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1. Introduction

In the RAN4 #84bis meeting was agreed in [1] that NR CA bandwidth class shall be with aggregated channel bandwidth and number of contiguous CC(s), and it was also agreed that NR CA BW class A shall be defined with one CC. In this contribution we provide the definition for the CA BW Class for FR2 in terms of number of CCs, aggregated bandwidth and maximum frequency separation.
This paper focuses on the CA BW class definition for FR2.
2. Discussion
2.1 Background

Agreements from RAN4 #84bis [1]:

	Proposal 1 NR CA bandwidth class shall be with aggregated channel bandwidth and number of contiguous CC(s)

Proposal 2 NR CA BW class A shall be defined with one CC.


LS on mmWave UE NC CA capability signalling [2]:
	RAN4 has discussed NC CA support for mmWave and has agreed that some UEs may be able to support NC CA only when CC frequency separation is smaller than full width of the operating band and some UEs can support any CC placement. UE should therefore have means to inform network if it has this limitation. 

The followings are the RAN4 preliminary signaling thinking to cover that issue.

Most feasible way for UE to inform network of its NC CA CC frequency separation capability is done from outer edge to the outer edge of the outmost CCs. 

The UE support of NC CA is conditioned on the frequency separation (gap) between the CCs. This capability may be different for UL NC CA and DL NC CA.

RAN4 would also like to note that the MIMO capability for intra-band NC CA may depend on the CC frequency separation supported.


Agreements from RAN4 #85 [3]:
	Agreements

· BW class C is agreed to be 2 CC

· CA acronym is used at least for NW deployments
· RAN4 to hold off NR CCA proposals till CA bandwidth class is clearly defined.
Way Forward
· Companies to study whether a separate CCA acronym is needed from UE side to address different UE architecture.
· From signaling point of view

· From UE RF requirements point of view

· Other possible signaling solutions to address the topic  

· How to define BW Class for Contiguous Intra-band DC

· Study if only one CA bandwidth class table for both new NR bands and LTE re-farmed bands is sufficient.


2.2 CA BW class definition
Because the deployment scenarios and UE architecture is significantly different between FR1 and FR2, it may not be reasonable, from a signalling point of view, to maintain a single CA BW class table for both frequency ranges. Thus, it is proposed to separate the CA BW class tables for FR1 and FR2.

Proposal 1:
Specify separate NR CA BW class tables for FR1 and FR2.
From the specification point of view, it is quite straightforward to implement, since TS38.101 is already split by frequency ranges. In fact, trying to maintain a single CA BW class table across both specifications may become problematic.

The situation with spectrum in FR2 has motivated the definition of a number of non-contiguous CA combinations in n257 (2 CCs), n258 (2 CCs), and n260 (8 CCs). The full span of these bands equals or exceeds 3 GHz and presents a technical challenge for practical UE implementations. Toward this end, it has been agreed to that the UE support of NC CA is conditioned on the frequency separation of the non-contiguous CCs and may also be different for DL and UL [2].
Given the agreements on the definition of NR CA BW classes during RAN4 #85 [3], where the LTE notation of contiguous CCs was agreed, we observe that the definition of intra-band non-contiguous combinations becomes rather unwieldy.  For example, the 8 CC n260 combination is written as n260A-n260A-n260A-n260A-n260A-n260A-n260A-n260A, yet this notation still does not provide the necessary detail about the combination’s total span nor the DL & UL information.  In our understanding, there are two options to handle this issue in the Rel-15 specification:
Option 1:
Continue to define non-contiguous intra-band CA combinations by using Class A from the CCA table and introduce the necessary UE capabilities to handle the total frequency span (for DL and UL separately).
Option 2:
Create a new definition of a non-contiguous intra-band CA BW class which can incorporate the parameters associated with the total aggregated BW, the number of CCs, and the total frequency span (for DL and UL separately).
If we implement Option 1 in the specification, then two new UE capabilities are needed per combination: one capability to signal the maximum DL frequency span supported by the UE and another to signal the maximum UL frequency span. It should also be clarified that by not signalling the maximum UL frequency span capability to the network, the UE informs the network that it does not support UL CA in the given combination.
Proposal 2:
If Option 1 is chosen, then a new UE capability is needed to signal the maximum DL frequency span supported by the UE for an intra-band non-contiguous CA combination in FR2; another new capability is needed to signal the maximum UL frequency span supported by the UE for an intra-band non-contiguous CA combination in FR2; by not signalling the maximum UL frequency span capability to the network, the UE informs the network that it does not support UL CA in the given combination.
Based on our understanding of the potential deployment plans for NR FR2, supporting the full frequency span for intra-band non-contiguous combinations is not necessary and presents a number of technical challenges which can be traded off against more efficient implementations:  especially from the point of view of power consumption. Thus, based on our understanding, the maximum span to be targeted for Rel-15 deployments is 1200 MHz.

