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1 Background
This contribution is a revision of [5].

One of the more controversial items in specifying requirements for 3DL/1UL CA for FDD is the transmitter relaxations. The 2DL fallback modes are assumed to be supported for each 3DL configuration, which means that the UE supports multiple 2DL and 3DL combinations.
But there is hope. A way forward for specifying the transmitter relaxation TIB,c was agreed in [1]. Proposal 1 and Proposal 2 of [1] read
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.

while Proposal 3 concerns an activity to derive relaxations for 2DL and 3DL combinations:
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.

By using the provisions in Proposal 1 and Proposal 2, the TIB,c can be specified for the 3DL CA configurations for which all possible 2DL fallback modes are specified. This is the case for quite a few of the band combinations agreed following RAN#62 listed in Table 1.
Table 1: 3DL inter-band carrier aggregation combinations (Rel-12)
	WI code
	WI title

	LTE_CA_B2_B2_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 2 and Band 1

	LTE_CA_B2_B4_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 4 and Band 13

	LTE_CA_B2_B5_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 30

	LTE_CA_B2_B12_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 30

	LTE_CA_B2_B29_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 29 and Band 30

	LTE_CA_B4_B4_B13
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 4, Band 4 and Band 13

	LTE_CA_B4_B5_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 30

	LTE_CA_B4_B12_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 12 and Band 30

	LTE_CA_B4_B29_B30
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 29 and Band 30

	LTE_CA_B1_B3_B8
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 8

	LTE_CA_B1_B5_B7
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 5 and Band 7

	LTE_CA_B2_B4_B5
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 4 and Band 5

	LTE_CA_B2_B4_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 4 and Band 12

	LTE_CA_B2_B5_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 5 and Band 12

	LTE_CA_B2_B12_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 2, Band 12 and Band 12

	LTE_CA_B3_B7_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 3, Band 7 and Band 20

	LTE_CA_B3_B8_B27
	LTE Advanced 3 band Carrier Aggregation (3DL/1UL) for Band 3, Band 8 and Band 27

	LTE_CA_B4_B5_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 5 and Band 12

	LTE_CA_B4_B12_B12
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 4, Band 12 and Band 12

	LTE_CA_B1_B3_B5
	LTE Advanced 3 Band Carrier Aggregation(3DL/1UL) for Band 1, Band 3 and Band 5

	LTE_CA_B1_B3_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 3 and Band 20

	LTE_CA_B1_B7_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 1, Band 7 and Band 20

	LTE_CA_B7_B8_B20
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) for Band 7, Band 8 and Band 20


In this contribution we propose that the way forward agreed in [1] is used for specifying the relaxations for the combinations for which the 2DL fallback modes are specified. This is also asserted in [2].
2 Following the agreed way forward
We first look at two examples and then later provide a full table with the combination that can be specified.
CA_2A-2A-13A is a combination of intra-band non-contiguous and inter-band CA. This can be specified by using the values for the fallback mode CA_2A-13A (Proposal 1).
The combination CA_2A-5A-12A is more challenging: this combination 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 to find that the relaxation allowed for Band 5 will decrease from 0.8 dB to 0.5 dB (Proposal 2).

Table 2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-5A
	1
	0.3

	
	5
	0.3

	CA_1A-8A
	1
	0.3

	
	8
	0.3

	CA_1A-18A
	1
	0.3

	
	18
	0.3

	CA_1A-19A
	1
	0.3

	
	19
	0.3

	CA_1A-21A
	1
	0.3

	
	21
	0.3

	CA_1A-26A
	1
	0.3

	
	26
	0.3

	CA_2A-4A
	2
	[0.5]

	
	4
	0.5

	CA_2A-5A
	2
	0.3

	
	5
	0.3

	CA_2A-12A
	2
	0.3

	
	12
	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_3A-5A
	3
	0.3

	
	5
	0.3

	CA_3A-7A
	3
	0.5

	
	7
	0.5

	CA_3A-8A
	3
	0.3

	
	8
	0.3

	CA_3A-19A
	3
	0.3

	
	19
	0.3

	CA_3A-20A
	3
	0.3

	
	20
	0.3

	CA_3A-26A
	3
	0.3

	CA_3A-28A
	3
	0.3

	
	28
	0.3

	CA_4A-5A
	4
	0.3

	
	5
	0.3

	CA_4A-7A
	4
	0.5

	
	7
	0.5

	CA_4A-12A
	4
	0.3

	
	12
	0.8

	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_5A-7A
	5
	0.3

	
	7
	0.3

	CA_5A-12A
	5
	0.8

	
	12
	0.4

	CA_5A-17A
	5
	0.8

	
	17
	0.4

	CA_5A-25A
	5
	0.3

	
	25
	0.3

	CA_7A-20A
	7
	0.3

	
	20
	0.3

	CA_7A-28A
	7
	0.3

	
	28
	0.3

	CA_8A-20A
	8
	0.4

	
	20
	0.4

	CA_11A-18A
	11
	0.3

	
	18
	0.3

	CA_12A-25A
	12
	0.3

	
	25
	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-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 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 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


There is certainly development in the filter technology, but for some configuration like CA_2A-5A-12A, band-specific exceptions may have to be allowed as we shall see next.

