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Introduction
For rel. 16 RAN4 must discuss UE requirements for intra-band DL CA enhanced from rel. 15 [1]. In this contribution, we share our view on how work must progress in RAN4 to enable completion of this feature for rel. 16. We also initiate discussion on how best to implement CA BW enhancement into the standard.
Discussion
The WID, reproduced in part in section 5, outlines enhancement of the UE’s CA DL BW capability for rel. 16. Practical implementation constraints in pursuing CA BW enhancement, and how it may guide future UE requirements is addressed in a companion contribution [2]. We outline a work plan, followed by discussion on some fundamental features of the proposed enhancement. 
Work Plan
To complete the induction of the enhanced DL coverage capability, three main items must be resolved:
· Definition of the UE’s new CA DL BW enhancement (‘feature’)
· Definition of any signalling relevant to the feature, communication to other WGs
· Definition of any RF requirements relevant to the feature
Typically, signalling is addressed later in the work item’s progression in RAN4. In this case however, there is some complexity [2] in what may need to be conveyed to the network. RAN4 may also need time to whittle down the number of enhancement options, if it is deemed appropriate. These tasks must be fit into a compressed work schedule, with rel. 16 closing for RAN4 at the Feb 2020 meeting. These factors require RAN4 to set up parallel paths of development to ensure both, technical requirements and signalling requirements are addressed in time.
A high-level schedule is presented 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 2.1-1: Proposed work plan for Enhanced CA DL aggregated BW feature
CA DL BW enhancement framework (feature definition)
In [2], we streamlined multiple UE architecture possibilities into the following categories by their UL/DL frequency spectrum coverage overlap. (‘Frequency Spectrum Coverage’ here means the range of UL or DL frequencies that can be populated with an UL or DL CC in CA mode)
· common UL+DL coverage, DL-only band on one side of bidirectional coverage
· common UL+DL coverage, DL-only coverage on both sides of bidirectional coverage
· common UL+DL coverage, with no DL-only coverage 
This simple classification can form the basis of a framework to define the rel. 16 UE’s enhanced DL CA BW feature. 
Figure 2.2-1 summarizes in graphic form, relative UL and DL coverage spectra described above. It shows examples of enhanced DL spectra (yellow) in relation to a UE’s UL spectrum (blue). Spectrum covered by both UL and DL is shown with yellow and blue stripes
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Figure 2.2-1: UL and DL spectra for UE with enhanced DL CA BW
From the figure it is evident that a UE’s CA coverage spectrum can be viewed as comprising:
· a ‘main’, bidirectional spectrum that is common to both, UL and DL (blue and yellow stripes), and 
· an ‘auxiliary’ DL-only spectrum (solid yellow). This auxiliary DL spectrum can take on several forms depending on implementation choices made by the UE:
· it may be absent altogether or 
· distributed on any one side or 
· distributed on both sides of the main spectrum. 
Observation 1: Rel. 16 UEs with enhanced DL CA BW have two types of frequency spectrum coverage in CA mode:
· A ‘main’ spectrum that is available for UL and DL CCs. The main spectrum looks exactly like a rel.1 5 UE’s UL and DL coverage in CA mode
· An ‘auxiliary’ spectrum that is only available for DL CCs. The auxiliary spectrum does not have an analogue in rel. 15
We can leverage the similarity between the ‘main spectrum’ in CA mode of an enhanced rel. 16 UE and the CA feature in rel. 15 UEs to benefit signalling: Existing CA capability signalling in rel 15. can be maintained in rel. 16 to convey information about the ‘main’ (bi-directional) spectrum. 
Proposal 1: For rel. 16 UEs, the existing rel. 15 signalling for CA operation remains applicable to the part of the UE frequency spectrum coverage that is common to both UL and DL.
Unfortunately, the auxiliary band (DL-only CCs allowed) does not have pre-existing constructs in rel. 15 to build on. The auxiliary spectrum must then be conveyed as additional information, with new signalling.
Proposal 2: For rel. 16 UEs, new signalling shall be instituted to convey location and size of additional UE spectrum that is covered by DL only.
Further work is required in RAN4 to resolve the content of the new signalling to accommodate all foreseen practical UE implementations
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
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. A UE’s spectrum can be viewed as being comprised of a main, bidirectional spectrum that offers both, UL and DL capability, and an auxiliary DL-only spectrum. This type of classification is convenient because it allows us to build on existing rel. 15 signalling framework:
Proposal 1: For rel. 16 UEs, the existing rel. 15 signalling for CA operation remains applicable to the part of the UE frequency spectrum coverage that is common to both UL and DL.
Unfortunately, the auxiliary band (DL-only CCs allowed) does not have pre-existing constructs in rel. 15 to build on. The auxiliary spectrum must then be conveyed as additional information, with new signalling.
Proposal 2: For rel. 16 UEs, new signalling shall be instituted to convey location and size of additional UE spectrum that is covered by DL only.
New signalling is FFS
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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:
[bookmark: _GoBack]

