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Introduction
Discussion was initiated on intra-band DL CA BW enhancement for rel. 16 in [1] and [2]. Pursuant to the workplan that was chalked out in [2], in this contribution, we further refine our view on feature definition. The enhancement feature emerges as an extension of rel-15 framework.
Discussion
The WID, reproduced in part in section 5, outlines enhancement of the UE’s CA DL BW capability for rel. 16. The work plan for this feature as proposed 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
For obvious reasons, it is advantageous to build any feature enhancement on existing framework, when possible. We adopt this notion as a general guideline in defining the feature. We hence start off with the rel. 15 UE’s CA feature.
The starting point (rel. 15 UL and DL intra-band CA capability)
In FR2, the network may configure a CC to be either DL-only, or UL+DL. This restriction allows us to use the following abstraction to describe how a UE may be configured for CA configuration in terms of CC placement:
Step 1 – Network assigns DL CA configuration to UE in terms of DL CCs, constrained by the UE’s declared DL CA capabilities (intraBandfreqSeparationDL, BandCombinationList, etc). The DL CCs may be arranged in contiguous or non-contiguous sub-blocks spanning no more than the advertised DL frequency separation, which in turn is limited to 1400MHz.
Step 2 – Some subset of the DL CCs is also configured for UL, constrained by the UE’s declared UL CA capabilities (intraBandfreqSeparationUL, BandCombinationList, etc). Now, in rel. 15, there is a further limitation on UL CA configuration: it must be of contiguous type, and the aggregated BW must not exceed 800MHz.
Also, recall that the network can configure different bandwidths on UL and DL. We remain unclear on the use case for this feature in CA mode. This case is also outside the scope of TS38.101-2 v15.6.0 and v16.0.0, as captured in section 5.3A.4:
[image: ]
Figure 2.1-1: UL CC location limitation relative to DL CCs
For completeness however, we capture the case when UL CC BW can be greater than DL CC BW for CA.
With this in mind, we capture graphically in figure 2.1-1, what is required of the UE implementation in terms of coverage spectrum in UL and DL. ‘Coverage Spectrum’ here means the range of UL or DL frequencies that can be populated with an UL or DL CC in CA mode.
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Figure 2.1-1: UL and DL spectra for rel. 15 UE 
The widest DL frequency separation of the assigned DL CA configuration is governed by the UE’s declared frequency separation class for DL. The UE’s declared DL frequency separation class is hence equivalent to the DL coverage spectrum that it can support. 
Observation 1: A UE’s DL frequency separation class is equivalent to its DL coverage spectrum
Since the network can only assign UL CCs from existing configured DL CCs, the widest UL coverage spectrum that a UE can usefully support is closely related to the DL spectrum. The graphic shows 2 example UL configurations, both of which must be supported by the UE configured for the shown DL configuration. Also, recall that the narrowest FR2 channel is 50MHz, and the widest, 400MHz. It follows then the widest UL coverage spectrum that is useful to the network is constrained by:
UL spectrum = DL spectrum + 350MHz
The asymmetry between UL and DL spectra is attributable to the corner case construction of the treatment above. A UE is free to implement larger UL coverage spectrum capability, but it will go unused by the network due to the FR2 CC restriction referenced at the beginning of this section. We show later that that this detail (asymmetric spectra) does not have bearing on our proposal. 
A second ramification is that the useful UL coverage spectrum must be centred on the DL coverage spectrum.


Observation 2: Rel-15 CA framework implies the UE implementation has the following attributes:
· A UE’s DL frequency separation class is equivalent to its instantaneous DL coverage spectrum
· The UE’s UL spectrum = DL spectrum + 350MHz
· The UE’s UL and DL coverage spectra share the same centre
For future use in this document, we refer to the rel. 15 UE’s UL and DL coverage spectra in CA mode, as captured in observation 2, as ‘bi-directional spectrum’. Figure 2.1-2 illustrates the rel. 15 UE’s UL and DL coverage spectra in CA mode, i.e its bi-directional spectrum..
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Figure 2.1-2: UL and DL spectra for a Rel. 15 UE 

