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1.	Introduction
RAN4 is pursuing DL CA BW enhancement for Rel-16 UEs. The enhancement has been agreed as a UE capability to support DL-only coverage spectrum [1]. Separately, RAN4 is also developing the NC UL CA feature, which has significant crosstalk with DL related parameters due to reliance on ‘cumulative aggregated BW’ in Rel-15. It is necessary to create a framework of parameters that allow the two features to become ‘orthogonal’ and serve as building blocks for the future. We pursue this goal in this contribution.
2. 	Discussion
For Rel-16, the DL CA BW enhancement feature establishes two distinct types of UE DL spectrum capability [1]:
· Carried over from Rel-15: Bidirectional spectrum, where a UE can support a DLCC with the option of a same-frequency UL CC 
· New to Rel-16: DL-only spectrum where a UE can support a DLCC but cannot support a matching UL CC
It is hence important to be able to identify the size of the bidirectional spectrum and establish a common understanding of DL-only spectrum. Note that the conceptual descriptions above apply to a single DL CC in isolation. In case of intra-band CA, additional constraints apply, like CA bandwidth class or frequency separation class.
[bookmark: _GoBack][image: ]2.1 	Bidirectional spectrum
A UE’s bidirectional spectrum is conceptually the range of frequencies where a UE can support a DL CC with the option of a same-frequency UL CC. Other parameters like UL frequency separation class declaration or CA BW class declaration further constrain UL CC placement.  In Rel-15 UEs, a UE’s bidirectional spectrum capability was easily identified as the declared DL frequency separation capability as shown in figure 2.1.1-1. 



Figure 2.1.1-1: Rel-15 UE’s relationship between its bidirectional spectrum capability and DL FS declaration
Observation 1: In Rel-15 UEs, a UE’s bidirectional spectrum capability was captured by its DL frequency separation class declaration. 

For Rel-16 UEs, the need for continuity would dictate that a similar meaning be attached to DL frequency separation capability (i.e. it be equivalent to a UE’s bidirectional spectrum capability). We now look at how a Rel-16 UE partitions its configured DL CCs into its two types of DL spectrum capability sets (bidirectional vs DL-only). Possible scenarios for a UE to configure itself are illustrated in figure 2.1.1-2
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Figure 2.1.1-2: Multiple configuration options available to an FR2 in Rel-16
Ultimately, this choice must be left to UE implementation, but for the standard, we may need to assume a baseline conservative behavior. One reasonable UE behavior assumption is that it would try accommodating all configured UL and DL CCs into its bidirectional spectrum capability, unless the DL CA configuration exceeds its declared DL frequency separation class. The DL frequency separation is the determining factor here because a UE’s UL frequency separation capability is expected to be smaller than or equal to the DL frequency separation class, due to carrier placement rules [2]. When the UE can no longer support its configured DL CCs with its bidirectional spectrum capability, it is assumed to activate its supporting parallel receive chains [3]. This kind of assumption favors DC dissipation in the UE. Other more-performance oriented implementations are possible and not precluded.
To summarize the above reasoning, a Rel-16 UE’s bidirectional capability equals the edge to edge separation of all DL CCs, or the declared DL frequency separation class, whichever is smaller. This understanding can be used to create a definition for DL frequency separation that is consistent with its Rel-15 meaning, and at the same time will hold up to Rel-16 features. 
[bookmark: OLE_LINK21]Proposal 1: (Definition) ‘DL frequency separation’ is the frequency span between lower edge of lowest component carrier and upper edge of highest component carrier in DL CA configuration, limited by the DL frequency separation class declaration.
DL frequency separation as proposed above is an essential parameter in NC CA MPR constructs as explained in a companion contribution [4]. This definition allows NC UL CA development to proceed independently of decisions made for DL CA BW enhancement, introducing some much needed orthogonalization.
2.2 	DL-only spectrum 
This parameter is intended to convey to the network, the extension of DL spectrum as declared by the DL frequency separation class where the UE can support a DLCC. Note however that in this extension a UE cannot support the network with a matching UL CC. Figure 2.2-1 shows this concept graphically for the most general case where DL-only spectrum exists on both sides of a UE’s traditional bidirectional spectrum, ‘split DL-only spectrum’.
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Figure 2.2-1: DL-only spectrum
We list the characteristics of the DL-only spectrum towards building a definition:
1. DL-only spectrum cannot accommodate UL CCs
2. The network may view DL-only spectrum as an extension of the DL spectrum declared via the ‘DL frequency separation class’ capability. Together they form a contiguous [1] combined DL spectrum.
3. A DLCC can be placed anywhere in the combined DL spectrum 
It is now possible to build a generalized definition of DL-only spectrum, so it can be used as part of the Rel-16 DL CA BW enhancement feature.
Proposal 2: (Definition) ‘DL-only spectrum’ is the width of UE frequency spectrum available to the network to configure a DL CC but not an UL CC, in addition to and adjoining the DL spectrum capability declared via ‘DL frequency separation class’ signalling. 
Existing DL frequency separation class signalling serves as a good precedent for handling DL-only spectrum size; DL-only spectrum classes can be set up to pre-code values of allowed DL-only spectrum.
DL-only frequency separation, by extension from the definition of DL frequency separation, would be a measure of frequency band in a CC-edge to CC-edge sense, for all DL-only CCs contained in a chunk of DL-only spectrum, see ‘X’ in figure 2.2-2. 
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Figure 2.2-2: DL-only frequency separation
The parameter X is not directly relevant as a capability because contiguous DL coverage [1] implies that DL-only coverage must begin where bidirectional spectrum ends. The relevant quantity is not ‘X’ but ‘Y’, which is the extension of the DL capability beyond what is implied by the DL frequency separation declaration.
Consequently, there is no need to define DL-only frequency separation in context of DL CA BW enhancement for Rel-16 FR2 UEs.
3.	Conclusion
In preparation for constructing Rel-16 features, we used a Rel-15 UE’s spectrum coverage capability as a starting point to establish some definitions.
Observation 1: In Rel-15 UEs, a UE’s bidirectional spectrum capability was captured by its DL frequency separation class declaration. 

For Rel-16 UEs, it is possible to construct a definition for DL frequency separation that is consistent with the Rel-15 connotation (obs. 1), and at the same time will hold up to Rel-16 features.

Proposal 1: (Definition) ‘DL frequency separation’ is the frequency span between lower edge of lowest component carrier and upper edge of highest component carrier in DL CA configuration, limited by the DL frequency separation class declaration.
To build the DL CA BW enhancement feature, it is also necessary to precisely define in general form, the actual enhancement, DL-only spectrum

Proposal 2: (Definition) ‘DL-only spectrum’ is the width of UE frequency spectrum available to the network to configure a DL CC but not an UL CC, in addition to and adjoining the DL spectrum capability declared via ‘DL frequency separation class’ signalling. 
Finally, we note that DL-only spectrum classes can be set up to pre-code values of allowed DL-only spectrum. 
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