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1. Introduction

At RAN4#68, [1] and [2] were presented in an effort to promote a common understanding on how requirements for 3DL/1UL inter-band CA combinations could be defined efficiently.  It was suggested that the 3DL/1UL combinations should be built on top of existing 2DL inter-band and intra-band cases and that agreements already reached should be leveraged.
2. Discussion

2.1. UE architecture

We observe 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.  For example, Band 2 + Band 5 + Band 30 [3] could be treated in this manner.  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).  An example of this configuration is Band 2 + Band 2 + Band 13 [4].  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.

Lastly, in the case of 3DL intra-band CA, such as in Band 41 [5], there is not an explicit need for diplexing or quadplexer since all three carriers are contained within the same band and therefore are passed through the same duplexer or filter.  

Insertion loss relaxations

Rather than restarting a new discussion on treatment of Tx and Rx relaxations for CA, we propose to leverage the agreements that were made for 2DL CA as much as possible towards 3DL CA specifications.  In particular, we focus on the agreements for relaxations provided for devices supporting multiple CA configurations having the most commonality with 3DL CA.  Since these were agreed after long discussion by both operators and vendors alike, these agreements identify the small region of intersection in acceptability and compromise among all parties.  

Recall that we have the following rules and specifications for allowed relaxation 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.
The important observation to make here is if agreement can be made on this approach of leveraging the agreements on 2DL CA, then the incremental work for 3DL is small.  The same work exists to investigate quadplexer performance and to allocate the appropriate relaxations for the constituent 2DL combinations (as for any 2DL combination requiring quadplexers), but minimal additional work is required to then determine the requirements for the 3DL configuration.  More importantly, the incremental work for 3DL CA is deterministic and not subject to lengthy discussion (i.e., a max function or an average function).  
3. Conclusion
We propose that the agreements for Tx and Rx relaxation for 2DL CA in the context of UE's supporting multiple band combinations are carried over for 3DL CA.  In principle, we propose

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.
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