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1. Introduction

Work items to define specifications for 3DL carrier aggregation have been agreed for completion in the Rel-12 timeframe.  Further, it may be expected that additional 3DL CA work items will be proposed and agreed in the meantime.  This contribution proposes a simple and efficient way to define the specifications for many of these 3DL combinations.  In fact, all of the currently agreed 3DL CA work items can be handled in this manner.  The main idea behind this approach is that no additional relaxations are to be allowed for 3DL combination above which are already allowed for 2DL combinations.  There are other combinations which may come in the future, specifically those requiring hexaplexers, that may not be able to benefit from this approach.  There may also be challenges with devices which support multiple 3DL combinations.  Those will have to be treated individually as we learn more about the expected performance of hexaplexers.  

This contribution describes in detail the approach, provides examples, and illustrates the necessary changes to the specification.  

2. Discussion

It has been proposed in previous contributions [1], [2] that for many 3DL CA configurations, the relaxations agreed during the discussions for multi-combo 2DL CA can be reused.  If this principle can be agreed, then the work for 3DL CA configurations meeting this criteria can be significantly streamlined.  To more thoughtfully explore this proposal, we answer the following questions.  
1. What agreement is being proposed to be extended to 3DL CA?

2. Which CA configurations can take advantage of this proposal?

3. How are other CA configurations to be treated?

2.1. Existing specifications
The existing specifications in TS36.101 define maximum output power and reference sensitivity relaxations (TIB and RIB) for UE's supporting 1UL/2DL inter-band CA configurations.  We highlight the following

· These relaxations are allowed when the UE is operating in a CA mode as well as when the UE is operating in single carrier mode on one of the bands making up the CA configuration since the additional insertion losses in the RF front-end are always present regardless of the mode of operation of the device.  
· Furthermore, for the UE that supports multiple 1UL/2DL inter-band CA configurations, for the band that belongs to more than one CA configuration, a set of rules has been defined to determine the relaxation allowed for that band.  These rules allow either an average value of relaxation or the maximum value of relaxation for the band among the relaxations allowed for that band in all of the CA configurations that it is a part of.  

· Lastly, the relaxations also apply to UTRA bands, unless the band is below 1 GHz and the UE supports only low/high combinations.  
The relaxations specified adhere to a "shared-pain" principle whereby the additional insertion loss associated with the diplexer/quadplexer or other combining element is allocated only partially as a relaxation and is partially expected to be absorbed in the implementation margin of the device.  