1


2


image1.gif




image2.png
4 Objective
41 Objective of Sl or Core part WI or Testing part WI

The purpose of this work e st spectyte following FR2 UE requiements
Exbancements mthods Tt avoding ook Ttes and compecton flessesdve o sigificnt and
vaprdicaie UE P AMFR. dos ot FRO UE RF xposare complince sesons
3 s ok s arted ses RANSG4 whe e Re 1 eqromets e completed
FR2 UE Bearn Correspondence rqiermens f st UE perfras b cotespondence ased n DL
‘efrence sigail (355 o CSLRS) conigored by o atwrk
3 Tk s ared st RANSG4 e e R 15 Beam Corespondence requiemets aecompleted
> UE cupaity ot sopporing S5B ased o BC andot CSL RS b on B will e ot Socwsed i W1

e
> e coqirements s oty vl rom Rel.16 ards

PR UE equirementsfraonontguous s and UL CA

> Phaee 1Sy i ot smalancous UE anamiseon o sggcegated UL caries and - simulaneons
trnemisson o ggregted UL cuiss i UE swichingbeeen o ao sonigoos catirscold and
utd b spied St poenil mpacs of s siutaneow gassmssion o KAN] o RAN2
ecticaions

> e 3. Define FR2 UE rquiementsfrnon-contiguousits-and UL CA based o e autome ofthe
Frase 1 sty

FR2 UE equirementsfor e band DL CA

¥R UE equiremetsfor e bend UL CA

> Phaee 1Sy i ot smultineons U trsnsmiseon o sggcegated UL caries aad - simlaneous
tranemission n ggtegted UL cariers with UE sichin between o caticscoul and hould be
Soeetied. St poental impacts of ao simatncous apsmio o on RANT an o RAN? spcifcations

> Poase 3. Defios FR2 UE requements o et UL CA besed on e avtcome ot P 1 5y

Exhince FR2 UE MPR sequiements by balancing with . aad emision eqoents

This work item will also sty if FR2 UE spherical coverage requirements for PC3 for >20%-tile can be defined.




image3.png
4 Objective
41 Objective of Sl or Core part WI or Testing part WI

The purpose of this work e st spectyte following FR2 UE requiements
Exbancements mthods Tt avoding ook Ttes and compecton flessesdve o sigificnt and
vaprdicaie UE P AMFR. dos ot FRO UE RF xposare complince sesons
3 s ok s arted ses RANSG4 whe e Re 1 eqromets e completed
FR2 UE Bearn Correspondence rqiermens f st UE perfras b cotespondence ased n DL
‘efrence sigail (355 o CSLRS) conigored by o atwrk
3 Tk s ared st RANSG4 e e R 15 Beam Corespondence requiemets aecompleted
> UE cupaity ot sopporing S5B ased o BC andot CSL RS b on B will e ot Socwsed i W1

e
> e coqirements s oty vl rom Rel.16 ards

PR UE equirementsfraonontguous s and UL CA

> Phaee 1Sy i ot smalancous UE anamiseon o sggcegated UL caries and - simulaneons
trnemisson o ggregted UL cuiss i UE swichingbeeen o ao sonigoos catirscold and
utd b spied St poenil mpacs of s siutaneow gassmssion o KAN] o RAN2
ecticaions

> e 3. Define FR2 UE rquiementsfrnon-contiguousits-and UL CA based o e autome ofthe
Frase 1 sty

FR2 UE equirementsfor e band DL CA

¥R UE equiremetsfor e bend UL CA

> Phaee 1Sy i ot smultineons U trsnsmiseon o sggcegated UL caries aad - simlaneous
tranemission n ggtegted UL cariers with UE sichin between o caticscoul and hould be
Soeetied. St poental impacts of ao simatncous apsmio o on RANT an o RAN? spcifcations

> Poase 3. Defios FR2 UE requements o et UL CA besed on e avtcome ot P 1 5y

Exhince FR2 UE MPR sequiements by balancing with . aad emision eqoents

This work item will also sty if FR2 UE spherical coverage requirements for PC3 for >20%-tile can be defined.




