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1. Introduction

For Rel-12, several work items [1]-[10] were agreed to define CA configurations consisting of three downlink carriers. Due to interest in the industry by various operators, and by the supporting companies, these work items were agreed despite concerns about ever-increasing RAN4 workload in the RF area [11].  Therefore, to be able to successfully complete these work items in a timely manner while maintaining high quality techincal specifications, it is important to first build a common understanding of how the work will be carried out.  In this contribution, we provide our thoughts.  

2. Discussion

In this discussion and in accordance with the way forward agreed in [11] and with all of the agreed 3DL work items, we only consider a single uplink.  Multiple uplink component carriers with 3DL can be addressed as future work in a future release.
Generalized framework

One of the tools employed by RAN4 in the development of the 2DL inter-band CA specifications was the informal definition of CA classes.  The purpose of defining CA classes was to group specific CA configurations with common technical characteristics together and to develop a method for treating each of the CA configurations within the class.  For example, class A1 represents CA configurations consisting of a low band combined with a high band, but without harmonic or intermodulation interference terms.  It was agreed that these CA configurations could be reasonably supported in the UE implementation with a low/high diplexer whose insertion loss was then partially allocated to maximum output power and reference sensitivity relaxations.  In this way, CA configurations belonging to class A1 are easily specified without the need for further evaluation and discussion in RAN4.  Similarly, the A3 class represents high/high or low/low band combinations which are understood to require quadplexers in the UE front end.  Since the quadplexers are unique to each CA configuration, the method for defining the requirements for A3 combinations involves reviewing vendor-supplied data on quadplexer performance and allocating insertion loss accordingly on a case-by-case basis.  While not quite as streamlined as for A1 combinations, the approach for A3 is well understood in a way that the process to derive the specifications is predictable.

At first consideration, it may be reasonable to follow a similar approach for the 3DL CA configurations; that is, to define classes of band combinations with similar technical characteristics and form a generalized framework for each class to derive the specification.  However, upon further thought, it is our opinion that the value of strictly following this approach for 3DL CA configurations is not as compelling compared to the effort required.  As the dimensionality increases for carrier aggregation, it becomes more challenging to carve out meaningful classes.  The number of possiblities, i.e., combinations of low, mid, high frequency bands taken three at a time, combinations of inter-band and intra-band, contiguous and non-contiguous, etc, becomes very large so that the utility of defining classes and generalizing is lost.  Therefore, rather than go through the ordeal of explicitly defining 3DL CA classes, we instead propose to leverage as much as possible the agreements that have already been made for 2DL CA.
UE architecture

In the context of 2DL CA discussions, a formalized UE architecture could not be agreed although the topic was discussed extensively.  It is therefore not likely that a formalized UE architecture for 3DL CA can be agreed either.  Nonetheless, it is instructive to consider the aspects of UE architecture to develop an understanding of how 3DL CA might be supported in the UE and therefore how the specifications could be derived.  The first observation we make is that UE’s supporting 3DL CA will also be required to support 2DL CA as well as single carrier operation; that is, there is no such UE as one that only supports 3DL CA.  Consequently, it is expected that UE’s supporting 3DL CA will be designed incrementally building on top of the design for 2DL CA.  The implication is that a 3DL CA UE is not expected to be architected significantly differently from a 2DL CA UE in general.  A 3DL CA UE is not likely to be designed independently of an existing architecture needed to support 2DL CA.
Given these observations, we propose that a likely UE architecture will be a high/low diplexer in cascade with a quadplexer as shown below.  For example, this architecture could support the 2DL configurations of H1+L1, H1+L2, H1+L3, L2+L3, as well as the 3DL configuration of H1+L2+L3.  
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Figure 1.  Example UE architecture to support some 3DL CA configurations.
In some cases, a hexaplexer may be required instead of a quadplexer where there are three low-bands or three high-bands combined.  To date, none of the agreed 3DL CA work items contain such a configuration, but it can be anticipated that future combinations may.
With this architecture of cascaded diplexer/quadplexer or diplexer/hexaplexer, the UE can support 2DL CA configurations as this is the architecture that has most often been discussed.  This architecture can also support 3DL CA configurations where one of the bands in the CA configuration is on one port of the diplexer and the other two are on the other port of the diplexer.  In the case that the two bands on the other port of the diplexer are inter-band, then they can be combined by a quadplexer.  In the case that the two bands on the other port of the diplexer are intra-band, then they are combined through a single PA and split LNA with separate RF chains (see Figure 6.2.2.1-1 and Figure 6.2.3.1-1 of TR 36.823).  In the case that all three bands are on a common port on the diplexer, then a hexaplexer may be needed if they are all inter-band, or a quadplexer if two of them are intra-band.  Of course, other possible architectures can also be constructed and this discussion is not intended to exclude those.  
Insertion loss relaxations