We propose to leverage and adopt where possible these same rules and specifications for 1UL/3DL CA configurations.  Consider a 3DL CA configuration consisting of Band A + Band B + Band C.  Further, assume that Band A is a low band with carrier frequency below 1 GHz, and Band B and Band C are high bands each with carrier frequencies above 1.7 GHz.  For this 3-band combination, the 2DL configurations must also be defined and must be supported by the UE.  Thus, the UE must also support the 2DL combinations Band A + Band B, Band A + Band C, and Band B + Band C since the UE must be able to operate in fall-back mode should one of the 3DL carriers be deactivated.  Thus, by definition, the UE supports multiple 2DL combinations so the rules described above already apply!  The question that remains is whether 3DL CA requires additional relaxation on top of those which already apply by virtue of the fact that the UE must support the multiple 2DL combinations as a part of 3DL CA.  In many cases, we believe that no additional relaxation is needed on top of the existing TIB and RIB.
As another example, consider the aggregation between a CC in Band D and two intra-band contiguous CC's in Band E.  In this case, the UE must be able to support inter-band CA between Band D + Band E, as well as intra-band contiguous or non-contiguous CA in Band E.  In this example, according to the existing specifications, we already know the TIB and RIB as it is given by the allowed relaxation for the Band D + Band E combination.  Note that these relaxations from Band D + Band E also apply for intra-band CA in Band E as shown in the Pcmax,c equation for intra-band CA where TIB,c is applied per serving cell (i.e., over each of the CC's in the intra-band combination).  For reference sensitivity, the requirements for contiguous intra-band CA are the same as for single carrier where single carrier requirements already include RIB.  For reference sensitivity for non-contiguous intra-band CA, the requirements are the same as for single carrier with a possible additional RIBNC term in the SCC DL depending on the sub-block gap size.  Thus, the same conclusion holds that the relaxations are already applicable and already defined in the specification since the device must also support the 2DL combinations which make up the 3DL CA configuration and in many cases, no further relaxation is needed.
However, it is argued in [3] that it may be possible to instead reduce the relaxation allowed when defining 3DL CA specifications relative to 2DL.  The rationale provided is that component performance improves over time and that it can be expected that by the time 3DL CA devices are commercialized, the insertion losses will have shrunk to allow for smaller relaxations, even zero.  Unfortunately, this hypothesis is flawed because it examines only one aspect of UE evolution over time.  At the same time that component performance and insertion loss may be improving, the overall complexity of the UE and its RF front-end is increasing.  Whereas the first Rel-8 LTE devices in 2009 were single-band-single-mode USB dongles, routers, and CPE, today devices are available which support thirteen LTE bands in addition to UMTS, HSPA, GSM, EDGE, CDMA EV-DO Rev A and B, etc in an elegant smartphone form-factor, dominated in internal volume by the battery.  In the future, we can expect the number of supported bands to further increase as well as support for LTE-A carrier aggregation, DB-DC-HSDPA, MIMO, etc.  Clearly, as time progresses, not only does component performance improve, but the complexity of the RF front-end and therefore the additional required components and their associated insertion losses add up.  Furthermore, while the complexity is increasing, there is an expectation that the power consumption, standby time, talk-time are maintained or improved.  Lastly, the radiated performance of the device is also challenged as the number of other radio systems is increasing, optimum antenna placement becomes more limited, and coupling and interaction between antennas is contributing to degraded performance.  Therefore, it is a fallacy to believe that in the evolution of the UE over time, only component performance will improve and that allowed relaxations can vanish.
2.2. 3DL CA configurations which can leverage 2DL agreements

Many 3DL CA configurations can benefit from the leveraging of the already agreed 2DL agreements as described above.  3DL CA configurations consisting of CC's in 3 bands (L-L-H or L-H-H) can directly leverage the prior agreements.  These include Band 2 + Band 5+ Band 30, Band 2 + Band 17 + Band 30, Band 2 + Band 29 + Band 30, Band 4 + Band 5 + Band 30, Band 4 + Band 17 + Band 30, Band 4 + Band 29 + Band 30, and Band 2 + Band 4 + Band 13.  In practice, of course, some of these combinations do not yet have defined relaxations for the 2DL combination and this is ongoing work.  However, this is the normal procedure and the fact that these are part of a 3DL configuration does not change this.  In other words, the rules are already in place, but the values for some combinations must still be agreed as is normal practice.
For 3DL CA configurations which consist of intra- and inter-band combinations, the existing specification can also be leveraged directly.  Again, the rules are already in place that relaxations allowed because of inter-band combining are inherited by the intra-band carriers.  Therefore, inter-band + intra-band combinations (L-2H, L-2L, H-2L, H-2H where the notation L-2H for example indicates one carrier on a low band and 2 intra-band carriers on a high band) can also directly leverage the prior agreements.  These include Band 2 + Band 2 + Band 13 and Band 4 + Band 4 + Band 13.
Therefore, in our assessment, all existing inter-band 3DL/1UL CA work items can be specified in accordance with the existing rules already defined.  It is only the insertion losses and relaxations associated with pairwise 2DL combinations which must be agreed.

