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1. Introduction
This paper discusses the need for used APN-AMBR and related issues.

2. Background

We have a CR to propose the  used APN-AMBR when the sum of APN-AMBR of all the active APNs is greater than the subscribed UE-AMBR, the APN-AMBRs for used should be reduced to the used APN-AMBRs such that the sum of used APN-AMBR of all the active APNs is equal the subscribed UE-AMBR for the UE non-GBR QoS enforcement in case of the network resource waste at the PGWs of the APNs and DL packet drops at the  eNB and under performed congestion control at the transport layer and reduced overall network performance. 
In our CR, the use of the HSS initiated QoS modification procedure has proposed to implement the used APN-AMBR when the addressed condition occurs. This would introduce more signaling overhead which is un-desirable. 

It could be argued that it shall be not a problem if the operator configures the subscribed UE-AMBR to be equal to the sum of the subscribed APN-AMBR. However as the UE-AMBR is directly related to the billing. Such a configuration could be to restrictive to the operation and it may not be attractive to end users who subscribe m-PDNs and but not always activate all the PDNs. Even for the m-PDN users who always activate all the subscribed PDNs, they may not like to be billed based on the summed APN-AMBRs.  
Besides, we could still have the following concerns w.r.t. the need of the used APN-AMBR:
· The used APN-AMBR may not be needed as the probability of such occurrence could be very small or zero. 

· Once the addressed condition is occurred it could be taken care by the transport layer congestion control without using the used APN-AMBR.

· If the used APN-AMBR has to be used, we would like to update the used APN-AMBR when it is really needed.
In this paper we try to provide the answers to the concerns above via simulation study.

       3. UE-AMBR vs APN-AMBR Simulation
Assumptions
To simulate the possible traffic condition of non-GBR QoS enforcement for a UE subscribed for m-PDNs we assume the following:

· The UE has subscribed 3 APNs (PDNs) each with am APN-AMBR of 1 Mbps. The summed APN-AMBR is 3Mpbs.
· The application bit rate pattern of each subscribed APN follows some kind of sine curve. 

· For comparison, the subscribed UE-AMBR can be set different values. 
Simulation 
The Fig.1 shows the result of the UE-AMBR vs the summed APN bit rates when UE-AMBR equals to 1.75 Mpbs. In this case, statistically 26% of the time, the summed APN bit rates are greater than the UE-AMBR of 1.75 Mpbs. And the maximum difference is 0.99 Mbps.
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  Fig.1
The table 1 shows the summary of the simulation when UE-AMBR takes the values of 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 2.75, and 3 Mpbs, respectively.  
 

Table 1
	UE-AMBR
	% sumAPN BR

>UE-AMBR
	max BR Diff (Mpbs)

	1
	84
	1.75

	1.25
	72
	1.49

	1.5
	46
	1.24

	1.75
	26
	0.99

	2
	16
	0.74

	2.25
	14
	0.49

	2.5
	8
	0.24

	2.75
	0
	0

	3
	0
	0


We can see that as expected that as the subscribed UE-AMBR is closer to the summed subscribed APN-AMBR, the percentage (or probability) of the summed active APN bit rate exceeding the subscribed UE-AMBR is getting smaller. When UE-AMBR is 2.5 Mpbs, such a probability is zero. Also the exceeded bit rate is getting smaller when the subscribed UE-AMBR is getting closer to the summed subscribed APN-AMBR. This is also expected. 
The Fig.2 shows the probability trends of summed active APN bit rates greater than the subscribed UE-AMBR vs. the subscribed UE-AMBR settings.    
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Fig.2

The Fig.3 shows trends of the exceeded bit rate of the summed active APN bit rates greater than the subscribed UE-AMBR vs. the subscribed UE-AMBR settings.    
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Fig. 3

   4. Discussion

(1) The probability of summed active APN bit rate being greater than the subscribed UE-AMBR is non-zero. Depending on the configuration and real time traffic, this probability could be from low to high. 

(2) The exceeded bit rate of summed active APNs comparing to the subscribed UE-AMBR is non-zero. Depending on the configuration and real traffic, this exceeded bit rate value could be from low to high.  

(3) The standard transport layer congestion control may not be able to handle well the cases in (1) and (2) with high values 
(4) When sum of APN-AMBR of the active APNs is greater than the subscribed UE-AMBR, the real traffic may not be greater than the subscribed UE-AMBR. In this case APN-AMBR update is not needed.
(5) When the exceeded bit rate is small or with small duration, the standard transport layer congestion control may handle it well and the APN-AMBR update may not be needed.

5. Conclusion

Though different packet data traffic pattern would have different statistical characteristics, the simulation example would provide the basic characteristics of the problems caused by the summed active APN AMBRs being greater than the subscribed UE-AMBR.

· The used APN-AMBR would be needed.
· An APN-AMBR QoS adjustment threshold (QT) could be used to reduce the unnecessary APN-AMBR adjustment. Or choose QT from the real traffic statistics such that only when the difference between the subscribed APN-AMBR and the adjusted APN-AMBR is greater than the QT, the APN-AMBR shall be adjusted. In addition, we could limit the number of APN-AMBR updates per time span and setup a minimum period between the adjustments.   
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