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Introduction
In the running CR for the L2 measurements [1], all the L2 measurements that were agreed until RAN2-108 meeting is included. Some of these measurements are associated to ‘active UEs’. In this contribution, we discuss the limitations of the similar definition in LTE and we propose small changes to the definition of the measurement.
[bookmark: _Ref178064866]Discussion
The current definition of number of active UE is like the one used in LTE. 
	Definition
	Mean number of Active UEs in the UL per DRB per cell. This measurement refers to UEs for which there is buffered data for the UL for DRBs. The measurement is done separately per DRB.
Detailed Definition: 
where
explanations can be found in the table 4.1.1.3.3-1 below.



The key part of the measurement definition here is the ‘flooring’ operation. This is introduced so that the mean number of active UEs can be defined as an integer. 
1. [bookmark: _Toc29909032][bookmark: _Toc29909069][bookmark: _Toc29979426][bookmark: _Toc29994958][bookmark: _Toc30578365][bookmark: _Toc31626427]The flooring operation is used in the mean number of active UEs definition so that the result can be defined as an integer.
The flooring operation will have an adverse effect on the interpretation of the results of the mean number of active UEs and also causes issues in the usage of the results in use cases like load balancing (the number of active UEs KPI is exchanged between the neighboring nodes over X2/Xn). This limitation can be best explained using an example.
Consider a cell in which the (mean/max) number of active UEs measurement is performed according to the following setting; 
· Sampling period, p = 0.2 seconds
· Duration of measurement campaign, T = 2 seconds  
Consider that there are 4 RRC connected UEs in the cell and their activity in DL is shown in the Figure 1. One of the UEs, UE3, do not receive any DL packet during the 2 second window of measurement campaign. The corresponding number of active UEs related counter is shown in Table 1.
[image: ]
[bookmark: _Ref30574540]Figure 1: Activity of UEs in the DL in the cell in which the (mean/max) number of active UEs related measurement is performed.
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	N (i, drbid)
	
	
	

	0.2
	2
	2
	2
	

	0.4
	1
	3
	2
	

	0.6
	1
	4
	2
	

	0.8
	2
	6
	2
	

	1.0
	0
	6
	2
	

	1.2
	1
	7
	2
	

	1.4
	0
	7
	2
	

	1.6
	0
	7
	2
	

	1.8
	1
	8
	2
	

	2.0
	0
	8
	2
	Floor (8 / 10) = 0


[bookmark: _Ref30576296]Table 1 : The active UEs related counter updates in the MAC layer for the example scenario above
Based on the above table, the mean number of active UEs reported by this cell will be zero and the max number of active UEs to be reported by this cell will be two.
1. [bookmark: _Toc30578366][bookmark: _Toc31626428]Flooring operation for the mean number of active UEs results in ‘zeroing’ the information in low load scenario.
The zeroing of the measurement can be avoided by introducing the possibility of providing the decimal values in representing the mean number of active UEs. This is just a matter of representing the values by using the REAL format or by using the BIT STRING (SIZE()) format wherein each value is the number of active UEs divided by 10 (divide by 10 will allow a granularity of 0.1). Using BIT STRING (SIZE()) with a SIZE of 24 bits allow for the exchange of mean number of active UEs in the range of (0, 0.1, 0.2, … 1677721.5‬) UEs or using BIT STRING (SIZE()) with a SIZE of 16 bits allow for the exchange of average number of active UEs in the range of (0, 0.1, 0.2, … 6553.5‬). 
1. [bookmark: _Toc29909034][bookmark: _Toc29909071][bookmark: _Toc29909174][bookmark: _Toc29979428][bookmark: _Toc29994962][bookmark: _Toc30578367][bookmark: _Toc31626429]The flooring operation associated to the definition of mean number of active UEs is removed.
1. [bookmark: _Toc31626430]The mean number of active UEs is represented using BIT STRING (SIZE(X)) format and RAN3 can further discuss the value of ‘X’ and if  BIT STRING (SIZE(X)) format is best suited to represent mean number of active UEs whose granularity of reporting will be 0.1.
1. [bookmark: _Toc31626431]RAN2 is kindly requested to send the LS to RAN3 so that they can take the RAN2 agreements in their specification work.
The associated changes to the 38.314 specification is given in the appendix (section 5).
Conclusion
In section 2 we made the following observations:
Observation 1	The flooring operation is used in the mean number of active UEs definition so that the result can be defined as an integer.
Observation 2	Flooring operation for the mean number of active UEs results in ‘zeroing’ the information in low load scenario.