2.3. 3DL CA configurations requiring different approach

It was discussed in [1] that some 3DL CA configurations may not be able to directly leverage the agreements made for 2DL CA.  In particular, it is obvious that combinations of three carriers in three closely spaced bands requiring a hexaplexer (L-L-L or H-H-H) will require additional consideration.  In a related discussion [2], it was also pointed out that some devices which support more than one 3DL CA combination may also be implemented with a multiplexer (likely to be a hexaplexer).  Lastly, it was discussed that specific CA configurations with particular challenges may resort to switched triplexers or other architectures.  Therefore, it is clear that some 3DL CA configurations will need to be treated separately without the benefit of leveraging the existing specifications.  It is expected that the number of these configurations requiring specific attention is limited since it is probable that the insertion losses may be much higher.  For example, depending on the bands to be combined, the insertion loss of a hexaplexer may be significant since the number of degrees of freedom available to the filter designer is significantly reduced due to the increased isolation requirements.  The investigation of the performance of hexaplexers is still underway with component vendors.
UE's supporting multiple 3DL CA combinations are another potential challenge.  In [2], one architecture was shown capable of supporting many 3DL combinations of Band 5, Band 17, and Band 29 with Band 2 and Band 30 or with Band 4 and Band 30.  It was stated, however, that it might be desirable to instead implement an architecture with a hexaplexer covering all high bands (Bands 2, 4, and 30) which would also provide the opportunity to combine Band 2 + Band 4.  We explore this idea further.
The diagram provided in Figure 2 of [2] is regenerated below in Figure 1.  The addition of a switch which was omitted from the original diagram is included since Band 30 is replicated in two quadplexers.  The switch, of course, adds insertion loss of approximately 0.5 dB in addition to the loss of the quadplexers and common diplexer.  The switch is also present in 2DL combinations if a band is shared with more than one combination requiring.  However, this switch and its loss is not accounted for in the currently allowed relaxations.
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Figure 1.  Example UE supporting 3DL CA configurations
It may be desired to add Band 2 + Band 4 as well since this might be a common combination in Region 2.  Further, by adding Band 2 + Band 4 to the high frequency port of the diplexer, it would also be possible to support Band 13 + Band 2 + Band 4 with the addition of Band 13 onto the low port of the diplexer.  One way to do this, as illustrated in Figure 2, would be to insert an additional quadplexer on the high port of the diplexer to combine Band 2 + Band 4.  Due to the duplication of Band 2 and Band 4 across multiple quadplexers, additional switches would be required as well.  Thus, the additional insertion loss for any one band due to CA is approximately the sum of the loss of a switch, a quadplexer, and a common diplexer.  We might assume this loss to be approximately 2 dB for the sake of discussion.
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Figure 2.  Example UE adding support for Band 2+Band 4 and 3DL CA with Band 13.
Another implementation which avoids the need for switches, as suggested in [2] is with a multiplexer; in this case, a hexaplexer.  The hexaplexer would simultaneously combine Band 2, Band 4, and Band 30 into the high port of the diplexer as shown in Figure 3.  This would provide all of the functionality of the previous architecture, and also include the possibility of the 3DL combination of Band 2 + Band 4 + Band 30 if so desired.  While the merits of such an architecture are readily apparent on paper, the challenge lies in the achievable performance of the hexaplexer.  Preliminary discussions with component vendors indicate that such a design might be significantly compromised in isolation and/or insertion loss, if at all feasible.  Therefore, while such a design certainly appears to be more elegant on paper, the overall performance of such a design is yet to be proven and in fact, may be much worse than the more brute-force design shown above.
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Figure 3.  Example UE using hexaplexer to add Band 2 + Band 4 and 3DL CA with Band 13.
It is therefore proposed that the performance tradeoff of hexaplexer designs be further studied.  Those 3DL combinations which require a hexaplexer (L-L-L or H-H-H) or UE's supporting multiple 3DL combinations which might implement a hexaplexer will require further consideration.
2.4. Examples 
Example 1:  Band 2 + Band 4 + Band 13. 

This example represents a low band combined with two high bands.  If the UE supports this 3DL combination, then it must also support the 2 DL combinations of Band 2 + Band 4, Band 2 + Band 13, and Band 4 + Band 13.  The Tx and Rx relaxations have already been agreed for these 2DL combinations; namely, 

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



	CA_2A-4A
	2
	[0.5]

	
	4
	0.5

	CA_2A-13A
	2
	0.3

	
	13
	0.3

	CA_4A-13A
	4
	0.3

	
	13
	0.3


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

	CA_2A-4A
	2
	0.3

	
	4
	0.3

	CA_2A-13A
	2
	0

	
	13
	0

	CA_4A-13A
	4
	0

	
	13
	0


Since the UE supports more than one 2DL combination, then the rules below apply.

