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Introduction
In [1], we outlined a brief work plan that recommended completion of the Rel. 16 NC UL CA feature (‘the feature’) definition in RAN4#92-Bis. In this contribution, we propose a definition for the NC UL CA feature, with a path for future refinement during the WI phase.
Discussion
Introduction of NC Intra-band UL CA in rel. 16 is a much-needed enhancement in FR2 UL. The high-level schedule for feature completion is reproduced below from [1]:
	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. In this contribution, any further reference to UL CA assumes intra-band type.
1.1. The starting point (rel. 15 intra-band CA capability)
While the feature we are discussing is limited to UL, a wider perspective is useful in this case. 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, 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.
Feature Discussion: NC UL CA Variants 
In [1], we outlined 2 variants of NC UL CA. A graphic aid to differentiate between the two variants is in figure 2.2-1 below.
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Figure 2.2-1: Full featured vs Limited NC ULCA

Full-featured NC UL CA 
[bookmark: _Hlk19696224]In full-featured NC UL CA, the network assumes that spectrum usage for UL is constrained only by the UE’s declared UL NC CA BW classes, maximum BW of each CC, and UL frequency separation. Any combination of contiguous and non-contiguous CCs may be used for UL traffic, contingent on UE declaration of support. 
Equivalently, a concise, but informal description of this variant is ‘the UL analogue of rel. 15 DL CA capability’. The full-featured NC UL CA version allows networks maximum flexibility in spectrum usage for UL. 
Due to the strong similarity between existing rel. 15 DL CA framework and full-featured NC UL CA, it is natural to expect that existing rel. 15 CA framework, when used in context of UL, refers to full featured NC UL CA, without special limitations. This type of assumption allows the signaling framework to be consistent between UL and DL. 
Note that rel. 15 signaling already supports UE declaration of NC UL CA. We conclude that no new coordinating work involving other WGs is required to enable full-featured NC UL CA. Enabling full featured UL CA is gated only by determining MPR rules, an activity contained wholly inside RAN4.
We can capture the gist of this section in the proposals below.
Proposal 1: When a rel. 16 UE declares support for an NC UL CA combination, unless otherwise signaled, the network shall assume that the spectrum usage for UL is constrained only by the UE’s declared UL NC CA BW classes maximum BW of each CC and UL frequency separation. 
The system already has hooks to implement NC UL CA on the network side. A possible arrangement would be to configure UL and DL CCs per spectrum availability but activate and deactivate based on throughput demand. This scheme would require the network to account for Scell activation/deactivation times. A second scheme would be to activate all CCs, and only use allocation grants to dynamically use CCs for throughput. This scheme has very low latency, but it is very expensive in terms of UE power consumption. We cannot recommend this approach as a long-term deployment solution.
Observation 1: It is preferable to minimize activation of CCs, because it increases power consumption in UEs.
The reconfiguration method used (for example RRC, MAC or DCI) has an implied timeline for the UE to follow, and no new specification is necessary, as we stated in [1].
Limited NC UL CA 
In the limited NC UL CA scheme, UL usage is limited to a contiguous set of CCs in any one of many supported sub-blocks. It represents an extension of rel. 15 UL CA capability, where UL usage is limited to contiguous CCs in just the one contiguous block. 
This scheme is like the one proposed in [2]. The immediate benefactor of the feature limitation is UE architecture, which can offer some NC capability while retaining rel. 15 level of implementation complexity, with knock-on benefits to market adoption. On-going RAN4 work may also show reduced back off requirements if a UE’s UL CA configuration is limited to contiguous CCs. This benefit is not unique to the ‘limited’ variant, however. Both variants, the full featured and the limited, would require similar back off for similar UL allocation configuration. 
Observation 2: Both variants of NC UL CA, the limited and the full featured, would require similar PA back off for equivalent allocations.
To enable limited NC UL CA as a feature, additional signaling is required to capture the UE’s constraints, because existing signaling framework is naturally associated with full-featured NC UL CA, as captured in proposal 1. 
When such a UE declares UL CA support, for say (E-Q), the intent is for the network to assume the UE can support UL either in BW class E or in BW class Q. Pursuant to a recent agreement regarding fallbacks however (see Annex 2), some UEs do not allow that interpretation; the network can only assume (E-Q) can fallback to A. These UEs must now signal UL CA support for class E and class Q explicitly and separately. At this point however, the limited NC feature is indistinguishable from the rel. 15 UL CA feature. For UEs that retain the older, more general fallback rule, the limited NC feature represents some very minor saving in signaling message length. We hence think the limited NC UL CA as proposed here and in [1],[2] are not attractive as enhancements over rel. 15 UL CA capability.
Observation 3: A limited NC UL CA scheme, where UL usage is limited to a contiguous set of CCs in any one of many supported sub-blocks, is not attractive as an enhancement to rel. 15 UL CA capability. 
Other limited schemes may be viable.
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
· 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 [3]
Conclusion
Two NC UL CA variants, full-featured and limited, were discussed in the backdrop of existing CA framework in rel. 15. 
We first defined the full featured NC UL CA, informally captured as ‘the UL analogue of rel. 15 DL CA capability’. Due to the strong similarity between existing rel. 15 DL CA framework and full-featured NC UL CA, we proposed:
Proposal 1: When a rel. 16 UE declares support for an NC UL CA combination, unless otherwise signaled, the network shall assume that the spectrum usage for UL is constrained only by the UE’s declared UL NC CA BW classes maximum BW of each CC and UL frequency separation. 
Multiple methods are available in the system for the network side to implement the full-featured NC UL CA. There are UE power dissipation ramifications to these methods however, in addition to the well-understood latency considerations.
Observation 1: It is preferable to minimize activation of CCs, because it increases power consumption in UEs.
We turned our attention to a limited NC UL CA proposal, where UL usage is limited to a contiguous set of CCs in any one of many supported sub-blocks. We do not see reduced PA back off requirements with this scheme compared to the full-featured approach: 
Observation 2: Both variants of NC UL CA, the limited and the full featured, would require similar PA back off for equivalent allocations.
[bookmark: _GoBack]Finally, we discussed how a limited scheme may be implemented, and found that it may not have enough benefits over rel. 15 UL CA capability, especially for UEs that declare that they implicitly support only the trivial fallback option.
Observation 3: A limited NC UL CA scheme, where UL usage is limited to a contiguous set of CCs in any one of many supported sub-blocks, is not attractive as an enhancement to rel. 15 UL CA capability. 
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Annex 1
The objective of the FR2 RF rel. 16 WID is reproduced below. The highlighted section is the motivation for this contribution.
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Annex 2
The following wording was inserted into 38.101-2 in RAN4#92 which changes network assumptions regarding UE fall-back support.
A terminal which supports CA or DC configurations, which include FR2 intra-band CA combinations with multiple subblocks, where at least one of the subblocks consists of a contiguous CA combination, is not required to support all possible fallback combinations but can directly fall back to a single FR2 carrier. Deactivating carriers within the CA or DC combination is still possible.
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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.




