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1 Background
In these contribution we consider outstanding issues regarding specification of TIB,c  for a UE supporting one or several 3DL/1UL combinations.
2 Deriving relaxations for 3DL combinations using specified 2DL combinations

The first issue is the derivation of the requirements for 3DL combinations. According to the way forward in [1], the relaxations TIB,c for 3DL combinations should follow from those specified for the 2DL fallback combinations: 

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.

This is problematic for combinations like CA_2A-5A-12A that requires a multiplexer for the low bands, both of which are below 1 GHz. The fallback combinations CA_2A-5A, CA_2A-12A and CA_5A-12A would then also be mandated, whence we use the relaxations specified for these (reproduced in Table 1 below) to find that the relaxation allowed for Band 5 will decrease from 0.8 dB to 0.5 dB due to the averaging (Proposal 2). This is not technically sound; the relaxation should not be less for a UE supporting a more complex band combination.
Table 1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-5A
	2
	0.3

	
	5
	0.3

	CA_2A-12A
	2
	0.3

	
	12
	0.3

	CA_5A-12A
	5
	0.8

	
	12
	0.4

	CA_2A-5A-12A
	2
	0.3

	
	5
	0.5

	
	12
	0.3

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands […]


In Figure 1 we show a front-end architecture that support two- and three-band combinations of Band 2, Band 5 and Band 12 (left-hand side) and another that supports the Band (5 + 12) combination only (right-hand side). Both of these architectures can support CA_5A-12A; the allowed relaxations for Band 5 and Band 12 are then 0.8 dB and 0.4 dB, respectively. 
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Figure 1: two UE architectures supporting Band (5 + 12).
The architecture on the left-hand side can also support multiple configurations: if the UE indicates support of CA_5A-2A and CA_12A-2A in addition to CA_5A-12A in its UE capability, then the allowed relaxations for Band 5 and Band 12 are decreased. The same holds if the UE also supports the three-band combination CA_2A-5A-12A since this follows from the relaxations for the 2DL-combinations. 

The insertion loss will not decrease when an antenna diplexer is introduced to allow support of multiple combinations, the insertion losses for the two architectures in Figure 1 are comparable at best (the insertion loss of the antenna diplexer is compensated to some extent for by the smaller switches). Moreover, the specifications should allow use of the same architecture for supporting all band combinations and modes of operation, e.g. it is not likely that different filter arrangements will be used for Band 5 component carriers depending on the mode of operation. The relaxation should be set according to band combination requiring the most complex filter arrangement with the highest insertion loss, this regardless of the carrier frequency.
For a UE supporting the configurations CA_2A-5A, CA_2A-12A and CA_5A-12A, the relaxation for Band 5 should therefore be the maximum of the relaxation allowed for Band 5 among these configurations. If CA_2A-5A-12A is supported in addition, the relaxation for Band 5 should at least be the maximum as shown in the table below. 
Table 1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_2A-5A
	2
	0.3

	
	5
	0.3

	CA_2A-12A
	2
	0.3

	
	12
	0.3

	CA_5A-12A
	5
	0.8

	
	12
	0.4

	CA_2A-5A-12A
	2
	0.3

	
	5
	0.8

	
	12
	0.4

	NOTE 1:
The above additional tolerances are only applicable for the E-UTRA operating bands […]


For 3DL combinations, the problem is that the relaxation should follow from its 2DL fallback modes and not the converse. For some 3DL combinations the maximum of the 2DL relaxations would work, but this should not be the rule. The UE supporting Band 2, Band 5 and Band 12 will also support Band 4: the problem for CA_2A-5A-12A is the same for CA_4A-5A-12A. Furthermore, this UE would most likely support CA_2A-4A in addition. Hence, a derivation of the relaxations for CA_2A-5A-12A and CA_4A-5A-12A should not only consider the fallback modes of these, but also other band combination across the configurations since configurations like CA_2A-4A. 