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
Band 2 is common to both CA_2A-4A and CA_2A-13A.  Since Band 2 is above 1 GHz, the additional tolerance is the maximum allowed for Band 2 between the two configurations.  In this case, it is the maximum between [0.5] dB and 0.3 dB for TIB and the maximum between 0.3 dB and 0 dB for RIB.  Thus, the allowed relaxation in Band 2 for this device is [0.5] dB TIB and 0.3 dB RIB.  This is based solely on the 2DL combinations that this device supports adhering to the existing specifications already defined today.  
Band 4 is common to both CA_2A-4A and CA_4A-13A.  Since Band 4 is above 1 GHz, the additional tolerance is the maximum allowed for Band 4 between the two configurations.  In this case, it is the maximum between 0.5 dB and 0.3 dB for TIB and the maximum between 0.3 dB and 0 dB for RIB.  Thus, the allowed relaxation in Band 4 for this device is 0.5 dB TIB and 0.3 dB RIB.  This is based solely on the 2DL combinations that this device supports adhering to the existing specifications already defined today.  

Band 13 is common to both CA_2A-13A and CA_4A-13A.  Since Band 13 is below 1 GHz, the additional tolerance is the average allowed for Band 13 between the two configurations.  In this case, for both configurations the TIB is 0.3 dB and the RIB is 0 dB.  Therefore, the allowed relaxation for Band 13 for this device is 0.3 dB TIB and 0 dB RIB. This is based solely on the 2DL combinations that this device supports adhering to the existing specifications already defined today.  
When we aggregate 3DL configuration CA_2A-4A-13A, we propose that the same relaxations that the device is already allowed are specified.  We propose that no additional relaxation is allowed for 3DL above that which has already been specified for 2DL.  Therefore, we have the following relaxations for the 3DL combination

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



	CA_2A-4A-13A
	2
	[0.5]

	
	4
	0.5

	
	13
	0.3


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

	CA_2A-4A-13A
	2
	0.3

	
	4
	0.3

	
	13
	0


Example 2:  Band 4 + Band 4 + Band 13. 

This example represents a low band combined with non-contiguous intra-band CA in a high band.  For this, the UE must also support 2DL inter-band CA_4A-13A and must support NC intra-band CA_4A-4A.  Since the device supports only one inter-band combination with Band 4 (or Band 13), then the RIB and TIB defined for the inter-band combination CA_4A-13A applies.  
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_4A-13A
	4
	0.3

	
	13
	0.3


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

	CA_4A-13A
	4
	0

	
	13
	0


When we aggregate 3DL configuration CA_4A-4A-13A, we propose that the same relaxations that the device is already allowed are specified.  We propose that no additional relaxation is allowed for 3DL above that which has already been specified for 2DL.  Therefore, we have the following relaxations for the 3DL combination

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



	CA_4A-4A-13A
	4
	0.3

	
	13
	0.3


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

	CA_4A-4A-13A
	4
	0

	
	13
	0


Note that while this example was for a combination with non-contiguous intra-band, the same conclusion and result would apply if it were contiguous intra-band instead.
2.5. Changes to the specification
In this section, we illustrated the necessary changes to the specification to include the Tx and Rx relaxations.  The TIB and RIB tables are shown below including entries for all of the existing 3 DL CA work items and 2 DL CA configurations contained within.  Some values, of course, remain as FFS since the specifications have not been proposed or agreed for the 2DL combinations yet.
Table 6.2.5-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB] 



	CA_1A-3A
	1
	FFS

	
	3
	FFS

	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-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
	FFS

