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1.	Introduction
RAN4 established that the DL CA BW enhancement feature for Rel-16 would be captured as a UE capability to support DL-only coverage spectrum [1]. ‘DL Coverage Spectrum’ here means the range of DL frequencies that can be populated with a DL CC in CA mode
In this contribution, we capture a UE’s enhanced DL CA BW capability in terms of a parameter set.
2. 	Discussion
The work plan for this feature as discussed in [2] is reproduced below:
	Proposed Milestone
	RAN4 Meeting

	Discussion and Concept Review
	RAN4 #92, Ljubljana

	Completion of Feature Definition
	RAN4 #92Bis, Chongqing

	Completion of Signalling Details and LS to RAN2
	RAN4 #93, Reno

	Completion of RF requirements
	RAN4 #94, Athens


Table 2.0-1: Proposed work plan for Enhanced CA DL aggregated BW feature
[bookmark: _GoBack]The WF in [1] established a feature definition, which brings us to the next stage, to capture feature-describing parameters. For convenient reference, the feature as captured in [1] is reproduced below:
[image: ]
A rel-16 UE enhanced by this feature has two types of spectrum as described in the excerpt above. The carry-over UL+DL spectrum from rel-15 enjoys existing signalling constructs and requires no further change in this context. The new DL-only spectrum is an additional block of frequency coverage, which we will refer to as ‘additional DL spectrum’. This additional DL spectrum can be described by a handful of parameters, see subsections below.
2.1 	Description of additional DL-only spectrum
RAN4 also agreed to constrain the new capability so the total DL coverage capability of the UE formed a single contiguous band [1]: 
[image: ]
This arrangement lends itself to a simple construct of salient parameters that describe this enhancement feature:
· Band id: Spectrum coverage demands in the real world, and UE hardware capability are different from band to band. This parameter allows the UE to describe its band-specific capability
· Location of additional spectrum: Is the DL-only additional band single sided or double sided, relative to the bidirectional band? 
· What is the frequency span of additional spectrum? This parameter is effectively an addition to ‘frequency separation’ of rel. 15. It was suggested in [4] for the UE to reference pre-defined classes rather than MHz values. We think this is a good idea and have incorporated this detail into our proposal originally made in [2]
· (other parameters not precluded)

We have arranged the necessary attributes of the enhancement feature (i.e additional DL-only spectrum) in table 2.1-1.
	[bookmark: _Hlk23326178]Parameter
	Description
	Possible Values

	Band i/d 
	Band
	n257, n258…. n261, etc

	Location 
	Location of additional DL-only spectrum relative to bidirectional spectrum
	One sided, Both Sided
Note: Both-sided implies that the UE’s DL-only spectrum is equally distributed on both sides of the UE’s DL frequency separation

	Addt’l DL Spectrum Frequency Separation Class
	Width of additional DL-only spectrum (i.e spectrum available for population with DL CCs)
	I, II, III, etc



Table 2.1-1: Rel. 16 Enhanced DL CA feature parameters
The ‘additional DL spectrum frequency separation class’ draws from frequency separation classes already defined for rel-15. Our proposed values for the additional DL spectrum separation classes are derived from replicating rel-15 Rx chains with overlap equalling the largest possible FR2 BW (400MHz), see table 2.1-2. For example, additional DL spectrum frequency separation class ‘II’ is derived from replicating two rel-15 frequency separation class ‘II’ chains (1200MHz wide, each) with overlap of 400 MHz. The actual extension in MHz is 1200MHz – 400MHz = 800MHz
	Additional DL spectrum frequency separation class
	Frequency separation (Fs) 
MHz

	I
	400

	II
	800

	III
	1000

	
	