During the development of 2DL CA specifications, the most hotly contested issue was how to determine the insertion loss associated with a particular band combination and how to allocation that insertion loss to reference sensitivity and maximum output power relaxations.  While some of the same discussions may occur during development of the 3DL CA specifications, it is our strong preference to minimize rediscussion as much as possible.  We therefore propose to leverage the hard-fought agreements that were made for 2DL CA as much as possible towards 3DL CA specifications.  More concretely, based on the discussion above on a cascaded diplexer/quadplexer architecture suitable for supporting both 2DL and 3DL CA, we recognize that such an architecture has already been discussed in the context of 2DL CA for devices supporting multiple CA configurations.
Recall that we have the following rules and specifications for allowed relaxtion using TIB,c as an example
Table 6.2.5A-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-5A
	1
	0.3

	
	5
	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.

We extrapolate these specifications in the context of a 3DL CA UE using a cascaded diplexer/architecture as follows:
The allowed relaxation when the band is below 1 GHz is the average of the allowed relaxation for the diplexer alone and the allowed relaxation for the quadplexer alone, truncated to one decimal place.  When the band is above 1 GHz, the allowed relaxation for the band is the maximum of the allowed relaxation for the diplexer alone and the allowed relaxation for the quadplexer alone.  There is also exception handling in the case where there is a harmonic relationship between uplink and downlink.

As specific examples, we have the following 3DL CA configurations each with single uplink.
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]


	ΔRIB,c  [dB]


	Comment

	CA_2A-17A-30A
	2
	?
	?
	Max (0.3, Quad(B2,B30))

	
	17
	0.3
	0.0
	High/low diplexer only relaxation

	
	30
	?
	?
	Max (0.3, Quad(B2,B30))

	CA_2A-5A-30A
	2
	?
	?
	Max (0.3, Quad(B2,B30))

	
	5
	0.3
	0.0
	High/low diplexer only relaxation

	
	30
	?
	?
	Max (0.3, Quad(B2,B30))

	CA_2A-29A-30A
	2
	?
	?
	Max (0.3, Quad(B2,B30))

	
	29
	N/A
	0.0
	High/low diplexer only relaxation

	
	30
	?
	?
	Max (0.3, Quad(B2,B30))

	CA_4A-17A-30A
	4
	?
	?
	Max (0.3, Quad(B4,B30))

	
	17
	0.3
	0.0
	High/low diplexer only relaxation

	
	30
	?
	?
	Max (0.3, Quad(B4,B30))

	CA_4A-5A-30A
	4
	?
	?
	Max (0.3, Quad(B4,B30))

	
	5
	0.3
	0.0
	High/low diplexer only relaxation

	
	30
	?
	?
	Max (0.3, Quad(B4,B30))

	CA_4A-29A-30A
	4
	?
	?
	Max (0.3, Quad(B4,B30))

	
	29
	N/A
	0.0
	High/low diplexer only relaxation

	
	30
	?
	?
	Max (0.3, Quad(B4,B30))

	CA_2A-4A-13A
	2
	?
	?
	Max (0.3, Quad(B2,B4))

	
	4
	?
	?
	Max (0.3, Quad(B2,B4))

	
	13
	0.3
	0.0
	High/low diplexer only relaxation

	CA_2A-2A-13A
	2
	0.3
	0.0
	Additional RIBNC relaxation for refsens from Table 7.3.1A-3 is added to RIB here.

	
	13
	0.3
	0.0
	High/low diplexer only relaxation

	CA_4A-4A-13A
	4
	0.3
	0.0
	Additional RIBNC relaxation for refsens from Table 7.3.1A-3 is added to RIB here.