3 Difficult cases

How to treat “difficult cases”?

Yet again we pick an example of combinations including Band 30, which is not an “easy” band (see also discussion in [3]).  A front end architecture 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 1.
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Figure 1: architecture supporting the combinations B2 + B5 + B30, B2 + B12 + B30, B2 + B29 + B30, B4 + B5 + B30 and B4 + B12 + 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 the 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. This may increase the insertion loss, particularly since Band 30 is a difficult band. What to do?
In order to achieve consistency between 3DL- and 2DL-modes, one way is include a note in Table 2

NOTE 4:
The above additional tolerances also apply for any supported combination of two of the bands of the CA configuration.

for each exception as discussed in [4]. For these exceptions, the relaxations for the 2DL fallback configurations follow from the 3DL configurations, not the converse (compare Proposal 1 above). Band 5 in the CA_2A-5A-12A configuration could then be allowed a higher relaxation than that following from Proposal 2.
4 Proposal

Following Proposal 1 and Proposal 2 of [1], it is proposed that the ΔTIB,c be specified as given in Table 2 below for the applicable 3DL/1UL CA configurations. Some combinations like CA_2A-5A-12A may require further study: values are put in between square brackets.
The corresponding ΔRIB,c follows in a similar way. It is noted that once the general receiver requirements are specified for 3DL/1UL, the work items for the configurations listed below can be completed.
It is also proposed that NOTE 3 in Table 6.2.5-2 of 36.101 is modified not to cover support of multiple E-UTRA CA configurations of three DL bands (the text in the table below provided as an example and may not be the final specification text). An additional note (NOTE 4) is also inserted to this end.
Table 2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_1A-5A
	1
	0.3

	
	5
	0.3

	CA_1A-8A
	1
	0.3

	
	8
	0.3

	CA_1A-18A
	1
	0.3

	
	18
	0.3

	CA_1A-19A
	1
	0.3

	
	19
	0.3

	CA_1A-21A
	1
	0.3

	
	21
	0.3

	CA_1A-26A
	1
	0.3

	
	26
	0.3

	CA_2A-4A
	2
	[0.5]

	
	4
	0.5

	CA_2A-5A
	2
	0.3


	
	5
	0.3

	CA_2A-12A
	2
	0.3

	
	12
	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_3A-5A
	3
	0.3

	
	5
	0.3

	CA_3A-7A
	3
	0.5

	
	7
	0.5

	CA_3A-8A
	3
	0.3

	
	8
	0.3

	CA_3A-19A
	3
	0.3

	
	19
	0.3

	CA_3A-20A
	3
	0.3

	
	20
	0.3

	CA_3A-26A
	3
	0.3

	CA_3A-28A
	3
	0.3

	
	28
	0.3

	CA_4A-5A
	4
	0.3

	
	5
	0.3

	CA_4A-7A
	4
	0.5

	
	7
	0.5

	CA_4A-12A
	4
	0.3

	
	12
	0.8

	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_5A-7A
	5
	0.3

	
	7
	0.3

	CA_5A-12A
	5
	0.8

	
	12
	0.4

	CA_5A-17A
	5
	0.8

	
	17
	0.4

	CA_5A-25A
	5
	0.3

	
	25
	0.3

	CA_7A-20A
	7
	0.3

	
	20
	0.3

	CA_7A-28A
	7
	0.3

	
	28
	0.3

	CA_8A-20A
	8
	0.4

	
	20
	0.4

	CA_11A-18A
	11
	0.3

	
	18
	0.3

	CA_12A-25A
	12
	0.3

	
	25
	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_4A-4A-13A
	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
	[0.5]

	
	12
	[0.3]

	CA_2A-12A-12A
	2
	0.3

	
	12
	0.3

	CA_3A-7A-20A
	3
	0.5

	
	7
	0.5

	
	20
	0.3

	CA_4A-5A-12A
	4
	0.3

	
	5
	0.5

	
	12
	0.8

	CA_4A-12A-12A
	4
	0.3

	
	12
	0.8

	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:
Requirements for UEs supporting multiple configurations of three component carriers are FFS.



5 References

1. R4-137152, “Wayforward on TX and RX requirements for 3DL/1UL FDD carrier aggregation”, Telecom Italia, Orange, Deutsche Telekom, Broadcom, AT&T, Nokia, NTT DoCoMo, Intel
2. R4-136249, “Tx and Rx relaxations for 3DL/1UL FDD carrier aggregation”, Qualcomm Incorporated

3. R4-136576, “More on the transmitter requirements for 3DL CA (FDD)”, Ericsson
4. R4-135285, “Transmitter requirements for UE(s) supporting 3DL inter-band CA”, Ericsson
5. R4-140929, “Transmitter requirements for 3DL/1UL FDD following the agreed way forward”, Ericsson
