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1	Introduction
In [1], 	“Number of active UEs” and “UEs in RRC_CONNECTED mode” are mentioned and proposed as follows.
“Proposal 10 Further discuss and evaluate the benefits of adding number of active UEs and number of UEs in RRC_CONNECTED compared to the currently agreed load information.”
Based on the proposal, this contribution discusses the benefits on these two metrics.
2	Discussion
2.1 Related description in [1]
Following is quoted from [1].
 (
At RAN3#105bis, some companies proposed to consider the number of active UEs and/or the number of UE in RRC_CONNECTED mode as additional types of load information. While the proposal is interesting, a thoroughly analysis of 
how these metrics could be used for load balancing
 and 
their potential benefit over other metrics
 is still lacking. For instance, some companies noticed that the number of active UEs is very dynamic and can be zero in many cases, other companies noticed that some UEs, while being active or in RRC_CONNECTE mode, only have signalling connection and do not contribute to the cell load (in terms of, e.g., PRB utilization, etc.). Therefore, it is not obvious from the discussion held at the RAN3#105bis meeting whether this is a good metric for cell load and how it could be utilized. From our perspective, given that RAN3 has already agreed to introduce at least CAC per cell, load per cell and more, we should further discuss and evaluate the benefits of adding number of active UEs and number of UEs in RRC_CONNECTED compared to the currently available load information.
)
From above, two potential discussion points are identified.
Observation 1: Some companies would like to discuss following on “active UEs” and “UEs in RRC_CONNECTED”
-how these metrics could be used for load balancing
-their potential benefit over other metrics
In following section, on these two metrics, these two aspects are analysed.

2.2 How these metrics could be used for load balancing
2.2.1 Active UEs
2.2.1.1 Evenly distribution from bitrate pov
As mentioned in [2], one of the purpose of the load management is “to distribute cell load evenly among cells” as agreed in BL CR [3]. One purpose is for providing higher bitrates by avoiding uneven distribution as mentioned in [4]. Thus, some reporting is required to indicate the bitrate UEs achieve to (re-)distribute UEs.
Observation 2: RAN3 needs to introduce the reporting to indicate the bitrate UEs achieve for avoiding uneven distribution.

As mentioned in [2], if some data in buffer (based on the active UE definition), the common radio resource (i.e. PRBs) in the cell would be consumed to transfer it. So, the radio resource would be divided by number of active UEs in general. Thus, the more active UEs are, the lower the achievable bitrate for the cell would be. Thus, it would reflect the bitrate UEs achieve.
For example, if there are two cells where radio quality/ bandwidth is same/similar and 2 active UEs in one cell and 5 active UEs in the other cell  (in same QCI), the former cell can be assumed as higher bitrate can be achievable. 
(Note that, only with UEs in RRC_CONNECTED, it is difficult to compare because some RRC_CONNECTED UEs may not have any data to be transmitted/received (i.e. the common radio resources are not used by the UEs).)
Following figure illustrates above
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Figure 1. Which cell to go based on number of active UEs

Observation 3: “Active UEs” reflect the bitrate UEs achieve because the common radio resource (i.e. PRBs) in the cell is divided by active UEs.

2.2.1.2 Dynamicity/Range of this metric 
As mentioned in [1], some were questioned on the dynamicity of the value; if the value is so dynamic, considering e.g. X2 delay, it would be meaningless. However, in real world, it would not be so dynamic because usually there are many UEs in a cell. For example, if several hundreds of UEs are there, the situation is not different so much if fluctuating around several tens of UEs. (And, if the number is similar, wrong selection would not be huge issue.)
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Figure 2. The outline is not affected by the dynamicity

Observation 4: The dynamicity of “number of active UEs” does NOT impact so much because usually there are many UEs in a cell

Furthermore, some said that, in practical case, the number of active UEs is “0”. However, from the experience of the real filed, it must be wrong. Nevertheless NR bandwidth would be more than the one of LTE, it is not infinite; there is clear upper limitation. So, if there are many UEs, it is not realistic that the number of active UEs is “0.” 
Observation 5: It is not realistic where the number of active UEs is “0” because (1) The bandwidth is limited and (2) there are many UEs in one cell in real world.

2.2.1.3 Signalling only UEs
As mentioned in [1], some were questioned on signalling only UEs because it seems not counted as  active UEs (i.e. the definition for this measurement refers to “UEs for which there is buffered data for the DL/UL for DRBs”). However, why signalling only UEs supports only signalling? Because the UE seems NOT to transfer so much data. And, the majority of UEs still seem to be normal UE which support both C-plane and U-plane. So, it doesn’t affect so much on bitrate.
Furthermore, if such UEs are not negligible, other report can also be considered. Thus, this is not critical showstopper.
Observation 6: The existence of signalling only UEs cannot be showstopper because (1) it doesn’t affect so much on bitrate considering the UE seems NOT to transfer so much data (2) the majority of UEs still seem to be normal UE which support both C-plane and U-plane and  (3) other report can also be considered if not negligible.

2.2.2 UEs in RRC_CONNECTED
2.2.2.1 Evenly distribution from C-plane pov
As mentioned in [2], one of the purpose of the load management is “to distribute cell load evenly among cells” as agreed in BL CR [3]. One purpose is avoiding uneven distribution from C-plane pov. Thus, sine reporting is required to indicate the bitrate UEs achieve to (re-)distribute UEs.
Observation 7: RAN3 needs to introduce the reporting to indicate the C-plane congestion level for avoiding uneven distribution.
As mentioned in [5] and [6], this metric is corresponds to C-plane congestion level. If some UEs are in RRC_CONNECTED, the common RRC resource (e.g. PUCCH for PHY) would be consumed.
Following figure illustrates above
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Figure 3. Which cell to go based on number of UEs in RRC_CONNECTED

Observation 8: “UEs in RRC_CONNECTED” reflect the C-plane congestion level because the common radio resource (i.e. PRBs) in the cell is divided by UEs in RRC_CONNECTED.