Table 2.1-2: Rel. 16 Additional DL spectrum frequency separation classes
Proposal 1: The Rel. 16 DL CA BW enhancement feature definition shall include the UE performance parameters of tables 2.1-1 and 2.1-2. 
Parameter names could benefit from further refinement. 
Any feature description benefits from compactness and simplicity. There is one option to trim the feature down, specifically in location of the additional spectrum. Our architecture studies suggest that only topologies that feature both, a common LO and a single ‘super-wide’ receiver are forced to limit their offering to a double-sided additional DL-only spectrum. The super-wide receiver is considerably more demanding to design than multiple parallel receivers, ergo unlikely to be implemented in a realistic UE. Consequently, we believe that a UE that features an additional DL spectrum that extends on both sides of the main UL+DL spectrum is equally unlikely. This view was also shared in [4], in somewhat stronger form.
2.2 	Thoughts on alternative description
The concept of ‘Frequency Separation Class’ was introduced as an abstraction to isolate the network from implementation details of the UE. With this concept, it is possible for the network to treat the UE simply, as comprising a single Tx or Rx ‘super’ chain. Indeed, rel-15 UEs also hide their multiple Rx chains under the umbrella of a single frequency separation class declaration. Asking the network to acknowledge and manage multiple Rx chains for each connected UE in context of this feature conflicts with the philosophy behind ‘Frequency Separation Class’. The separate chain method may also have limited utility considering the contiguous DL coverage agreement above.
There are further problems with exposing the network to the detail of multiple Rx chains in each UE:
· limiting the number of chains used to implement the enhanced DL BW feature – should there be a limit on the number of chains? 2? 7? 13?
· If multiple Rx chains are to be defined, what should the network assume about the relative location and overlap of their respective spectra coverage? Which ones are associated with UL coverage spectrum?
· Scheduler complexity in gNB 

We find the ‘multi-chain’ approach complicated, and in conflict with current convention. We hence believe the framework outlined in proposal 1 is the way forward.
2.3 	LS to RAN2
Since the enhancement feature requires new parameters that the UE must declare, completion of this feature requires coordination with RAN2, at a minimum. The parameters referenced in proposal 1 can form the body of the LS to RAN2
Proposal 2: Send LS to RAN2 to inform them of definition of new capability parameters describing the UE’s enhanced DL intra-band CA BW.
A draft LS is included in [5]
3.	Conclusion
We have arranged the necessary attributes of the enhancement feature (i.e additional DL-only spectrum) in table 2.1-1.
	Parameter
	Description
	Possible Values

	Band i/d 
	Band
	n257, n258…. n261, etc

	Location 
	Location of additional DL-only spectrum relative to bidirectional spectrum
	One sided, Both Sided
Note: Both-sided implies that the UE’s DL-only spectrum is equally distributed on both sides of the UE’s DL frequency separation

	Addt’l DL Spectrum Frequency Separation Class
	Width of additional DL-only spectrum (i.e spectrum available for population with DL CCs)
	I, II, III, etc



Table 2.1-1: Rel. 16 Enhanced DL CA feature parameters
Our proposed values for the additional DL spectrum separation classes are included in table 2.1-2.
	Additional DL spectrum frequency separation class
	Frequency separation (Fs) 
MHz

	I
	400

	II
	800

	III
	1000

	
	


Table 2.1-2: Rel. 16 Additional DL spectrum frequency separation classes
Proposal 1: The Rel. 16 DL CA BW enhancement feature definition shall include the UE performance parameters of tables 2.1-1 and 2.1-2. 
We further identified that the variant with DL-only spectrum extending on both sides of the main UL+DL spectrum was a characteristic of a UE with a possibly non-competitive Rx architecture. Consequently, any effort to pare down the feature description could start with precluding dual-sided DL-only additional spectrum.
We finally discussed other signalling approaches and concluded that it was complex and needless for each UE to describe to the network its multiple Rx chains, each with its own list of details.
The enhancement feature requires coordination with RAN2. 
Proposal 2: Send LS to RAN2 to inform them of definition of new capability parameters describing the UE’s enhanced DL intra-band CA BW.
A draft LS is included in [5]
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* Rel-16 enhancement feature is definition of UE capability to support DL-only coverage spectrum for
the case that the overall DL coverage is wider than 1400 MHz
* Enhancement is in addition to common UL+DL coverage spectrum of UE carried over from rel-15
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* The UE’s DL coverage spectrum capability shall be contiguous (no gaps)
¢ DL CCs can be non-contiguous however




