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1. Introduction

Including explicit indication that a CA configuration includes uplink CA is a topic that has been discussed for several meetings without agreement.  An approach to add a column to the CA configuration table has been proposed, most recently in [1], but further consideration revealed that such a solution may not be fully accurate.  In this paper, we explain why such an approach may not be accurate and suggest an alternative approach.
2. Discussion

The original motivation for including an explicit designation of uplink CA into the specifications is that it is not straightforward to determine which CA configurations include support for uplink CA and which ones do not.  The fact that UL CA is not supported in a particular CA configuration must be inferred by the lack of specification; for example, it can be inferred that CA_27B does not include uplink CA since for example, the uplink Tx specifications for CA class B have not been defined nor any UE coexistence requirements for CA_27B.  In this context, by "support uplink CA", we mean that the specifications for the uplink configuration have been defined by RAN4 and therefore the specifications support the configuration.  This does not have any bearing on whether a particular device implemented according to the specification must support the uplink CA configuration.
An approach to clarifying which CA configuration support UL CA has been proposed in the past several meetings by adding a column to the table of CA configurations and bandwidth combination sets as shown below in example.

Table 5.6A.1-1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA configuration
	UL CA specified
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_1C
	Yes
	15
	15
	40
	0

	
	
	20
	20
	
	

	CA_3C
	Yes
	5, 10, 15
	20
	40
	0

	
	
	20
	5, 10, 15, 20
	
	

	CA_7C
	Yes
	15
	15
	40
	0

	
	
	20
	20
	
	

	CA_23B
	No
	10
	10
	20
	0

	
	
	5
	15
	
	

	CA_27B
	No
	1.4, 3, 5
	5
	13
	0

	
	
	1.4, 3
	10
	
	

	
	
	5, 10
	1.4, 3
	
	

	CA_38C
	Yes
	15
	15
	40
	0

	
	
	20
	20
	
	

	CA_39C
	Yes
	5, 10, 15
	20
	35
	0

	CA_40C
	Yes
	10
	20
	40
	0

	
	
	15
	15
	
	

	
	
	20
	10, 20
	
	

	CA_41C
	Yes
	10
	20
	40
	0

	
	
	15
	15, 20
	
	

	
	
	20
	10, 15, 20
	
	

	NOTE 1:
The CA configuration refers to an operating band and a CA bandwidth class specified in Table 5.6A-1 (the indexing letter). Absence of a CA bandwidth class for an operating band implies support of all classes.

NOTE 2:
For the supported CC bandwidth combinations, the CC downlink and uplink bandwidths are equal

NOTE 3:   UEs that support Intra-band contiguous CA for a given band, also support non-CA operation for that band.


It was argued that this is an efficient method to represent the information by appending to an existing table in the specification.  By formulating the table in this manner, the DL CA configurations and UL CA configurations are independent; that is, there are no restrictions on which UL CA configurations can be attached to a DL CA configuration given that they are both in the same band combinations, but not necessarily the same CA configuration.  That is, for a CA_41C downlink configuration, the associated uplink can be CA_41A, CA_41B, or CA_41C so long as the uplink configurations are supported; i.e., a "Yes" is in the supported column for CA_41B and CA_41C, each of which are in separate rows of the table.  Moreover, the fact that uplink and downlink are independent is consistent with band and band combination support signalling by the UE as designed by RAN2.  Uplink and downlink are independently signalled by the UE to provide for maximum flexibility in RAN2.

However, therein lies a problem.  In RAN4, the uplink and downlink CA configurations are not truly independent.  CA band combination work items are defined for specific downlink and uplink configurations; for example, most 3DL work items are 3DL/1UL.  Therefore, 3DL/2UL is not supported by the specifications for the CA configuration.  However, that aspect is not well reflected with the approach above.
For example, consider the following hypothetical situation.  Assume that CA_xA-yA has been defined in the specifications for both 1UL and 2UL.  Further, suppose that CA_xA-yA-zA has been defined with only single uplink.  We would then have

	E-UTRA CA configuration
	UL CA specified

	
	

	CA_xA-yA
	Yes

	
	

	CA_xA-yA-zA
	No

	
	

	
	

	
	


From this table, it is well understood that uplink CA is supported for CA_xA-yA, but not for CA_xA-yA-zA.  However, this table also incorrectly indicates that a configuration of 3DL/2UL is also supported with downlink as CA_xA-yA-zA and uplink as CA_xA-yA.  This is because the table does not contain any information relating valid uplink configurations to particular downlink configurations.  However, as RAN4 defines specifications for CA configurations, there are specific uplink and downlink configurations considered.  For example, CA_xA-yA in uplink would have considered transmit intermodulation products falling within the receive bands in Band x and Band y for a study of 2UL/2DL.  However, a similar study for IM products falling with the receive in Band z, which should be undertaken in a 3DL/2UL work item, would not have been studied since the 3DL work item was restricted to 3DL/1UL.

Another example is CA_1A-41A currently being studied.  In this case, the uplink is only allowed to be in Band 1, which is another restriction not captured with the above approach.

The conclusion is that uplink and downlink CA configurations are NOT independent in RAN4.  Therefore, it is important that the allowed CA configurations; i.e., those which have been specified by RAN4, are explicitly listed.
We propose one approach as follows.  The formulation is not as compact, but captures the necessary information and restrictions according to what has been studied and agreed in RAN4 for each CA configuration.
	E-UTRA DL CA configuration
	UL CA specified

	
	1 UL band
	2UL CA configuration
	3UL CA configuration
	4 UL CA configuration
	5 UL CA configuration

	CA_xA-yA
	x, y
	CA_xA-yA
	N/A
	N/A
	N/A

	CA_xA-yA-zA
	x, y, z
	None
	None
	N/A
	N/A

	CA_xA-yC
	x, y
	CA_xA-yA, CA_yC
	None
	N/A
	N/A


3. Conclusion
In this contribution, a shortcoming with the previous compact approach of designating uplink CA has been identified.  In RAN4, the uplink and downlink CA configurations are not truly independent of one another since CA work items are defined with particular uplink/downlink configurations.  This dependency is not captured properly by the compact approach to designating UL, which can lead to misunderstanding about which CA configurations are actually supported by the RAN4 specifications.  We propose a more verbose formulation of a table to capture this information.
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