2.2.2.2 Supplemental information for evenly distribution from data rate pov
As mentioned in [2], “active UEs” can indicate the bitrate UEs can achieve. However, this parameter just indicates buffered UEs at the moment. Thus, it cannot adopt surge of traffic.
For example, at soccer stadium, number of active UEs may be low during game as people are concentrating on watching game. But, once entering half time, there would be surge of traffic and load management will take some time to handle it. So, it would be better to consider such traffic surge in advance.
To estimate surge of traffic, “UEs in RRC_CONNECTED” seems useful because it can be used to estimate potential active UEs; all UEs RRC connected has possibility to be “active UEs.”
Following figure illustrates above.
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Figure 4. Supplemental information for evenly distribution from data rate pov

Observation 9: “UEs in RRC_CONNECTED” reflect the potential “active UEs”
2.2.2.3 Signalling only UEs
Even with signalling only UEs, when transferring/receiving the data, UEs are in RRC_CONNECTED. So, this metric can reflects such UEs. 
Observation 10: “UEs in RRC_CONNECTED” reflect the signalling only UEs

2.3 Potential benefit over other metrics
As mentioned in [5], the agreeable metric on this stage needs to satisfy two conditions. One is unified definition between vendors (for inter-vendor operation). The other is not expose vendor equipment capability (for vendor preference.)
Observation 11: For agreeable metric, following two condition would be required.
- unified definition between vendors (for inter-vendor operation)
- not expose vendor equipment capability (for vendor preference.)

Following table summarizes each metric from above two points including what type of load can be indicated.


Table 1 comparison of each metric on the table
	
	Type of load
	Unified 
definition
	Not expose capability
	Note

	
	Radio
	TNL
	Others
(e.g. processing
 power)
	
	
	

	Active UEs
	X
	X
	X
	X
	X
	Mainly for U-plane

	UEs in RRC_CONNECTED
	X
	X
	X
	X
	X
	Mainly for C-plane

	PRB Usage
	X
	
	
	X
	X
	

	Composite Available Capacity
	X
	X
	X
	
	X
	Just overall available resources

	Hardware Load Indicator
	X
	X
	X
	
	X
	

	S1 TNL Load Indicator
	
	X
	
	?
(Under 
discussion)
	X
	



From above, following observation is obtained.
Observation 12: Only “active UEs” and “UEs in RRC_CONNECTED” can indicate “whole load” with satisfying the conditions.

Furthermore, it would be easy to find cons on any metric on the table. For example, PRB Usage for traffic can easily be 100% if there are several UEs. Active UEs can reflect only U-plane situation and so on.
However, it is totally not constructive discussion; on good implementation, RAN nodes should perform MLB with combining metrics as much as possible. Thus, if necessary, tiny cons would be covered by other metrics.
Observation 13: Finding tiny cons on each metric would be meaningless because RAN nodes usually performs MLB with combining these metrics

Considering this, “active UEs” and “UEs in RRC_CONNECTED” are already justified well.
Thus, following proposed.
Proposal: RAN3 to add “active UEs” and “UEs in RRC_CONNECTED” in load reporting

[bookmark: _Toc462752872][bookmark: _Toc486184477]3	Conclusion
This contribution discusses the benefits on two metrics (i.e. active UEs” and “UEs in RRC_CONNECTED”).
Following observations and proposals were obtained.
Observation 1: Some companies would like to discuss following on “active UEs” and “UEs in RRC_CONNECTED”
-how these metrics could be used for load balancing
-their potential benefit over other metrics
Observation 2: RAN3 needs to introduce the reporting to indicate the bitrate UEs achieve for avoiding uneven distribution.
Observation 3: “Active UEs” reflect the bitrate UEs achieve because the common radio resource (i.e. PRBs) in the cell is divided by active UEs.
Observation 4: The dynamicity of “number of active UEs” does NOT impact so much because usually there are many UEs in a cell
Observation 5: It is not realistic where the number of active UEs is “0” because (1) The bandwidth is limited and (2) there are many UEs in one cell in real world.
Observation 6: The existence of signalling only UEs cannot be showstopper because (1) it doesn’t affect so much on bitrate considering the UE seems NOT to transfer so much data (2) the majority of UEs still seem to be normal UE which support both C-plane and U-plane and  (3) other report can also be considered if not negligible.
Observation 7: RAN3 needs to introduce the reporting to indicate the C-plane congestion level for avoiding uneven distribution.
Observation 8: “UEs in RRC_CONNECTED” reflect the C-plane congestion level because the common radio resource (i.e. PRBs) in the cell is divided by UEs in RRC_CONNECTED.
Observation 9: “UEs in RRC_CONNECTED” reflect the potential “active UEs”
Observation 10: “UEs in RRC_CONNECTED” reflect the signalling only UEs
Observation 11: For agreeable metric, following two condition would be required.
- unified definition between vendors (for inter-vendor operation)
- not expose vendor equipment capability (for vendor preference.)
Observation 12: Only “active UEs” and “UEs in RRC_CONNECTED” can indicate “whole load” with satisfying the conditions.
Observation 13: Finding tiny cons on each metric would be meaningless because RAN nodes usually performs MLB with combining these metrics
Proposal: RAN3 to add “active UEs” and “UEs in RRC_CONNECTED” in load reporting
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