The relaxations for 3DL combinations should instead be derived in a band-combination specific manner to include region specific combinations; the way forward in [1] should be abandoned. The relaxation for the bands of a three-band combination should not be less than that allowed for its two-band fallback modes; the relaxation for Band 5 in CA_2A-5A-12A should be larger than or equal to that allowed by CA_5A-12A.
3 Support of multiple combinations
Next, for UEs supporting multiple band combinations of up to three bands, the relaxation for a constituent band that is part of several of these combinations should be determined by the maximum relaxation allowed among these. This should also apply regardless of the mode of operation; in any fallback mode, any supported two-band configuration or for non-CA operation. 
From the above it follows that the relaxation allowed for a 2DL-fallback mode is determined by the 3DL-combination: if the UE support CA_XA-YA-ZA, the relaxation for Band X and Band Y are determined from this combination also when configured for CA_XA-YA and not by the relaxation allowed for CA_XA-YA for a UE only supporting two-band combinations (this can easily be generalized to cases of more than three bands). Furthermore, for the UE supporting CA_2A-5A-12A, CA_2A-5A-12A and CA_2A-4A, for example, it follows that the relaxation for Band 4 would be determined by CA_2A-4A (allows 0.5 dB). This would also be applicable for Band 4 when the UE is configured for CA_4A-12A (allows 0.3 dB for Band 4 if CA_2A-4A not supported). This allows use of the same RF path for Band 4 regardless of operation.
For inter-band CA, it is proposed to split the tables for ΔTIB,c in 36.101 according to the number of bands of the CA configurations. While this is good for overview and maintenance, it complicates the notes of the tables if there are dependencies between tables. In order to accommodate the proposed rule above that is independent of the number of bands, it is proposed to put the provisions for UEs supporting multiple combinations outside (and after) the tables. The NOTE 2 of Table 6.2.5-2 can then be deleted, which also removes the problematic averaging for bands < 1 GHz. Moreover, NOTE 1 of the table of two-band combinations should also refer to the table of three-band combinations: if a band is also part of a supported three-band combination other requirements may apply for the two-band combinations as explained above.
This could look as follows in 36.101:
For the UE which supports inter-band carrier aggregation configurations with uplink assigned to one E-UTRA band the ΔTIB,c is defined for applicable bands in Table 6.2.5-2 and Table 6.2.5-2a. 
Table 6.2.5-2: ΔTIB,c (two bands)
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-5A
	1
	0.3

	
	5
	0.3

	…
	
	

	CA_39A-41A
	39
	04

	
	41
	04

	NOTE 1:
The above additional tolerances are only applicable for E-UTRA operating bands that belong to supported inter-band carrier aggregation configurations that are band combinations of two operating bands. Other requirements may apply for these configurations if the said operating bands are also part of a supported band combination of more than two operating bands (Table 6.2.5-2a).
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:
Void


NOTE 4:
Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.


< text omitted >

Table 6.2.5-2a: ΔTIB,c (three bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-19A-21A
	1
	0.3

	
	19
	0.3

	
	21
	0.4

	…
	
	

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


For a UE supporting multiple band combinations of up to three bands, the additional tolerance applicable for an E-UTRA band part of more than one supported combination is the maximum of the ΔTIB,c specified in Table 6.2.5-2 and 6.2.5-2a for this band among supported combinations. This additional tolerance also applies for the band when part of any supported configuration that is a band combination of two bands or if used in non-aggregated operation.
Note that the last paragraph also means that the relaxation for Band 3 in CA_3C-7A would be determined by CA_XA-3A-YA if the relaxation for Band 3 in the latter is larger, hence independent of CA Bandwidth Class. The entries in the tables could in fact be replaced by “CA bands”, and we would find use for this notion also in the UE specification.
4 How to reduce relaxations?

If the maximum relaxation among supported band combinations is always applied for a band, the relaxations will increase for bands < 1 GHz. This can be compensating for by trying to reduce the allowed relaxations for each CA configurations. These are often determined by provisional data from filter vendors. Some of these data are clearly outliers but are still allowed to be included and thus increase the average. Removing outliers could be a way to reduce the allowed relaxations. This also requires that all filter data is determined using the same prerequisites (e.g. with all required stop-band attenuation accounted for, which has not always been the case).
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