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1 Background
In order to specify TX requirements for the some of the agreed 3DL/1UL FDD combinations, it was proposed [1] that the way forward agreed in [2] be used for specifying the relaxations for 3DL combinations for which the 2DL fallback modes are specified. Once the general receiver requirements are specified for 3DL/1UL FDD, then the work items for these 3DL configurations listed below could be completed – in principle. However, RAN4#70 decided to take a step back from the way forward due to the requirements resulting for some of the 3DL combinations for which the average of 2DL requirements should be applied.
According to the agreed way forward, 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. We then use the relaxations specified for CA_2A-5A, CA_2A-12A and CA_5A-12A (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 averaging (Proposal 2). The problem occurs for UEs supporting all of the said 2DL combinations but not the 3DL combination, the relaxation for Band 5 is reduced to 0.5 dB.
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 […]


The main problem is that the relaxation allowed for each 3DL combinations should follow from its 2DL fallback modes and not the converse. While not impossible for many 3DL combinations implemented with diplexers, it is problematic for combinations that require multiplexers. 
In this contribution we propose to specify TIB,c and RIB,c  for each 3DL combination in a band-specific manner and allow the same relaxation when the 2DL fallback modes are configured.
2 3DL band-combination specific requirements
We begin with an example of the B1 + B3 + B7 combination implemented by means of a multiplexer with FBAR technology; the B1 + B3 combination is difficult without FBAR unless significant operational conditions are imposed. Figure 1 shows the insertion loss for B7 TX at 25C for duplexer and multiplexer implementations: a B7 duplexer (green), a B1 + B7 quadplexer (brown),  a B3 + B7 quadplexer (pink) and a B1 + B3 + B7 hexplexer (red) in order of increasing IL.
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Figure 1: IL for B7 TX for a B7 duplexer, a B1 + B7 quadplexer, a B3 + B7 quadplexer and a B1 + B3 + B7 hexplexer in order of increasing IL.
The corresponding results for B7 RX are shown in Figure 2 with the duplexers and multiplexers in the same order as in Figure 1. 
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Figure 2: IL for B7 RX for a B7 duplexer, a B1 + B7 quadplexer, a B3 + B7 quadplexer and a B1 + B3 + B7 hexplexer in order of increasing IL.

The hexplexer allows implementation of the 3DL combination and all its 2DL fallback modes, but has the highest IL for each filter needs to meet stop-band requirements for two other bands in addition to its own TX/RX. Moreover, the duplexers and multiplexers above also allow sufficient rejection at the 2.4 GHz and 5 GHz WLAN bands, a common side condition. A hexplexer is not the only possible implementation, but the requirements should be specified such that it is a possible implementation for the case above. The example demonstrates that deriving the allowed relaxations for CA_1A-3A-7A by adopting the relaxations for the 2DL fallback modes implemented with quadplexers would be challenging. Combinations of quadplexers might also work, but may also be at the expense of impaired performance. Clearly, the relaxtion allowed when operating in 2DL fallback-mode should be based on those allowed for 3DL operation rather than the converse.
Turning then to general combinations, we first note that diplexers are often suitable for combinations of low and high bands. However, the relaxation for each band should be based on taking the maximum allowed relaxation among the 2DL fallback modes also for the low band rather than the average. Hence, for the problematic CA_2A-5A-12A, this would allow an implementation using a B5 + B12 multiplexer and an antenna diplexer without additional design constraints – such a diplexer may also be used in another UE implementation supporting CA_5A-12A but not combinations with B2, the relaxation for Band 5 should be the same for these different UE(s). 
For combinations of a low band (< 1 GHz) and two high bands (> 1.7 GHz) of type L1 + H1 + H2 and combinations of two low bands and a high bands of type L1 + L2 + H1, we propose that
1. the relaxations for constituent bands are derived by taking the maximum of the relaxation for the L1/L2 + H1/H2 combination if class A1/A2 and that for the L1 + L2 and H1 + H2 of class A5

2. relaxations for constituent bands in combinations involving L1/L2 + H1/H2 of class A5 are derived on a case-by-case basis (band combination specific)
3. the allowed relaxation for a constituent band is the same in any fallback mode (2DL or non-CA). 
For UE(s) supporting CA_2A-5A-12A, this means that the relaxation TIB,c for Band 5 is always 0.8 dB regardless of operating mode. Taking the maximum is also technically reasonable since switches have fewer throws when an antenna diplexer is used.

Relaxations for combinations of non-contiguous (or contiguous) intra-band and inter-band CA are straightforward and can be derived from the 2DL modes: e.g. CA_2A-2A-13A can be specified by using the values for the fallback mode CA_2A-13A. 

Next we consider combinations of three high bands above 1.5 GHz (down to B11), such as the B1 + B3 + B7 above, and combinations of three low bands below 1.5 GHz (up to B21) and propose that
1. relaxations for constituent bands are derived on a case-by-case basis (band-combination specific) not based on relaxations for the 2DL fallback modes;
2. the allowed relaxation for a constituent band is the same in any fallback mode (2DL or non-CA). 

