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1. Introduction
In this contribution we discuss the benefit of introducing a CAC per NR-U Channel as additional load metrics for NR-U.

2. Discussion
In this paper, additions of load metrics are discussed, considering the scenarios below:
· Cells with multiple NR-U channels
· Impact of second tier neighbors

2.1 Cells with multiple NR-U channels 
According to its definition, the Composite Available Capacity Group IE “indicates the overall available resource level per cell and per SSB area in the cell in Downlink, Uplink and Supplementary Uplink.”. However, this metric does not consider the NR-U channel granularity. This means that the capacity available for a certain NR-U channel is not known. So, for example if a cell has two (or more) NR-U channels, it it not possible to know how the cell available capacity is distributed in the different NR-U channels. This can lead to wrong load balancing decisions, as explained in the example below, where multiple NR-U channels are used in one cell.
Say that we have one “source” cell A, with only one NR-U channel, and a potential target Cell B, with two NR-U Channel, 1 & 2. The Cell B has CAC=40%, while another potential target Cell C (for simplicity, with only one NR-U Channel) has CAC=50%. Cell A sees Cell C as preferred, and load balancing is performed towards cell C. 
However, it might be that NR-U Channel 1 in Cell B has an NR-U Channel CAC) of 20% and NR-U Channel 2 in Cell B has an NR-U Channel CAC of 60%. If this information is provided to Cell A, the load balancing decision will change.
In summary, we see a benefit to report the available capacity of an NR-U channel.
 
Proposal 1: Add CAC per NR-U Channel as new NR-U load metrics.

How to implement it? One possibility is to add a Composite Available Capacity Group IE directly as part of one NR-U Channel Item IE, as represented in table below.
	>>NR-U Channel List
	
	0..1
	
	
	YES
	ignore

	[bookmark: _Hlk130910762]>>>NR-U Channel Item
	
	1..<maxnoofNR-UChannelIDs>
	
	
	–
	

	>>>>NR-U Channel ID
	M
	
	INTEGER (1.. maxnoofNR-UChannelIDs, …)
	The NR-U channel utilised in the last reporting period 
	–
	

	>>>>Channel occupancy time percentage DL
	M
	
	INTEGER (0..100)
	The percentage of time for which the channel resources have been utilised for DL traffic served by the corresponding NR-U Channel of the serving cell. Value 100 corresponds to the duration between consecutive reporting.
	–
	

	(skip)

	>>>> Composite Available Capacity Group NR-U Channel
	
	
	[bookmark: _Hlk44419275]9.2.2.51
	
	YES
	Ignore



In the next section we discuss how this can be used to consider the impact of second tier neighbors.

2.2 Impact of second tier neighbors
We think it is beneficial for a gNB that takes load balancing decision to consider the impact of second tier neighbors due to NR-U transmissions. To exemplify, we consider the scenario in the figure below, where Cell 1 in gNB1 is the source cell, and Cell 2 in gNB2 and Cell 3 in gNB3 are potential target cells for load balancing. Xn signaling is available between gNB1 and gNB2, between gNB2 and gNB3, but it is not available between gNB1 and gNB3. The gNB1 needs to understand whether the Cell 2 in gNB2 is a good candidate for load balancing. In fact, it can happen that the available capacity of the NR-U channel that will serve the UE after the handover in Cell 2 is reduced due to NR-U transmissions in Cell 3, but this impact is not considered as of today.

[image: ]
Instead of exchanging “COT percentage” of second tier neighbors, the gNB 2 can just report to the gNB 1 the available capacity of the NR-U channels operating in Cell 2. If Cell 2 has only one NR-U channel, the NR-U transmissions occurring in Cell 3 can be factored in the CAC of Cell 2. However, there can be up to 4 NR-U Channels in one cell, so the legacy metric on CAC for Cell 2 is not enough. Therefore, we propose to add a CAC per NR-U Channel, and the reduction in available capacity for the NR-U Channels in Cell 2, caused by the NR-U transmissions in Cell 3 can be included in the CAC of the NR-U Channel reported from gNB 2 to gNB 1.

We also note that the existing CAC metric includes indication of SSB Area Capacity value, as shown below:

[bookmark: _Toc14207859][bookmark: _Toc44497642][bookmark: _Toc45108030][bookmark: _Toc45901650][bookmark: _Toc51850730][bookmark: _Toc56693733][bookmark: _Toc64447276][bookmark: _Toc66286770][bookmark: _Toc74151465][bookmark: _Toc88653938][bookmark: _Toc97904294][bookmark: _Toc98868381][bookmark: _Toc105174666][bookmark: _Toc106109503][bookmark: _Toc113825324][bookmark: _Toc120033480]9.2.2.54	Capacity Value
The Capacity Value IE indicates the amount of resources per cell and per SSB area that are available relative to the total NG-RAN resources. The capacity value should be measured and reported so that the minimum NG-RAN resource usage of existing services is reserved according to implementation. The Capacity Value IE can be weighted according to the ratio of cell capacity class values, if available.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 indicates no available capacity, and 100 indicates maximum available capacity with respect to the whole cell. Capacity Value should be measured on a linear scale.

	SSB Area Capacity Value List
	
	0..1
	
	

	>SSB Area Capacity Value Item
	
	1..<maxnoofSSBAreas>
	
	

	>>SSB Index
	M
	
	INTEGER (0..63)
	

	>>SSB Area Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 indicates no available capacity, and 100 indicates maximum available capacity . SSB Area Capacity Value should be measured on a linear scale.





So, if we consider the same example scenario, we can see that the exchange of CAC per NR-U Channel is beneficial also when the coverage of Cell 2 is provided by more than one SSB areas. For example, the coverage of Cell 2 can be provided by two SSB areas, where one SSB area is for an SSB beam facing towards area “A”, and the other SSB area is for an SSB beam facing towards area “B”. In this case, it is very beneficial for gNB 1 to know the available capacity of the NR-U channel in the SSB Area that covers “A”, since that is the coverage area towards which the UE will be handed over to. 
In other words, if gNB 1 is informed about the CAC of NR-U Channel for the SSB Area that covers “A”, this information is very relevant for gNB1 to take appropriate load balancing decisions, while the CAC of NR-U Channel for the SSB Area covering “B” this is not relevant. Note that, in case of NR-U transmissions occurring in Cell 3, those can be taken into account in terms of a reduced available capacity for the NR-U Channel in the SSB Area covering “B”.

In summary, we think introducing CAC per NR-U Channel is beneficial, and we propose to add it as detailed in the TP in R3-23xxxx.

Proposal 2: Agree on the TP provided in R3-233098.

3. Conclusion
In this paper, the following proposal is made:

Proposal 1: Add CAC per NR-U Channel as new NR-U load metrics.
Proposal 2: Agree on the TP provided in R3-233098.
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