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1. Introduction

Specifications for 3DL/1UL inter-band CA and 2DL/2UL inter-band CA have been completed in Rel-12, albeit independently.  There is interest [1] in defining specification for jointly supporting 3DL/2UL CA, but some issues remain to be resolved.
2. Discussion

It has been recognized, for example in [2], that specifications for UL CA and DL CA are not strictly separable.  In other words, having defined specifications for 3DL/1UL CA in Band x, y, and z and separately having defined specifications for 2DL/2UL in Band x and y does not imply that 3DL/2UL with DL in Band x, y, and z, and uplink in Band x and y is possible within the current specifications.  In this contribution, we study the necessary changes to the specification to support this scenario.

In evaluating the core specifications for 3DL/1UL CA and 2UL/2DL CA, we recognize that the RF impact is limited to the intermodulation products formed by 2UL inter-band CA or 2UL NC intra-band CA.  This phenomenon has already been studied, but merely needs to be extended to 3DL/2UL cases.  In this case, we believe that the changes are limited to the MSD table (Table 7.3.1A-0f in TS36.101) and other changes such as the number of exceptions for out-of-band blocking requirements.  Other changes should be straightforwardly carried over from 2UL/2DL specifications with minor editorial modifications.  

For MSD, it becomes necessary to determine if IM products now land in any of the three DL bands for each CA configuration.  If so, a test configuration must be defined similar to what has been done for 2UL CA [3].
The bigger challenges are less technical in nature.  For example, current a CA configuration is identified without regard to uplink and downlink CA.  For example, for CA_xA-yA, it is assumed that there are two downlink CC's in Band x and Band y, but for the uplink, this same CA configuration applies to single uplink in either Band x or Band y, or dual uplink in both Band x and Band y.  The specifications are written to distinguish the case of single uplink or dual uplink in the text of the specification (i.e., "for inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band" or "for inter-band carrier aggregation with uplink assigned to two E-UTRA bands") rather than by notation.  This approach works well if requirements are generalizable and independent of the particular bands or band combinations.  In most cases, this works well except that it becomes more cumbersome when the number of CC's and bands increases [4].  For those specifications that are dependent on the particular band or band combination, they are generally listed in a table.  The MSD table for 2UL CA is an example.  To support 3DL/2UL CA, the MSD table may be augmented to include the uplink CA configuration as well since some uplink CA configurations may have MSD while others may not depending on whether IM's land in DL bands.
Other issues to resolve include fallback modes, PCell or uplink support, and which requirements should be specified and tested.  These issues have already been discussed in the 2DL/2UL context, but will become even more relevant as the CA dimensionality increases.  For example, should all combinations of UL/DL fallback be required?  If a UE supports CA_xA-yA-zA downlink and CA_xA-yA uplink, should it be required to support all of the following fallback modes
Table 1.  Possible fallback modes for CA_xA-yA-aZ DL / CA_xA-yA UL

	DL CA configuration
	UL CA configuration

	CA_xA-yA-zA
	CA_xA

	CA_xA-yA-zA
	CA_yA

	CA_xA-yA
	CA_xA

	CA_xA-yA
	CA_yA

	CA_xA-yA
	CA_xA-yA

	CA_yA-zA
	CA_yA

	CA_xA-zA
	CA_xA


For PCell support, if a DL CA configuration CA_xA-yA-zA is defined, is it expected that the UE should support uplink in all bands?  On the other hand, if a corresponding UL CA configuration CA_xA-yA is also defined, then the UE should only support uplink on those bands x and y, or should it also support uplink on Band z?  If all 2UL combinations are defined for maximum flexibility, CA_xA-yA, CA_yA-zA, and CA_xA-zA, the number of permutations required to be supported would become quite large and the testing burden may be excessive.  Of course, as the number of carriers increases beyond 3DL/2UL, the problem grows exponentially.

The discussion points in this contribution are related only to UE RF specifications.  Also to be resolved are topics related to how the work items should be defined and tracked at RAN, which TR's should be created, etc.

3. Conclusion
In this contribution, we have provided initial thoughts for discussion regarding the inclusion of 3DL/2UL CA configurations in the specifications.
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