For UE(s) supporting multiple 2DL and 3 DL combinations, we propose that
1. relaxations for a constituent band common for several combinations is the maximum allowed among these combinations
In general, we thus propose that the relaxation allowed for a given band when operating in 2DL fallback or non-CA mode is based on the relaxation for the supported 3DL combination(s). The latter is derived in a band-combination specific way or is based on the relaxations for the 2DL fallback modes (for low-high combinations with diplexers).
Some exceptions to the above may still have to be accommodated for UE(s) supporting combinations of type  L + H1 + H2, L + H1 + H3 and H2 + H3: the relaxations for the 3DL combinations of low-high type would be based on their 2DL fallback modes according to the rule above, but yet a H1 + H2 + H3 hexplexer or similar may be needed for supporting  all combinations. An example is given next. 
3 Supporting multiple combinations: difficult cases
We pick our favourite example of combinations including Band 30, which is not an “easy” band in itself due to coexistence requirements. A front-end architecture for a UE supporting the combinations B2 + B5 + B30, B2 + B12 + B30, B2 + B29 + B30, B4 + B5 + B30 and B4 + B12 + B30 as well as all possible fallback modes with a single antenna is shown in Figure 3.
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Figure 3: architecture supporting the combinations B2 + B5 + B30, B2 + B12 + B30, B2 + B29 + B30, B4 + B5 + B30 and B4 + B12 + B30.

For Region 2 it may be desired to support combinations of B2 + B4 in the same device. Then multiple 2DL combinations out of three high bands must be supported by our UE, and the front-end above replaced by one equipped with a Band 2 + Band 4 + B30 hexplexer (or another similar implementation). This would increase the insertion loss for all the low-high combinations supported. 
Figure 4 shows the insertion loss for B30 TX at 25C for duplexer and multiplexer implementations: a B30 duplexer (green), a B2 + B30 quadplexer (brown), a B4 + B30 quadplexer (pink) and a B2 + B4 + B30 hexplexer (red) in order of increasing IL. Clearly, the IL increases with the multiplexer complexity. In order to support B2 + B4 by the same device, the relaxation allowed for B30 in the low-high combination B2 + B5 + B30 should be based on the B2 + B4 + B30 hexplexer rather than the B2 + B30 quadplexer. 
In general, exceptions to the rule proposed in Section 2 for deriving the relaxations for combinations of the type L + H1 + H2 and L + H1 + H3 may have to be allowed if support of the combination H2 + H3 is expected in addition; the relaxations for these 3DL combinations could then be based on the H1 + H2 + H3 combination even if support of this combination is not indicated by the UE.
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Figure 4: IL for B30 TX for a B30 duplexer, a B2 + B30 quadplexer, a B4 + B30 quadplexer and a B2 + B4 + B30 hexplexer in order of increasing IL.
4 Proposal

We make the following proposals.
For combinations of a low band (< 1 GHz) and two high bands (> 1.7 GHz) of type L1 + H1 + H2 and combinations of two low bands and a high bands of type L1 + L2 + H1,
1. the relaxations for constituent bands are derived by taking the maximum of the relaxation for the L1/L2 + H1/H2 combination if class A1/A2 and that for the L1 + L2 and H1 + H2 of class A5

2. the relaxations for constituent bands in combinations involving L1/L2 + H1/H2 of class A5 are derived on a case-by-case basis (band combination specific)

3. the allowed relaxation for a constituent band is the same in any fallback mode (2DL or non-CA). 
Exceptions may have to be accommodated for combinations of the type L + H1 + H2 and L + H1 + H3 if support of the combination H2 + H3 by the same UE is expected in addition. 

For combinations of three high bands above 1.5 GHz (down to B11), such as the B1 + B3 + B7 above, and combinations of three low bands below 1.5 GHz (up to B21),
1. the relaxations for constituent bands are derived on a case-by-case basis (band-combination specific), but not based on relaxations for the 2DL fallback modes;
2. the allowed relaxation for a constituent band is the same in any fallback mode (2DL or non-CA). 
For UE(s) supporting multiple 2DL and 3 DL combinations, 

1. the relaxations for a constituent band common for several combinations is the maximum allowed among these combinations.
We thus propose that the relaxations allowed for supported 2DL fallback combinations are based on the relaxation for the supported 3DL combination(s). This can be captured by a note in the table of relaxations as shown in Table 2 (NOTE 4) that also includes requirements for some low-high combinations:
Table 2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-5A
	1
	0.3

	
	5
	0.3

	CA_19A-21A
	19
	0.3

	
	21
	0.4

	…
	…
	…

	CA_23A-29A
	23
	0.3

	CA_2A-2A-13A
	2
	0.3

	
	13
	0.3

	CA_2A-4A-13A
	2
	[0.5]

	
	4
	0.5

	
	13
	0.3

	CA_4A-4A-13A
	4
	0.3

	
	13
	0.3

	CA_2A-4A-5A
	2
	[0.5]

	
	4
	0.5

	
	5
	0.3

	CA_2A-4A-12A
	2
	[0.5]

	
	4
	0.5

	
	12
	0.8

	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 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:
The following applies for band combinations of two operating bands: 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:
for band combinations of three operating bands, the tolerances also apply for any supported combination of two of the bands of the CA configuration.



It is remarked that NOTE 3 may have be changed in order to resolve the problem with the averaging for constituent bands below 1 GHz. 

In [3] we provide a TP for 36.853 with proposed TX requirements for some combinations that are straightforward following the proposal above.
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