Based on the discussion in section 2 we propose the following:
Proposal 1	The flooring operation associated to the definition of mean number of active UEs is removed.
Proposal 2	The mean number of active UEs is represented using BIT STRING (SIZE(X)) format and RAN3 can further discuss the value of ‘X’ and if  BIT STRING (SIZE(X)) format is best suited to represent mean number of active UEs whose granularity of reporting will be 0.1.
Proposal 3	RAN2 is kindly requested to send the LS to RAN3 so that they can take the RAN2 agreements in their specification work.
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[bookmark: _Ref31626422]Appendix – Changes associated to 38.314 (running CR)
/*start of changes*/
[bookmark: _Toc532550781][bookmark: _Toc23029795][bookmark: _Toc22987262][bookmark: _Toc22986234][bookmark: _Toc24039887]4.1.1.3	Number of active UEs in RRC_CONNECTED
The objective of the measurement is to measure number of active UEs per QoS level for OAM performance observability. It is intended to be part of a calculation to determine the bitrate UEs achieve when they are active, i.e. when applications are transmitting and receiving data. The measurements are applicable for both non-split gNB and split gNB deployment scenario.
[bookmark: _Toc23029796][bookmark: _Toc22987263][bookmark: _Toc22986235][bookmark: _Toc24039888]4.1.1.3.1	Mean number of Active UEs in the DL per QoS level per cell
Protocol Layer: MAC, RLC
	Definition
	Mean number of Active UEs in the DL per QoS level per cell. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the DL for DRBs. The measurement is done separately per DRB.
Detailed Definition:
,where
explanations can be found in the table 4.1.1.3.1-1 below.



Table 4.1.1.3.1-1
	
	Mean number of Active UEs in the DL per QoS level, averaged during time period . Unit: IntegerDecimal value with one decimal level.

	
	Number of UEs for which there is buffered data for the DL in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
In RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321.
Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s.

	
	Total number of sampling occasions during time period . 

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



[bookmark: _Toc23029797][bookmark: _Toc22987264][bookmark: _Toc22986236][bookmark: _Toc24039889]4.1.1.3.2	Max number of Active UEs in the DL per QoS level per cell
Protocol Layer: MAC, RLC
	Definition
	Maximum number of Active UEs in the DL per QoS level per cell. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the DL for DRBs. The measurement is done separately per QoS level.
Detailed Definition: 
,where
explanations can be found in the table 4.1.1.3.2-1 below.



Table 4.1.1.3.2-1
	
	Maximum number of Active UEs in the DL per QoS level, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the DL in MAC, RLC or PDCP protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
In RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321.
Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s.

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





[bookmark: _Toc23029798][bookmark: _Toc22987265][bookmark: _Toc22986237][bookmark: _Toc534931545][bookmark: _Toc24039890]4.1.1.3.3	Mean number of Active UEs in the UL per QoS level per cell
Protocol Layer: MAC, RLC
	Definition
	Mean number of Active UEs in the UL per QoS level per cell. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the UL for DRBs. The measurement is done separately per QoS level.
Detailed Definition: 
where
explanations can be found in the table 4.1.1.3.3-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.3-1
	
	Mean number of Active UEs in the UL per QoS level, averaged during time period . Unit: Decimal value with one decimal level.Integer.

	
	Number of UEs for which there is buffered data for the UL in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
This is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data).
In addition, the gNB can use the analysis of received data in the estimation. In such case, when QoS level cannot be determined at the time of the sampling occasion, gNB can determine QoS level after successful reception of data.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Total number of sampling occasions during time period . 

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



[bookmark: _Toc23029799][bookmark: _Toc22987266][bookmark: _Toc22986238][bookmark: _Toc24039891]4.1.1.3.4	Max number of Active UEs in the UL per QoS level per cell
Protocol Layer: MAC, RLC
	Definition
	Maximum number of Active UEs in the UL per QoS level per cell. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the UL for DRBs. The measurement is done separately per QoS level.
Detailed Definition:
, where
explanations can be found in the table 4.1.1.3.4-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.4-1
	
	Maximum number of Active UEs in the UL per QoS level, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
This is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data).
In addition, the gNB can use the analysis of received data in the estimation. In such case, when QoS level cannot be determined at the time of the sampling occasion, gNB can determine QoS level after successful reception of data.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

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



[bookmark: _Toc23029800][bookmark: _Toc22987267][bookmark: _Toc22986239][bookmark: _Toc534931546][bookmark: _Toc24039892]4.1.1.3.5	Mean number of Active UEs per cell
Protocol Layer: MAC, RLC
	Definition
	Mean number of Active UEs per cell. This measurement refers to UEs for which there is buffered data for the UL for DRBs, or there is buffered data for the DL for DRBs, or both.
Detailed Definition:
where
explanations can be found in the table 4.1.1.3.5-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.5-1
	
	Mean number of Active UEs, averaged during time period . Unit: Decimal value with one decimal level.Integer.

