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Introduction
For rel 16 [1], RAN4 is tasked with investigating and enabling intra-band non-contiguous uplink CA (NC ULCA). In this contribution, we share our view on the necessary framework to enable NC ULCA and an outline workplan.
Discussion
Introduction of NC Intra-band ULCA requires due consideration for operational constraints, capability signalling, and RF requirements like emissions compliance. Now, the basis of any ULCA scheme in rel.15 is a pair of declared capabilities by the UE describing support for:
1. CA bandwidth class(es), per supported band. 
2. Maximum frequency separation of configured CCs
We attempt to frame the proposed rel. 16 NC ULCA capability as an extension of rel. 15 CA capability. In this contribution, any further reference to ULCA assumes intra-band type.
Feature Discussion: NC ULCA Variants 
The WID [1] identifies 2 variants of NC ULCA and loosely differentiates them (see Annex, section 5.0):
· A full-featured NC ULCA, which requires of the UE, the ability to simultaneous transmit on multiple carriers in the declared NC CA BW class, with no constraints in addition to those defined in rel. 15.   
· A limited functionality (‘limited’) NC ULCA, which allows UE to limit its UL transmission to a single cluster of contiguous aggregated carriers.
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Figure 2.1.-1: Full featured vs Limited NC ULCA
Figure 2.1-1 illustrates the two NC ULCA concept variants in graphic form. The example shows 6 CCs arranged in a non-contiguous 1+5 configuration, which in turn complies with declared support of CA BW class and frequency separation. A special note on the last example: The UL CC configuration would be valid for a full featured NC CA implementation only if another BW class, like (3A) was also supported, but not on account of support for the 1+5 configuration.
Full-featured NC ULCA 
The full-featured NC ULCA version is the gold standard, because it allows networks maximum flexibility in scheduling UL. Active UL configurations can include both, contiguous and non-contiguous arrangements. A concise, but informal description of this variant is ‘the UL analogue of rel. 15 DL CA capability’. Note that CC configuration in rel. 15 DL CA must remain compliant with the list of declared CA BW classes. For example, the network may not choose 3 non-contiguous CCs from a block of 5 contiguous CCs unless (3A) is also listed as a supported configuration.
Limited NC ULCA 
The limited NC ULCA on the other hand is a calculated simplification of the UE architecture while taking away some scheduling flexibility from the network. In the limited NC ULCA proposal, only contiguous CCs from a single subset BW class may be activated for UL by the network at any time. There is a possible switching time ramification as the UE with limited NC CA capability reconfigures itself when the network reassigns which UL CCs are active.
1.1.1.1 Switching Time for limited NC ULCA
We look at both, a system perspective and a UE’s implementation perspective.
Existing rel. 15 framework in NR already allows for low latency switching when extended to the case of limited NC ULCA. In a low latency scheme, all available UL CCs would be configured and active for UL, but allocation would be limited to contiguous CCs by the network. Switching time between utilizing one cluster of CCs and utilizing another would be gated mainly by UL grant latency.
Observation 1: NR framework allows low latency switching from one contiguous cluster of CCs to another, in case of limited NC UL CA
Rel. 15 UEs ULCA capability is limited to contiguous carriers. While the network may have a ‘CC reconfiguration event’, note that there is no explicit mention of CC switching time for ULCA in rel. 15. It is understood that the UE reconfiguration timelines are compatible with the latency allowance extended by the network, based on the reconfiguration method it adopts. For continuity, this convention can be extended to NC ULCA operation also.
Observation 2: No explicit mention of CC switching time is necessary to enable limited NC ULCA capability in rel. 16
Potential signaling requirements
Rel. 15 UEs must support intra-band NC DL CA operation. It is natural to evaluate it as a starting template to cover NC UL CA capability for rel. 16. In rel. 15, the system uses an elaborate signaling framework for a UE to convey to the network, a list of combinations it can support in each band using IE BandCombinationList. TS38.331 defines the IE as a list of NR CA and/or MR-DC band combinations (also including DL only or UL only band). The list comprises multiple BandCombination entries, each of which contains a pairing of UL and DL CA BW classes. Another relevant IE, FreqSeparationClass, a separate declaration, constrains the network in choosing the UE’s UL CC locations in frequency. The reader is referred to TS38.331 for more details.
When a rel. 15 UE signals its support of DL NC CA BW class B-G for example, the network interprets that the UE can support one cluster of contiguous BW class ‘B’ and a second cluster of contiguous BW class ‘G’. Further, in rel. 15, there is no restriction on usage of CCs for DL that conform to declared BW class (B-G); the network may choose to use CCs from either contiguous cluster, or from both. Recall that in a full-featured NC UL CA variant, the network would enjoy similar flexibility and constraints in choosing UL CCs. For consistency of signaling in UL and DL, we propose that when a UE conveys NC UL CA capability, it is understood to be for full-featured NC UL CA. Going back to our example, if the UE signals B-G for UL also, it means that it can support any combination of UL CCs that qualify as a subset of B-G, without regard to gaps or relative location as long as intraBandFreqSeparationClassUL is respected. 
Proposal 1: Analogous to rel. 15 NC DLCA, when a rel. 16 UE declares support for an NC ULCA combination, the network shall assume that the choice of active UL CCs is constrained only by the UE’s declared UL NC CA BW classes and UL frequency separation. 
Consistency in signaling for UL and DL was a strong motivation for proposal 1, but it does not provide for limited NC UL CA capability as described in 2.1.2. Should RAN4 decide to enable limited NC UL CA, additional signaling would be required to capture the UE’s constraints. 
Proposal 2: Additional signaling shall be established so a rel. 16 UE can signal further limitations in choice of active UL CCs, relative to implication of UE capability per proposal 1. 
Work Plan
To complete the induction of the NC ULCA three main items must be resolved:
· Definition of the UE’s NC ULCA feature (‘feature’): full-featured? Limited? Both?
· Definition of any signalling relevant to the feature, communication to other WGs: Necessary if limited NC ULCA is enabled as feature in RAN4
· Definition of any RF requirements relevant to the feature
For this feature, new signalling may be required based on feature definition – only one of the possible outcomes will mandate new signalling (see proposal 2). Once feature definition is established, RAN4 can set up parallel paths of development so 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 2.3-1: Proposed work plan for Enhanced CA DL aggregated BW feature
Thoughts on impact to RF requirements
In order to complete to enable NC ULCA, other items in the standard must also be addressed. A non-exhaustive list is below:
· Emissions Requirements
· CA MPR
· CA AMPR
· Configured power, in the case of limited NC ULCA
· Spherical coverage requirement, for larger frequency separations than in rel. 15
· (Trivial) Adding Intra-band NC CA to applicability of clauses that only reference intra-band contiguous CA
We address emissions requirements in the context of NC ULCA in a companion contribution [2]
Other RAN4 items
A discussion may be necessary to weigh if a new notation scheme must be introduced for limited NC ULCA. The existing notation implies a full-feature NC ULCA.
Conclusion
The two NC CA variants, full-featured and limited, were discussed in the backdrop of existing CA functionality and signalling in rel. 15.
Consistency in signaling for UL and DL, and existing convention DL CA in rel. 15 lead us to propose:
Proposal 1: Analogous to rel. 15 NC DLCA, when a rel. 16 UE declares support for an NC ULCA combination, the network shall assume that the choice of active UL CCs is constrained only by the UE’s declared UL NC CA BW classes and UL frequency separation. 
Should RAN4 decide to enable ‘limited’ NC UL CA, rather than full featured NC UL CA, additional signaling would be required to capture the UE’s constraints in configuring multiple UL CCs.
Proposal 2: Additional signaling shall be established so a rel. 16 UE can signal further limitations in choice of active UL CCs, relative to implication of UE capability per proposal 1. 
We also identified other requirements that must be reconsidered to enable NC UL CA. These items will be addressed separately.
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The objective of the FR2 RF rel. 16 WID is reproduced below. The highlighted section is the motivation for this contribution.
[image: ]
1

