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1	Introduction
In [1] – [3], 	“Active UEs” were proposed and justified. However, in RAN3#106, there still be several question on this metric [4]. Thus, this contribution answers against the questions and propose again to agree “active UEs” as load reporting metric.
2	Discussion
2.1 Previous discussion on justification for “active UEs”
Following is quoted from [1].
Observation 1: RAN2 already agreed to specify number of active UEs (including its granularity)
Observation 2: RAN2 introduced “number of active UEs” very long time ago to determine the bitrate UEs achieve.
Observation 3: RAN3 needs to introduce the reporting to indicate the bitrate UEs achieve for avoiding uneven distribution.
Observation 4: “Number of active UEs” can (1) indicate the bitrate UEs achieve and (2)be easily introduced as the definition will be specified in RAN2.
Proposal 1: RAN3 to add “number of active UEs” in load reporting
Observation 5: Even with“Number of active UEs,” load management considering traffic surge in advance  is impossible because it just indicates buffered UEs at the moment (i.e. not reflecting possible future traffic.)
Observation 6: “RRC connection number”, which is defined in TS28.552 [9], can be used to estimate potential number of active UEs.
Proposal 2: RAN3 to add “RRC connection number” in load reporting in addition to “Number of active UEs”


Following is quoted from [2].
Observation 1: To achieve MLB inter-vendor operation, operators have been paid a lot of effort on the metric.
Proposal 1: RAN3 to carefully listen to operators’ voice
Observation 2: To achieve MLB inter-vendor operation, the metrics with unified definition is preferable.
Observation 3: NW vendors seem to prefer the metrics which does NOT expose equipment capability.
Observation 4: Number of active UEs is corresponds to U-plane congestion level and meet the requirement (unified definition and not exposing capability of equipment).
Observation 5: Number of active UEs can reflect UE type (e.g. IoT) as the measurement is/will be defined per QCI (for EN-DC)/5QI (for SA) (in RAN2).
Proposal 2: RAN3 to add “number of active UEs” in load reporting and reflect the cardinality defined in RAN2

Following is quoted from [3].
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 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



2.2 Answers against questions provided in RAN3#106
In RAN3#106, following questioned are captured in SoD [4].
“Check further reporting period, the definition and how to estimate available resources”

2.2.1 Reporting period
In last meeting, it was questioned whether this metric can be reported so frequently for C-plane considering processing power because (1) “active UEs” seem to be defined for OAM and (2) C-plane basically requires more frequent report than OAM. 
To achieve periodic reporting, there would be two aspects on processing power; (A) processing power for measurement and (B) processing power for reporting.
(A) Processing power for measurement 
When checking C-plane reporting period, BL CR for Xn [5] proposes to report from every 500ms to 10000ms. Thus, the measurement period must be equal to (or less than) them. So, the measurement period can be said as around per second.
On the other hand, current TS36.314 [6] defines measurement period as around per second as follows.
	

	Time Period during which the measurement is performed, Unit: second.



(Actually in SA5 specifications, on OAM reporting period,  TS32.401 [7] refers to TS32.432 [8] for measurement file format. TS32.432 [8] mentions as follows.
	granularityPeriod
	Granularity period of the measurement(s) in seconds.


(Note that, in section 5.4.1.4 of TS32.401[7], “granularity” is mentioned as different meaning; this seems just for how long one block of measurement data should be taken.))
Observation 1: On processing power for measurement, there would be no issue because RAN2 seems to already allow per second measurement, which would be same order with C-plane.
(B) Processing power for reporting
Such reporting period over C-plane is already supported from LTE age; if the content is a little changed, the processing power will not affect so much. (i.e. in either way, reporting several IEs in each certain period.)
Observation 2: On processing power for reporting, there would be no issue because such reporting period is already used for eNB.

Thus, following observation can be obtained.
 Observation 3: There would not be major issue on processing power.
Furthermore, even in LTE, it may be allowed not to support several short reporting periodicity because there may be some implementation that, if the node is congested, the node may accept only longer reporting periodicity. 
Thus, following observation can be obtained.
Observation 4: “Partial support” would not be major issue because there may be some eNB which doesn’t support all possible reporting periodicity.


2.2.2 Definition
 This point seems to allow checking internally for questioners. So, following additional information on RAN2 progress is just shared in this section.
In RAN2#108, following agreement was made [9].
Agreements:
12	Change ‘mapped 5QI’ to ‘DRB’ in 38.314. This can be confirmed in the next meeting.

Based on this, unified handling for measurement seems to be achieved between EN-DC and NG-RAN.
(TPs mentioned in conclusion part already reflects it.)

Observation 5: On definition, RAN2 seems to introduce same definition (i.e. per DRB) as the granularity for both EN-DC and NG-RAN.


2.2.3 How to estimate available resources
In RAN3#106, it was questioned how to estimate available resources; whether it is good to assume 100 % available resources are equally divided by active UEs because required resource (i.e. data rate) may be different between UEs even with same QCI.