	
	30
	FFS

	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

	
	26
	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_4A-30A
	4
	FFS

	
	30
	FFS

	CA_5A-12A
	5
	0.8

	
	12
	0.4

	CA_5A-17A
	5
	0.8

	
	17
	0.4

	CA_7A-20A
	7
	0.3

	
	20
	0.3

	CA_5A-30A
	5
	0.3

	
	30
	0.3

	CA_8A-20A
	8
	0.4

	
	20
	0.4

	CA_11A-18A
	11
	0.3

	
	18
	0.3

	CA_17A-30A
	17
	0.3

	
	30
	0.3

	CA_19A-21A
	19
	0.3

	
	21
	0.4

	CA_23A-29A
	23
	0.3

	CA_29A-30A
	30
	0.3

	CA_1A-3A-5A
	1
	FFS

	
	3
	FFS

	
	5
	0.3

	CA_2A-5A-30A
	2
	FFS

	
	5
	0.3

	
	30
	FFS

	CA_2A-17A-30A
	2
	FFS

	
	17
	0.3

	
	30
	FFS

	CA_2A-29A-30A
	2
	FFS

	
	30
	FFS

	CA_4A-5A-30A
	4
	FFS

	
	5
	0.3

	
	30
	FFS

	CA_4A-17A-30A
	4
	FFS

	
	17
	0.3

	
	30
	FFS

	CA_4A-29A-30A
	4
	FFS

	
	30
	FFS

	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

	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:
The above additional tolerances 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 another band is >1.7GHz and there is no harmonic relationship between the low band UL and high band DL. Otherwise the above additional tolerances also apply to supported UTRA operating bands that correspond to the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations.

NOTE:
To meet the (TIB,c requirements for CA_3A-7A with state-of-the-art technology, an increase in power consumption of the UE may be required. It is also expected that as the state-of-the-art technology evolves in the future, this possible power consumption increase can be reduced or eliminated.
Table 7.3.1-1A: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_1A-3A
	1
	FFS

	
	3
	FFS

	CA_1A-5A
	1
	0

	
	5
	0

	CA_1A-8A
	1
	0

	
	8
	0

	CA_1A-18A
	1
	0

	
	18
	0

	CA_1A-19A
	1
	0

	
	19
	0

	CA_1A-21A
	1
	0

	
	21
	0

	CA_1A-26A
	1
	0

	
	26
	0

	CA_2A-4A
	2
	0.3

	
	4
	0.3

	CA_2A-5A
	2
	0

	
	5
	0

	CA_2A-13A
	2
	0

	
	13
	0

	CA_2A-17A
	2
	0

	
	17
	0.5

	CA_2A-30A
	2
	FFS

	
	30
	FFS

	CA_3A-5A
	3
	0

	
	5
	0

	CA_3A-7A
	3
	0

	
	7
	0

	CA_3A-8A
	3
	0

	
	8
	0

	CA_3A-19A
	3
	0

	
	19
	0

	CA_3A-20A
	3
	0

	
	20
	0

	CA_3A-26A
	3
	0

	
	26
	0

	CA_3A-28A
	3
	0

	
	28
	0

	CA_4A-5A
	4
	0

	
	5
	0

	CA_4A-7A
	4
	0.5

	
	7
	0.5

	CA_4A-12A
	4
	0

	
	12
	0.5

	CA_4A-13A
	4
	0

	
	13
	0

	CA_4A-17A
	4
	0

	
	17
	0.5

	CA_4A-30A
	4
	FFS

	
	30
	FFS

	CA_5A-12A
	5
	0.5

	
	12
	0.3

	CA_5A-17A
	5
	0.5

	
	17
	0.3

	CA_5A-30A
	5
	0

	
	30
	0

	CA_7A-20A
	7
	0

	
	20
	0

	CA_8A-20A
	8
	0

	
	20
	0

	CA_11A-18A
	11
	0

	
	18
	0

	CA_17A-30A
	17
	0

	
	30
	0

	CA_19A-21A
	19
	0

	
	21
	0

	CA_1A-3A-5A
	1
	FFS

	
	3
	FFS

	
	5
	0

	CA_2A-5A-30A
	2
	FFS

	
	5
	0

	
	30
	FFS

	CA_2A-17A-30A
	2
	FFS

	
	17
	0

	
	30
	FFS

	CA_4A-5A-30A
	4
	FFS

	
	5
	0

	
	30
	FFS

	CA_4A-17A-30A
	4
	FFS

	
	17
	0

	
	30
	FFS

	CA_2A-2A-13A
	2
	0

	
	13
	0

	CA_2A-4A-13A
	2
	0.3

	
	4
	0.3

	
	13
	0

	CA_4A-4A-13A
	4
	0

	
	13
	0

	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 intra-band and 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 7.3.1-1A, truncated to one decimal place that would apply 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 7.3.1-1A that would apply for that operating band among the supported CA configurations