2

image1.png
4 Objective
4.1 Objective of Sl or Core part WI or Testing part WI

‘The purpose of this work item is to specify the following FR2 UE requirements:

Enhancements methods for avoiding radio link failures and connection releases due to significant and

unpredictable UE P-MPRs due to the FR2 UE R exposure compliance reasons

> This work is started after RAN#84 when the Rel-15 requirements are completed

FR2 UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL

reference signal (SSB or CSI-RS) configured by the network

> This work is started after RAN#84 when the Rel-15 Beam Correspondence requirements are completed

> UE capability for supporting SSB based on BC and/or CSI-RS based on BC will be further discussed in WI
phase.

> These requirements are only valid from Rel-16 onwards

FR2 UE requirements for contiguous intra-band DL CA for aggregated bandvwidth larger than 1400 MHz

FR2 UE requirements for non-contiguous intra-DL CA for ageregated bandwidth larger than 1400 MHz FR2 UE

requirements for contiguous UL CA

FR2 UE requirements for inter-band DL CA

FR2 UE requirements for inter-band UL CA

> Phase 1: Study if both simultaneous UE transmission on aggregated UL carriers and_non-simultaneous
transmission on aggregated UL carriers with UE switching between two carriers could and should be
specified. Study potential impacts of non-simultaneous transmission on RAN1 and/or RAN2 specifications

> Phase 2: Define FR2 UE requirements for inter-band UL CA based on the outcome of the Phase 1 study

‘Enhance FR2 UE MPR requirements by balancing with in-band emission requirements

‘This work item will also study, if FR2 UE spherical coverage requirements for PC3 for >20%-tle can be defined.