Proposal 3:
If Option 1 is chosen, then the maximum frequency span of an intra-band non-contiguous CA combination in FR2 is 1200 MHz. Lower values should also be possible for solutions which are better optimized to specific markets or deployment scenarios. Thus, the range of frequencies proposed for this new capability is {800, 1200} MHz.

A possible illustration of the implementation of Option 2 is shown in Table 1 below. This approach can be easily scaled across releases by including additional classes to capture additional frequency spans or UL CA configurations.  We note here that in Rel-15 no intra-band CA combinations in FR2 have proposed UL CA.  However, in future releases this situation may change, and it makes sense to future-proof the specification in this regard.
Table 1: Proposed intra-band non-contiguous CA bandwidth classes
	NR NC CA bandwidth class
	Aggregated channel bandwidth
	Number of DL CCs
	DL frequency span
	Number of UL CCs
	UL frequency span

	A
	CBW ≤ 400 MHz
	2
	800 MHz
	1
	not supported

	B
	CBW ≤ 800 MHz
	8
	800 MHz
	1
	not supported

	C
	CBW ≤ 800 MHz
	8
	1200 MHz
	1
	not supported


The classes proposed in Table 1 can be directly mapped to RF requirements in TS38.101-2:  the requirements for Class A in this example have already been captured in v1.0.0 of the specification, while requirements for B and C still need to be developed. This approach also does not place unnecessary constraints on the UE implementation:  taking Class C as an example, a UE capability to support an aggregated channel bandwidth of 800 MHz with 8 CCs within 1200 MHz can be realized in large number of different combinations of CC bandwidths, but the RF requirements for such a scenario should be unified in the specification. Furthermore, if UC non-contiguous CA combinations are added in future releases, the NR NC CA bandwidth class can be easily extended to support them, together with the appropriate UL frequency span parameter.
The main advantage of the Option 2 approach to define the NC CA bandwidth classes is that the signalling overhead is reduced to a single indication by the UE.  These NC CA bandwidth classes can be further encapsulated into bandwidth class sets, thereby reducing the signalling overhead even further.
Proposal 4:
Select Option 2 and create a new definition of a non-contiguous intra-band CA BW class which can incorporate the parameters associated with the total aggregated BW, the number of CCs, and the total frequency span (for DL and UL separately). Since in Rel-15 UL CA is not in scope for any FR2 CA combination, the UL frequency span parameter is used to indicate that the UE does not support UL CA.
3. Conclusions
In FR2 we anticipate the most common CA case to be non-contiguous CA. Therefore, the impact of the definition of the NR CA BW class onto the specification and signalling of NC CA combinations should be considered. In this paper we have proposed two approaches to handling the specific challenges associated with NC CA combinations in FR2 and have made the following proposals:

Proposal 1:
Specify separate NR CA BW class tables for FR1 and FR2.
Option 1:
Continue to define non-contiguous intra-band CA combinations by using Class A from the CCA table and introduce the necessary UE capabilities to handle the total frequency span (for DL and UL separately).
Option 2:
Create a new definition of a non-contiguous intra-band CA BW class which can incorporate the parameters associated with the total aggregated BW, the number of CCs, and the total frequency span (for DL and UL separately).
Proposal 2:
Select Option 2 and create a new definition of a non-contiguous intra-band CA BW class which can incorporate the parameters associated with the total aggregated BW, the number of CCs, and the total frequency span (for DL and UL separately).
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