In keeping with the guideline for feature enhancement, we will try to cast the enhanced feature as a natural extension of the bi-directional spectrum implied by rel. 15 CA requirements.
Rel. 16 Feature definition (CA DL BW enhancement)
In [1], we studied multiple possible architectures for UEs that could deliver enhanced DL coverage.  Figure 2.2-1 summarizes in graphic form, relative UL and DL coverage spectra from the architecture study. It shows examples of enhanced DL coverage spectrum (blue) in relation to UL coverage spectra possibilities (orange). 
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Figure 2.2-1: UL and DL spectra for a Rel. 16 UE with enhanced DL CA BW
From the figure it is evident that the CA-mode coverage spectrum of any reasonable UE implementation with enhanced DL spectrum can be viewed as comprising: 
· bi-directional spectrum + DL-only spectrum on one side of bidirectional spectrum
· bi-directional spectrum + DL-only spectrum on both sides of bidirectional spectrum 
· bi-directional spectrum (enhanced from rel. 15)
This simple but general classification can form the basis of a framework to define the rel. 16 UE’s enhanced DL CA BW feature. 
Recall that ‘bi-directional spectrum’ is proxy for UE implementation consistent with rel. 15 CA requirements, see observation 2. This classification hence delivers on the guideline to construct the new feature as an extension of the existing feature.
A second desirable outcome of this classification is that it avoids in-depth wrangling on ‘allowable’ architectures, because it focuses mainly on the network’s perspective of how these UEs behave, rather than how that behaviour may be achieved inside the UE.
Observation 3: Rel. 16 UEs with enhanced DL CA BW can be considered to have two types of frequency spectrum coverage in CA mode:
· A bi-directional spectrum that is available for both UL and DL CCs. The main spectrum looks exactly like a rel.1 5 UE’s UL and DL coverage in CA mode
· An ‘additional’ spectrum that is only available for DL CCs. The additional spectrum does not have an analogue in rel. 15
The enhancement in DL CA BW can now be captured entirely by this ‘additional spectrum’, which is the new piece on top of known and understood rel. 15 CA constructs.
Proposal 1: The DL CA BW enhancement feature of rel. 16 UEs shall be captured as an ‘additional’ spectrum that is only available for DL CCs. 
Note that this framework does not preclude a UE that also features enhanced UL spectrum to keep pace with the enhanced DL spectrum. This type of UE will end up trading reduce DL-only spectrum for more valuable bidirectional spectrum. 
We can start listing 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. 
· 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.
· (others not precluded)
We have arranged the necessary attributes of the enhancement feature (i.e additional spectrum) in table 2.2-1.
	Parameter
	Description
	Values

	Band i/d 
	Band
	n257, n258…. n261

	Location 
	Location of additional DL-only spectrum relative to bidirectional spectrum
	One sided
	Both sides

	Addt’l Spectrum Frequency Separation
	Width of additional DL-only spectrum (i.e spectrum available for population with DL CCs)
	Extension on any one side (MHz)

	Lower Side Extension (MHz)
Higher Side Extension (MHz)


Table 2.2-1: Rel. 16 Enhanced DL CA feature parameters
Proposal 2: The Rel. 16 DL CA BW enhancement feature definition shall include the UE performance parameters of table 2.2-1
Thoughts on alternative definition
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 single Tx and Rx multi-port chains.
One thought was to define multiple Rx chains to describe a UE’s capability to support the enhanced DL CA BW feature. Defining multiple chains in the UE for the network to acknowledge and manage conflicts with the philosophy behind ‘Frequency Separation Class’. This aspect remains a fundamental problem with this approach. Further problems include:
· 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? 
[bookmark: _GoBack]These are valid questions which will ultimately detract from the goal of feature completion. We hence do not believe defining multiple Rx chains, each with their own list of attributes, and a further set of attributes describing their inter-relationship, is the way forward for this feature.
RF Requirements in the Standard
Certain RF requirements have exposure to CA DL BW directly or indirectly. These requirements must be amended for consistency, and are listed below:
· CA MPR: Several mechanisms like spurious emissions and gain droop may require additional PA back off.
· REFSENS relaxation: as frequency separation increases, beam patterns may start to diverge from one edge of the frequency band of DL coverage to the other. From any given direction, this beam pattern divergence will manifest itself as gain reduction. There are also de-sense mechanisms that get exacerbated with the wider frequency separation.


Conclusion
We first established that it is desirable to cast the new enhancement as an extension of the existing feature in rel. 15. The demand on UE implementation to support Rel-15 CA capability was captured in observation 2.
Observation 2: Rel-15 CA framework implies the UE implementation has the following attributes:
· A UE’s DL frequency separation class is equivalent to its instantaneous DL coverage spectrum
· The UE’s UL spectrum = DL spectrum +350MHz
· The UE’s UL and DL coverage spectra share the same centre
A high-level study of practical UE implementation topologies to achieve enhanced DL CA BW revealed that they all share certain characteristics pertaining to UL and DL spectrum coverage. 
Observation 3: Rel. 16 UEs with enhanced DL CA BW can be considered to have two types of frequency spectrum coverage in CA mode:
· A bi-directional spectrum that is available for both UL and DL CCs. The main spectrum looks exactly like a rel.1 5 UE’s UL and DL coverage in CA mode
· An ‘additional’ spectrum that is only available for DL CCs. The additional spectrum does not have an analogue in rel. 15
This type of classification is convenient because it allows us to cast the enhancement (‘additional spectrum’) as an addendum to existing rel. 15 framework (bi-directional spectrum):
Proposal 1: The DL CA BW enhancement feature of rel. 16 UEs shall be captured as an ‘additional’ spectrum that is only available for DL CCs. 
We then identified the necessary parameters that could be used to describe the new feature (others not precluded).
	Parameter
	Description
	Values

	Band i/d 
	Band
	n257, n258…. n261

	Location 
	Location of additional DL-only spectrum relative to bidirectional spectrum
	One sided
	Both sides

	Addt’l Spectrum Frequency Separation
	Width of additional DL-only spectrum (i.e spectrum available for population with DL CCs)
	Extension on any one side (MHz)

	Lower Side Extension (MHz)
Higher Side Extension (MHz)


Figure 2.2-1: Rel. 16 Enhanced DL CA feature parameters
Proposal 2: The Rel. 16 DL CA BW enhancement feature definition shall include the UE performance parameters of table 2.2-1
We also concluded that constructing the new feature as comprising multiple UE Rx chains to be managed by the network is not attractive option.
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Appendix
The objectives in the WID [1] covering rel. 16 FR2 RF topics are included below. The item relevant to this contribution has been highlighted:
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