	
	Number of UEs for which there is buffered data for the UL or for the DL or for both in MAC or RLC protocol layers at sampling occasion.
For UL, this is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data). In addition, the gNB can use the analysis of received data in the estimation.
For DL, in RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321. Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Total number of sampling occasions during time period . 

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



[bookmark: _Toc23029801][bookmark: _Toc22987268][bookmark: _Toc22986240][bookmark: _Toc24039893]4.1.1.3.6	Max number of Active UEs per cell
Protocol Layer: MAC, RLC
	Definition
	Maximum number of Active UEs per cell. This measurement refers to UEs for which there is buffered data for the UL for DRBs, or there is buffered data for the DL for DRBs, or both.
Detailed Definition:
, where
explanations can be found in the table 4.1.1.3.6-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.6-1
	
	Maximum number of Active UEs, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL or for the DL or for both in MAC or RLC protocol layers at sampling occasion.
For UL, this is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data). In addition, the gNB can use the analysis of received data in the estimation.
For DL, in RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321. Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

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



[bookmark: _Toc23029802][bookmark: _Toc22987269][bookmark: _Toc22986241][bookmark: _Toc534931547][bookmark: _Toc24039894]4.1.1.3.7	Mean number of Active UEs per QoS level per cell
Protocol Layer: MAC, RLC
	Definition
	Mean number of Active UEs per QoS level per cell. This measurement refers to UEs for which there is buffered data for the UL for DRBs, or there is buffered data for the DL for DRBs, or both. The measurement is done separately per QoS level.
Detailed Definition:
, where
explanations can be found in the table 4.1.1.3.7-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.7-1
	
	Number of Active UEs per QoS level, averaged during time period . Unit: Decimal value with one decimal level.Integer.

	
	Number of UEs for which there is buffered data for the UL or for the DL or for both in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level=  at sampling occasion.
For UL, This is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data). In addition, the gNB can use the analysis of received data in the estimation. In such case, when QoS level cannot be determined at the time of the sampling occasion, gNB can determine QoS level after successful reception of data.
For DL, in RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321. Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

	
	Total number of sampling occasions during time period . 

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



[bookmark: _Toc23029803][bookmark: _Toc22987270][bookmark: _Toc22986242][bookmark: _Toc24039895]4.1.1.3.8	Max number of Active UEs per QoS level per cell
Protocol Layer: MAC, RLC
	Definition
	Maximum number of Active UEs per QoS level per cell. QoS level refers to mapped 5QI for NR SA or QCI for EN-DC. This measurement refers to UEs for which there is buffered data for the UL for DRBs, or there is buffered data for the DL for DRBs, or both. The measurement is done separately per QoS level.
Detailed Definition:
,where
explanations can be found in the table 4.1.1.3.8-1 below.



NOTE:	For this measurement, the expected accuracy is dependent on application scenario, cell load UE configuration and how DRBs are distributed over logical channel groups.
Table 4.1.1.3.8-1
	
	Maximum number of Active UEs per QoS level, averaged during time period . Unit: Integer.

	
	Number of UEs for which there is buffered data for the UL or for the DL or for both in MAC or RLC protocol layers for a Data Radio Bearer of traffic class with QoS level =  at sampling occasion.
For UL, This is a gNB estimation that is expected to be based on Buffer Status Reporting, provided semi-persistent grants and progress of ongoing HARQ transmissions (by including buffered data for which HARQ transmission has not yet terminated in buffered data). In addition, the gNB can use the analysis of received data in the estimation. In such case, when QoS level cannot be determined at the time of the sampling occasion, gNB can determine QoS level after successful reception of data.
For DL, in RLC and MAC layers, buffered data corresponds to data available for transmission according to the definitions in TS 38.322 and TS 38.321. Buffered data includes data for which HARQ transmission has not yet terminated.

	
	Sampling occasion during time period. A sampling occasion shall occur once every  seconds.

	
	Sampling period length. Unit: second. The sampling period shall be at most 0.1 s. 

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


 
/*end of changes*/
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