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1
Introduction
At the RAN3#69bis meeting a use case where connected mode only UEs are counted was identified. This document provides additional information regarding this topic.
2
Discussion
The MCE receives the results from the measurements performed by the eNB. The interesting parameter when making a decision about starting or stopping a session in an MBSFN area is the number of UEs interested in receiving the service. 

In this paper the following is assumptions are used:

Assumption 1: Idle mode UEs are not counted.

Assumption 2:  The percentage of UEs in connected mode and interested in receiving the service in the cell is known.
Assumption 3: UEs are in idle mode/connected mode independently of each other
2.1 Simulation Setup

In order to receive distribution of UEs in Figure 1 the following model has been used
1. Number of receiving UEs per cell is follows a rectangular distribution Re(0, 99)

2. Connected mode UEs: 5, 10, 15, 20, 25, 50, 75 and 100 percent
3. All connected mode UEs are counted

4. No idle mode UEs are counted
2.2 Simulation Results

Figure 1 below shows the probability that x UEs are interested in receiving the service conditioned on the UE Count result when 20% of the UEs interested in receiving the service are in connected mode. 
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Figure 1: Probability that x number of UEs are interested in receiving a service conditioned on UE Count results between zero and six when 20% of the UEs are in connected mode.
When calculating the expectation value for different percentages of UEs interested in receiving the service in connected mode, the result is as presented in Table 1 below.
	
	UEs in connected mode

	
	100%
	75%
	50%
	25%
	20%
	15%
	10%
	5%

	UE Count = 0
	0.00
	0.34
	1.00
	2.98
	3.96
	5.69
	9.04
	18.46

	UE Count = 1
	1.00
	1.66
	3.02
	7.03
	9.01
	12.33
	19.01
	35.65

	UE Count = 2
	2.00
	3.01
	4.96
	11.03
	13.99
	18.97
	28.86
	50.01

	UE Count = 3
	3.00
	4.33
	7.03
	15.05
	19.01
	25.66
	38.38
	60.74

	UE Count = 4
	4.00
	5.69
	8.99
	19.00
	24.09
	32.29
	47.43
	68.58

	UE Count = 5
	5.00
	6.96
	10.97
	22.97
	29.05
	38.90
	55.54
	74.57

	UE Count = 6
	6.00
	8.35
	13.02
	27.13
	34.01
	45.33
	62.75
	78.83


Table 1: The table shows the expectation values for number of interested UEs receiving a service conditioned on the UE Count result. The columns show results for different percentages of UEs that are in connected mode.
Note that if the result of a UE Count in a particular cell is one, and five percent of the UEs are in connected mode, the expected number of UEs interested in receiving the service is approximately 35. 

Conclusion 1: How the MCE interprets a specific UE Count value depends on the percentage of UEs in connected mode.

Figure 2 below shows the results of a simulation where fifteen UEs are interested in receiving a service are randomly distributed in the MBSFN Area. Five percent of the UEs are in connected mode and the MCE collects the result from all cells and makes the decision based on the collected data.  If there are zero UEs interested in receiving the service, the result of the count will be zero. When there are fifteen UEs interested in receiving the service in the MBSFN Area, the probability is 0.45 that the count will result in that all cells report a UE Count equal to zero. 
Conclusion 2: There are network deployments where the MCE is likely to incorrectly make the decision not to start a session resulting in a less efficient usage of the available resources.
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Figure 2: The figure shows the probability that 15 UEs interested in receiving a service in an MBSFN Area consisting of 10 cells reports a count of zero to six when five percent of the UEs are in connected mode.
2.3 Discussion large MBSFN Areas

In large MBSFN Areas the problem is slightly different. Two simulations are presented where 500 UEs are distributed in an MBSFN Area consisting of 10000 cells. In the first simulation, the cells containing at least one UE has been drawn from a rectangular distribution Re(0, 30). In the second simulation cluster size is limited to two by drawing the number of UEs from a rectangular distribution Re(0, 2).

Results simulation 1

P(UE Count = 1) = 0.0103
P(UE Count = 2) = 0.0044

P(UE Count = 3) = 0.0014

P(UE Count = 4) = 0.0004

P(UE Count = 5) = 0.0001

Results simulation 2

P(UE Count = 1) = 0.0244

P(UE Count = 2) = 0.0003

P(UE Count > 2) = 0

The results from simulation 1 and simulation 2 show that more than one percent of the cells report a UE count equal to one. From the results in Table 1, this indicates that the expected number of UEs is 35 in each cell if five percent of the UEs are in connected mode. In this case the MCE shall start the session since the eNBs reported a UE Count larger than zero may otherwise not be able to provide the requested services.

Conclusion 3: In large MBSFN Areas the probability that one or more cells report a large UE Count value, even for a low number of UEs interested in receiving the session, becomes large (assuming idle mode UEs are not counted). 
In addition, it is also interesting to note the large difference provided by the two simulations only by introducing a variation in how the UEs are clustered. 
Conclusion 4: The UE Count result depends on the distribution of UEs in the MBSFN Area (if idle mode UEs are not counted).
Conclusion 5: Counting connected mode UEs only is not sufficient in order for the MCE to take the decision to start or stop a session based on results provided by the UE Counting mechanism.
Conclusion 6: If connected and idle mode UEs are counted, none of the problems presented above exist.
3
Proposal

Based on the information provided to RAN3 in this paper RAN3 is kindly asked to reconsider the validity of the use case discussed at RAN3#69bis when not counting idle mode UEs. Ericsson will be happy to draft the LS to RAN2 informing them that a mechanism for the MCE to request a counting of all UEs interested in receiving the service has to be available. 
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