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1 Background
In this contribution we continue the discussion in [1] on the support of multiple 3DL configurations and the consistency between requirements for a 3DL configuration and all their 2DL fallback modes. We return to the example of combinations including Band 30, which is not an “easy” band. A front end architecture supporting the combinations B2 + B5 + B30, B2 + B17 + B30, B2 + B29 + B30, B4 + B5 + B30 and B4 + B17 + B30 as well as all possible fallback modes with a single antenna is shown in Figure 1.
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Figure 1: architecture supporting the combinations B2 + B5 + B30, B2 + B17 + B30, B2 + B29 + B30, B4 + B5 + B30 and B4 + B17 + B30.

Should the implementation in Figure 1 become a “reference architecture”, it would be possible to achieve consistency between the requirements for 3DL and the 2DL fallback modes (i.e. the relaxations for UEs supporting 3DL should be the same as for UEs supporting all possible 2DL fallback modes only). However, this architecture is only one of many possible, and for Region 2 it may be desired to support combinations of Band 2 + Band 4 in the same device. Then multiple 2DL combinations out of three high bands must be supported by the front-end equipped with a multiplexer or another similar implementation. To this end, it was proposed in [1] to include a note in the table of transmitter and receiver relaxations:
NOTE 4:
In case the UE supports CA configurations of three bands, the above additional tolerances also apply for any supported combination of two bands of the same CA configuration.

which would allow a different (larger for the above case) relaxation for the 2DL fallback modes if the UE supports a 3DL configuration compared to UE(s) that only support the fallback modes. The note may also be needed for e.g. combinations of three high bands. 
The relaxations may have to be increased when the UE supports features of increased complexity. However, the filter performance has improved since Rel-8 days and development is ongoing, on the other hand. This means that the existing 2DL baseline requirements for the fallback modes could – in principle – be tightened, or improved performance could be assumed in later releases. In fact, some modern multiplexers have better performance compared to duplexers designed during the Rel-8 time frame. 
2 Transmitter requirements
2.1 Support of multiple 3DL combinations
The following procedure could be adopted for a UE supporting one or several 3DL configurations:
a) for UE(s) supporting CA inter-band configurations of three bands, e.g. CA_2A-4A-13A, the tolerances ΔTIB,c also apply for any supported combination of two bands of the same CA configuration, e.g. , CA_2A-13A and CA_4A-13A.
This would also cover cases in which the relaxations for 3DL are not consistent with that allowed for another UE only supporting the 2DL (multiple) fallback modes. 
The principle in Item a) is captured as Note 4 in Table 1 below. In some cases, the existing requirements for the 2DL fallback modes can be used together with NOTE3.

Note that the relaxations for the constituent bands of CA_2A-4A-13A can be same as those applicable for a UE supporting multiple combinations of two of the constituent bands. The same would apply for combinations of intra-band and inter-band CA such as CA_2A-2A-13A. For many of the 3DL cases we can therefore rely on the work done for the classes of 2DL combinations (A1-A5).  
Table 1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	0.3

	…
	
	

	CA_2A-4A
	2
	[0.5]

	
	4
	0.5

	CA_2A-5A
	2
	0.3

	
	5
	0.3

	CA_2A-13A
	2
	0.3

	
	13
	0.3

	CA_2A-17A
	2
	0.3

	
	17
	0.8

	CA_2A-29A
	2
	0.3

	CA_2A-30A
	2
	TBD

	
	30
	TBD

	…
	
	

	CA_4A-5A
	4
	0.3

	
	5
	0.3

	
	
	

	CA_4A-13A
	4
	0.3

	
	13
	0.3

	CA_4A-17A
	4
	0.3

	
	17
	0.8

	CA_4A-29A
	4
	0.3

	CA_4A-30A
	2
	TBD

	
	30
	TBD

	…
	
	

	CA_2A_2A_13A
	13
	0.3

	
	2
	0.3

	
	
	

	CA_2A_4A_13A
	13
	0.3

	
	2
	[0.5]

	
	4
	0.5

	
	
	

	CA_2A-17A_30A 
	2
	TBD

	
	17
	TBD

	
	30
	TBD

	
	
	

	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:
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 in Table 6.2.5A-3, 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 in Table 6.2.5A-3 that applies for that operating band among the supported CA configurations
NOTE 4:
In case the UE supports CA configurations of three bands, the above additional tolerances apply for any supported combination of two bands of the same CA configuration.



NOTE4 can also be applicable for multiple 3DL combinations. If combinations such as CA_Bx-By-Bz and CA_Bx-By-Bw are supported by the same UE, the relaxation for the common fallback mode CA_Bx-By would be governed by the largest relaxation allowed for Band x and Band y in the entries for CA_Bx-By-Bz and CA_Bx-By-Bw. 
2.2 Relation to requirement for 2DL configurations
In principle, the proposed NOTE4 for 3DL configurations above could also allow for a lower relaxation for 2DL fallback modes compared to that governed by the existing 2DL configurations and the note

NOTE 3:
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 in Table 6.2.5A-3, 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 in Table 6.2.5A-3 that applies for that operating band among the supported CA configurations

if the constituent bands are “easy”: for a UE that supports the configuration CA_Bx-By-Bz, the relaxations for entries for Band “x” and Band “y” could then be lower than those allowed by the existing entry for CA_Bx-By.  However, in many cases, the added filter complexity will result in the converse, such as for the example in Figure 1 if one requires that Band 2 + Band 4 be supported in addition. The latter is also an example of combinations of a “low” band and two “high” bands for which the relaxations according to NOTE3 may not be sufficient.
The improvement in filter technology will allow smaller relaxations and help avoiding excessive relaxations for more complex CA combinations. Some of the requirements for baseline 2DL combinations could perhaps be revisited as a starting point. Actually, the transmitter relaxations for some “easy” low bands could be 0 dB.
3 Proposal
It is proposed to consider the following approach for specifying ΔTIB,c for 3DL inter-band combinations:
a) for UE(s) supporting CA inter-band configurations of three bands, the tolerances also apply for any supported combination of two bands of the same CA configuration.

in order to cover the case in which relaxations for a UE(s) supporting 3DL would not be the same as those for UE(s) supporting all possible 2DL (multiple) fallback modes only. This would also decouple the 3DL combinations from the 2DL classes A1-A5 where needed. 
Improvement in filter technology should also be accounted for making sure that relaxations do not become excessive as the CA complexity increases. 
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