In typical deployment, there would be many UEs in a cell. (Otherwise, the CAPX/OPEX for the cell cannot be paid.) And, MLB can only be performed between adjacent or overlayed cells because, to perform MLB, the area must be within the coverage of the cells. So, in such similar area, user traffic characteristics would be similar (i.e. there would not be the case that UEs which utilize many resources are clustered only in one cell.) 

Thus, considering “Law of Large Numbers” and “Central limit theorem,” the requested averaged utilized resource per UE would be similar between the candidate cells (even though number of active UEs may be different.) Following figure illustrates it.

[image: ]
Figure 1. Same requested averaged resource utilization per UE between the candidate cells

Observation 6: The requested averaged utilized resource per UE would be similar between the candidate cells because the candidate cells covers same/similar geographical area.

And, anyway, source node never knows how much the new UE will request resource utilization. Thus, for MLB, the source node only select target cell for the alignment for number of active UEs per resource. More specifically, in general, possible resource utilization per UE is inverse proportional to the number of active UEs.
Observation 7: In general, possible resource utilization per UE is inverse proportional to the number of active UEs as those UEs are utilizing resources.

(Note that some may say that, if few UEs are there, active UEs are not reliable as MLB metric because resource utilization may be different even with same number of active UEs. However, in such situation, MLB itself is not critical because both cell must have room for resource (i.e. usually a cell can operate many UEs. (And, if necessary, CAC can complement the load status.))

Based on those observations, following can be said.
Observation 8: Number of active UEs can reflect resource utilization level.


2.3 Comparison with other metrics
In this section, further compares “Active UEs” with other metrics. Following table is copy and paste from [3]

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
	
	X
	X
	



First comparison is with UEs in RRC_CONNECTED. This was agreed to introduce in RAN3#106 (only for Xn and FFS for X2). As shown in above table, it can indicate more on C-plane status but not accurate on U-plane status because there would be some UEs where they are RRC_CONNECTED but not had any data to be transmitted/received. So, those UE should not be considered as utilizing U-plane resources. On the other hand, active UEs can reflect it as the definition is that “there is buffered data,” which means the UE will consume U-plane resource.
Observation 9: “Active UEs” can reflect U-plane load status in a proper way. On the other hand, “UEs in RRC_CONNECTED” cannot because it counts UE without any data to be transmitted/received.

Second comparison is with PRB Usage. As mentioned in [3], PRB Usage for traffic can be 100% if there are several UEs because scheduler usually allocate all PRBs to selected UEs where the UEs have data (based on e.g. round-robin algorithm). So, this metric seems not to be perfect metric when there are several “active UEs”.
Observation 10: “Active UEs” can reflect U-plane load status linearly if many UEs are there. On the other hand, “PRB Usage” may not be perfect because it may always indicate “100%” if there are more than certain amount of active UEs.

Third comparison is with CAC. As mentioned in above table, there is no clear/unified definition on the value. So, the value would be vendor dependent. Thus, it may be difficult to handle in inter-vendor operation.
(Note that one may say CCCV (Cell Capacity Class Value can be aligned between vendors. However, to achieve it, each operator need to work to align the definition anyway. On the other hand. Active UE doesn’t require for operators to pay such effort.)
Observation 11: “Active UEs” can be easily used in inter-vendor operation as unified definition is there. On the other hand, “CAC” requires coordination between vendors because the definition may be different between vendors.

[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: On processing power for measurement, there would be no issue because RAN2 seems to already allow per second measurement, which would be same order with C-plane.
Observation 2: On processing power for reporting, there would be no issue because such reporting period is already used for eNB.
Observation 3: There would not be major issue on processing power
Observation 4: “Partial support” would not be major issue because there may be some eNB which doesn’t support all possible reporting periodicity.
Observation 5: On definition, RAN2 seems to introduce same definition (i.e. per DRB) as the granularity for both EN-DC and NG-RAN.
Observation 6: The requested averaged utilized resource per UE would be similar between the candidate cells because the candidate cells covers same/similar geographical area.
Observation 7: In general, possible resource utilization per UE is inverse proportional to the number of active UEs as those UEs are utilizing resources.
Observation 8: Number of active UEs can reflect resource utilization level.
Observation 9: “Active UEs” can reflect U-plane load status in a proper way. On the other hand, “UEs in RRC_CONNECTED” cannot because it counts UE without any data to be transmitted/received.
Observation 10: “Active UEs” can reflect U-plane load status linearly if many UEs are there. On the other hand, “PRB Usage” may not be perfect because it may always indicate “100%” if there are more than certain amount of active UEs.
Observation 11: “Active UEs” can be easily used in inter-vendor operation as unified definition is there. On the other hand, “CAC” requires coordination between vendors because the definition may be different between vendors.

Based on above observations, following proposal is obtained.
Proposal: RAN3 to add “active UEs” in load reporting
Corresponding TPs are available in [10-12]
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