituting the 3DL CA combinations itself shall be reused whenever available. Nevertheless, it is expected that future RF front-end architectures will be more optimized for CA support (e.g. 3, 4, 5 DL carriers) and with the progress of the state of the art technology the insertion losses should decrease with the components improvement. Therefore, the following note will be added below the table(s) containing the additional tolerances for 3DL CA in both TR and TS: “The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.”
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.
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