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1.	Introduction
For rel-16, FR2 UL CA is being enhanced with non-contiguous capability, while the DL CA BW is being separately enhanced. These enhancements are built on already significant rel-15 CA capability, with several BW classes and a large number of band combinations that an FR2 UE could support [1]. The rel-16 enhancements unfortunately increase the number of bandwidth combinations possible. It represents a challenge on several fronts, from documentation in the standard, to testing and capability signalling.
In this contribution, we tackle the problem of capability signalling. We initiate discussion in RAN4 on whether the system can benefit from an alternative method on how the UE may describe its CA capability to the network.
2. 	Discussion
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. 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. As we show further below, the list of possible fallback combinations increases quickly with number of CCs supported. Unfortunately, this large and growing list must be individually signalled to the network, which provides a finite message size for the purpose. This existing framework represents an artificial limitation on the CA combinations for which this type of UE can signal support.
Separately, for rel-16, RAN4 is working towards enhancing UL CA to include non-contiguous capability. RAN4 is also pursuing increased DL CA BW. The enhancements, along with increasing UE data-pipe size, make the problem of reporting CA capability ever more acute.
A way out of this predicament is to create a new, more general network interpretation of the UE’s declaration of support of CA combinations, designed to reduce UE CA capability message length. 
2.1	An alternative interpretation of UE CA capability declaration
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)

An exhaustive list for our example UE would have combinations of 6, 5, 4, 3 and 2 carriers, arranged with at least 1 gap. We show in [1] that the number of unique combinations grows faster than 2^(N0.7) (for N>5) where number of carriers is ‘N’. NC UL CA provides additional UL combinations, 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.
Observation 1: A UE’s list of supported band combinations can grow very quickly with the number of CCs supported
The irony is that the more network-friendly a UE’s CA capability is designed to be, the greater the signalling complexity, and longer the message length. To counter this message length problem, we propose to allow an alternative interpretation by the network where the UE 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, declared as BW class ‘nA’, 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

Opting for this type of declaration places the burden of testing on the chipset/UE vendor, and we recognize that this capability may not be universally adopted. We hence think this ‘alternative interpretation’ should be an optional capability. 
Proposal 2: The UE capability described in proposal 1 shall be optional
A note on backward compatibility: A gNB that does not support the alternative interpretation would underutilize the UE’s CA capability but would never over-estimate it. We hence believe this proposal is backward compatible.
[bookmark: _GoBack]The proposals would allow UEs to significantly streamline their CA combination signalling, and thereby greatly reduce signalling and processing congestion: network side logic becomes much simpler since it doesn’t have to check multiple band combinations to decide how to configure the UE. 
Observation 2: The UE capability in proposal 1 is beneficial to the network both in flexibility and in logical processing required to match a UE’s capability with a useful network scenario.
This type of proposal would ultimately be implemented by RAN2. Contingent on agreement of the proposals above, [2] could serve as a basis for the LS to RAN2
3.	Conclusion
We identify the signalling message size problem associated with FR2 CA capability and the increased severity in rel-16. We propose an alternative UE CA capability declaration designed to reduce message size. 
A supporting UE would only declares its support in terms of the maximum number of CCs it can support in CA mode, say as bandwidth class ‘nA’, where n is the max. number of CCs. 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

To avoid NBC issues:
Proposal 2: The UE capability described in proposal 1 shall be optional
Observation 2: The UE capability in proposal 1 is beneficial to the network both in flexibility and in logical processing required to match a UE’s capability with a useful network scenario
This type of proposal would ultimately be implemented by RAN2. Contingent on agreement of our proposals, [2] could serve as a basis for the LS to RAN2. 
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