NOTE :
The above additional tolerances 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 another band is >1.7GHz and there is no harmonic relationship between the low band UL and high band DL. Otherwise the above additional tolerances also apply to supported UTRA operating bands that correspond to the E-UTRA operating bands that belong to the supported inter-band carrier aggregation configurations.
Table 7.3.1A-0d: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	-98
	-95
	
	
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_4A-29A
	4
	
	
	-100
	-97
	
	
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_23A-29A
	23
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	29
	
	-98.7
	-97
	-94
	
	
	

	CA_29A-30A
	29
	
	
	 -97
	-94 
	
	
	FDD

	
	30
	
	
	FFS
	FFS
	
	
	

	CA_2A-29A-30A
	2
	
	
	FFS
	FFS
	FFS
	FFS
	FDD

	
	29
	
	
	 -97
	-94 
	
	
	

	
	30
	
	
	FFS
	FFS
	
	
	

	CA_4A-29A-30A
	4
	
	
	FFS
	FFS
	FFS
	FFS
	FDD

	
	29
	
	
	 -97
	-94 
	
	
	

	
	30
	
	
	FFS
	FFS
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port


Table 7.3.1A-0e: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	25
	50
	
	
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_4A-29A
	4
	
	
	25
	50
	
	
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_23A-29A
	23
	
	
	25
	50
	75
	100
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_29A-30A
	29
	
	
	N/A
	N/A
	
	
	FDD

	
	30
	
	
	FFS
	FFS
	
	
	

	CA_2A-29A-30A
	2
	
	
	25
	50
	501
	501
	FDD

	
	29
	
	
	N/A
	N/A
	
	
	

	
	30
	
	
	25
	251
	
	
	

	CA_4A-29A-30A
	4
	
	
	25
	50
	75
	100
	FDD

	
	29
	
	
	N/A
	N/A
	
	
	

	
	30
	
	
	25
	251
	
	
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


3. Conclusion
In this contribution, an extensive analysis has been provided to illustrate an efficient method to define 3DL/1UL CA requirements based on existing agreements.  It is noted that by definition, a UE supporting 3DL CA inherently supports multiple 2DL band combinations and therefore rules have already been agreed and defined for how the specifications should be derived.  It is simply proposed in this contribution that these rules are sufficient even for 3DL and that no additional relaxations are needed for many 3DL configurations.  All existing 3DL work items can be handled in this manner.  However, it is also acknowledged that there may be other future 3DL configurations or UE's supporting multiple 3DL combinations that require more specialized consideration, for example, hexaplexers or other multiplexers with switching.  Those combinations would be treated separately and indeed, the performance of such multiplexers is an area of ongoing study, but should not hinder the ability to progress on the simpler CA configurations which do not require their use.  Examples are provided and necessary changes to the specification are illustrated.
The proposals in this contribution are as follows

1. A UE which supports 3DL CA already supports multiple 2DL combinations.  The existing rules for multiple 2DL CA shall apply.

2. For 3DL configurations consisting of CC's in three bands (L-L-H or L-H-H), no additional relaxation is allowed on top of the TIB, RIB already applicable for multiple 2DL CA.

3. For 3DL configurations consisting inter-band + intra-band combinations (L-2H, L-2L, H-2L, H-2H), no additional relaxation is allowed on top of the TIB, RIB already applicable for 2DL CA.  If defined for the constituent non-contiguous intra-band configuration, RIBNC defined for 2DL CA also applies.

4. Some 3DL configurations may require separate additional consideration, for example, L-L-L or H-H-H combinations requiring hexaplexers.  UE supporting multiple 3DL CA configurations may also require further consideration.
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