	
	13
	0.3
	0.0
	High/low diplexer only relaxation


This table represents a simplification only to illustrate the principle.  The actual implementation in the specification is likely to differ.  In the table, it can be seen that in some cases where the band is subject to the insertion loss of the cascaded diplexer/quadplexer, the previously agreed rules of applying the maximum relaxation for bands above 1 GHz have been applied.  In this example, the notation Max(0.3, Quad(Ba, Bb)) represents the Tx relaxation and indicates that the allowed Tx relaxation should be the maximum between the high/low diplexer relaxation agreed at 0.3 dB and the relaxation from the quadplexer between Band a and Band b.  For the purpose of simplication and illustration, this quadplexer loss is only listed as a single value though it can differ for each band and for Tx compared to Rx.  For the cases with a diplexer combined with a non-contiguous intra-band configuration, the Rx relaxation is zero for the diplexer, but the overall Rx relaxation should be the sum of the diplexer relaxation and any relaxation associated with non-contiguous intra-band operation as detailed in Table 7.3.1A-3 of TS36.101.  Note that the RIB and RIBNC terms are separated since they are distinct and represent different physical attributes with the RIB accounting for insertion loss and the RIBNC accounting for noise and other spurious interference terms.  Tx relaxation TIBNC if it is to be defined for non-contiguous UL CA does not apply here since these specifications only apply to single uplink configurations.
Handling of the Technical Report
For inter-band 2DL CA, all of the band combinations are captured in a single TR 36.851.  For intra-band CA, each band combination has its own separate TR.  One issue regarding 3DL CA is to determine which TR the work should be captured in.  We propose that a single TR, separate from TR 36.851, be maintained for all 3DL CA configurations.  We further propose that the constituent 2DL combinations which may be a part of a 3DL CA work item be captured in the 2DL TR 36.851 for inter-band combinations, or in a separate TR for intra-band combinations to maintain consistency.  
Handling of CR’s

Another issue to be resolved is the handling of CR’s for constituent 2DL CA configurations when they are a part of a 3DL CA work item.  For example, 3DL work item for CA configuration CA_x-y-z may contain within it 2DL CA configurations such as CA_y-z.  It is expected that the work for the 2DL CA configuration may complete before the work for the 3DL CA configuration, so the question to be answered is whether a CR for the 2DL configuration can be agreed and presented for approval before the 3DL configuration is complete.  The benefit of such an approach is that other operators may have a shorter-term interest in the 2DL configuration and would prefer to see it specified without having to wait for completion of the 3DL configuration.  This comes at the cost of increased overhead and maintenance in the specification process.  The amount of benefit depends on the additional time required to complete the 3DL specification after the 2DL has already been completed.  We propose that it is allowed, but not required, to present the 2DL CR’s without waiting for the 3DL specifications to be completed.  We propose to leave this to the discretion of the rapporteur of the work item.
3. Conclusion
We have provided initial discussion points on how the derive specifications for 3DL carrier aggregation configurations.  With the assumption of single uplink only and three downlink CC’s, we propose the following

1. A generalized framework by way of explicitly defining CA classes is not as beneficial for 3DL CA since the number of classes would be large.  Case-by-case treatment is recommended, but with the objective to leverage as much as possible from previous agreements or from other similar CA configurations.
2. Specifications should be derived with consideration that 3DL CA UE’s are likely to be designed incrementally from 2DL CA UE’s since they will be required to support 2DL CA configurations as well.
3. A useful UE architecture to consider for many 3DL configurations consists of a common diplexer cascaded with a quadplexer.  Other variants of this basic architecture may also be required depending on the particular 3DL CA configurations to be supported.

4. Relaxations to reference sensitivity and maximum output power should leverage agreements made in the context of multiple band combination support for 2DL CA.  Examples are provided.

5. A single TR should be generated for 3DL CA configurations.  If there are constituent 2DL CA configurations within a 3DL work item, these should be captured in TR 36.851 for inter-band, or in their own TR for intra-band.
6. CR’s for constituent 2DL CA configurations which are a part of a 3DL work item can be presented either at the time the 2DL specifications are completed, or postponed until the 3DL work is completed.  We propose to leave this to the discretion of the work item rapporteur.
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