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Introduction
FR2 CA comprises a large (and growing) number of band combinations. It represents a challenge on several fronts, from documentation in the standard, to testing and capability signalling. The last item is crucial because signalling-congestion represents a real-time impact to network performance. In the previous meeting there was agreement to allow an FR2 UE to fall back from a CA configuration directly to single carrier. We initiate discussion on whether the system can benefit from additional options in how a UE’s fallback capability may be described to the network.
Discussion
[bookmark: _GoBack]In rel. 15 FR2, the standard comprises several contiguous CA BW classes (‘A’ through ‘Q’). These numerous classes engender a multitude of non-contiguous intra-band CA combinations. Further, for a given NC configuration, the original fallback interpretation was the UE would also support NC configurations comprising BW classes that were lower order than the ones in the starting configuration. This fallback rule is captured compactly in TS 38.306 v15.6.0 for the PHY parameter supportedBandCombinationList:

A fallback band combination resulting from the reported CA and MR-DC band combination is not signalled but the UE shall support it. 
Unfortunately, this rule is not well optimized for many UEs whose CA capability is determined principally by the number CCs it can support, rather than the specific arrangement of those CCs in contiguous and non-contiguous arrangements. This rule represents a serious problem in signalling CA support, as we detail below.
An alternative UE behavior for CA
A UE has certain over-riding constraints in how a CC may be arranged relative to others, in a CA configuration. UE capability for frequency separation and maximum BW for each CC capture these constraints for real-time use by the network. We assume that these constraints remain in place for the discussion below: 
Consider a UE that can support up to, say, 6 CCs, regardless of their arrangement, Now, this UE can support for example, the following arrangements of contiguous subblocks of CCs (‘+’ indicates a gap that qualifies for non-contiguous separation):
· 1+1+1+1+1+1 (6A)
· 2+2+1
· 1+2+1+2
· 1+4
· 1+2+1
· 1+1
· 6 (single contiguous cluster)
· (and so on)
A quick exercise in combinatorics can assist in quantifying the proliferation of possible variants. For 6 CCs, there are 25 = 32 contiguous and non-contiguous combinations that a UE can support. Further, this UE can naturally support 5 CCs with similar freedom in CA configuration. 5 CCs can be distributed in 24 = 16 unique ways. We can recursively infer UE capability for progressively fewer carriers, and determine that the UE can support cumulatively, 26-1 = 63 contiguous and non-contiguous configurations. Now, this estimate includes some combinations that are duplicates of others. For example, 1+2+1+2 combination is considered equivalent to a 2+1+1+2 combination. Empirically we find faster growth than 2^(N0.7) (for N>5) of unique combinations on number of carriers ‘N’, compared to the 2^N dependence for all combinations.

Figure 2.1-1: Unique combinations of contiguous and NC CCs 
Our example UE supports 11 unique combinations for DL alone. Each of the 11 DL combinations can be combined with multiple contiguous UL CA possibilities. Looking ahead to NC UL CA, additional UL combinations become available, increasing the number of supported UL+DL (unique) combinations. This proliferation is further compounded when listing EN_DC configurations, because of association with multiple E-UTRA and FR1 band combinations.
While this recursive UE support is very beneficial as operational flexibility to the network, the signalling infrastructure is not optimized to handle this type of UE.  The irony is that the more network-friendly a UE’s CA capability is designed to be, the greater the signalling complexity. 
Observation 1: A UE’s list of supported band combinations can grow very quickly with the number of CCs supported
To counter this signalling congestion problem, we propose to allow an alternative UE type that only declares its support in terms of the maximum number of CCs it can support in CA mode. The network shall implicitly assume support for all ‘child’ or subset combinations. For example, ‘n’ CC support in CA mode automatically implies support of all subset contiguous and non-contiguous CA combinations using as few as 1CC and as many as ‘n’ CCs.  This implicit and recursive method can be captured in a proposal.                          
Proposal 1: The system shall provision for a UE that only describes its FR2 CA capability in terms of the maximum number of CCs it can support, and the implied CA capability is for any contiguous or non-contiguous combination of up to ‘n’ CCs. i.e when a UE declares support for ‘n’ non-contiguous FR2 CCs, it can also support:
· ‘n-1’ non-contiguous FR2 CCs
· any mix of contiguous and non-contiguous arrangement of ‘n’ FR2 CCs
This proposal would allow UEs to significantly streamline their CA combination signalling, and thereby greatly reduce signalling and processing congestion. This type of proposal would ultimately be implemented by RAN2. Contingent on agreement of our proposal, [2] could serves as a basis for the LS to RAN2.
Recall that RAN4 agreed in RAN4#92 [1] that a new category of UEs (‘new variant’) shall be allowed to fall back directly to single CC configuration, rather than support an elaborate tree of fallback modes. RAN2 will soon embark on provisioning the new variant of UE in the system. 
Proposal 1 above represents an alternative UE behaviour much like the new variant.  Should RAN4 choose to agree on the proposed behaviour, RAN2 may be able to consolidate both efforts.
Conclusion
We identify the signalling problem associated with CA combination and propose a second alternative UE to go with the one communicated to RAN2 in the last meeting [1]. Note that over-riding constraints like frequency separation and maximum BW for each CC remain in place for this type of UE also. The proposal below would allow UEs to significantly streamline their CA combination signalling, and thereby greatly reduce signalling congestion.
The proposed UE type only declares its support in terms of the maximum number of CCs it can support in CA mode. The network shall implicitly assume support for all ‘child’ or subset combinations. For example, ‘n’ CC support in CA mode automatically implies support of all subset contiguous and non-contiguous CA combinations using as few as 1CC and as many as ‘n’ CCs.  This implicit and recursive method is captured in a proposal.                          
Proposal 1: The system shall provision for a UE that only describes its FR2 CA capability in terms of the maximum number of CCs it can support, and the implied CA capability is for any contiguous or non-contiguous combination of up to ‘n’ CCs. i.e when a UE declares support for ‘n’ non-contiguous FR2 CCs, it can also support:
· ‘n-1’ non-contiguous FR2 CCs
· any mix of contiguous and non-contiguous arrangement of ‘n’ FR2 CCs
This type of proposal would ultimately be implemented by RAN2. Contingent on agreement of our proposal, [2] could serves as a basis for the LS to RAN2. 
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