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1 Introduction 
In the last RAN2 meeting, an agreement on the baseline solution for EAB parameters was reached: 
	Agreements:
1
Confirm that we use Access classes (e.g. 0..9) + barring bitmap for UMTS EAB as a baseline.

2    Agree that we use Access classes (e.g. 0..9) + barring bitmap for LTE EAB as a baseline (no barring factor).


However, problems of this baseline solution were highlighted during the meeting and corresponding solutions were also provided.
This contribution provides an alternative solution to enhance the agreed baseline with an (optional) ‘access delay’ indication, used to uniformly spread the access attempts of UEs subject to EAB.
2
Discussion

· Background: problems caused by an On/Off barring bitmap
Although UEs are notified in different paging occasions, they read SIB and update parameters in a quite synchronized way. Taking LTE as an example, UEs are notified in a BCCH modification period (n), and then start to retrieve updated SIB at BCCH modification period (n+1). It's obvious that most UEs will get the updated SIB at almost the same time.
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Figure 1: Change of system Information

So, when RAN toggles the barring-bit for some ACs, at least 10% UEs in a cell may initiate access in a very short time window, almost synchronized. This sudden traffic surge will lead to a bad access performance, in terms of access success probability and collision probability. To address this problem, companies proposed a uniformly distributed access delay solution, as an add-on to the baseline [1] and [2]. With this approach, instead of just having a list of ‘completely barred’ ACs, it is also possible to have a list of ACs whose access attempts are uniformly delayed. As shown in [1], this idea can lead to a fairly good performance.

Moreover, the introduction of a uniformly distributed access delay would allow to realize a proactive solution against overload, where EAB can be ‘always-on’ thus prevent congestion in case of sudden surges of access attempts. In fact, with the (optional) addition of an ‘access delay’ indication  - used to uniformly spread the access attempts of UEs subject to EAB – the network can be protected from unpredictable traffic surges, without the need to update EAB parameters quickly and frequently (e.g. to rotate the barred ACs). Additionally, this would imply that the normal update mechanism for EAB parameters will certainly be sufficient. 
Proposal 1: enhance the agreed baseline with an (optional) ‘access delay’ indication, used to uniformly spread the access attempts of UEs subject to EAB.
· Philosophy: Random vs. Deterministic approach
There are 2 basic solutions to implement a uniformly distributed access delay, i.e. a random and a deterministic approach.
In the random delay approach, as promoted in [1] and [2], a UE generates a random delay, ranging from a minimum to a maximum delay value. The advantage of this solution is that a large number of UEs will generate fairly uniformly distributed delay values. However, since the delay of a given UE is generated by the UE itself and in a random way, this implies some difficulty in the UE conformance testing. 

It can be noted that randomness is the main difference between LTE ACB and UMTS ACB. In LTE ACB, it’s up to the UE to generate random numbers, to decide whether barring should apply, and in case the value of the barring-time. While in UMTS ACB, the UE is indicated as barred or not without any randomness (1 means barred, 0 means not barred). In other words, LTE ACB is based on the randomness of the UE behaviour, while UMTS ACB is based on a deterministic network control.
A similar philosophy can also be applied to the implementation of a uniformly distributed access delay. A deterministic uniformly distributed access delay means that:

· For a certain UE, the access delay is deterministic under certain conditions;
· For a large number of UEs, the spread of access delays is uniformly distributed;
Just like the difference between LTE ACB and UMTS ACB, a deterministic access delay solution removes the randomness in delay determination for a given UE. It is then believed that this approach would be of great help for UE testing and enforcement of network control.
Proposal 2: to adopt a uniformly distributed access delay solution with a deterministic delay for a given UE.
· Implementation: use of UE identity
For example, instead of using a random number generated by the UE itself, the UE could calculate its access delay based on following formula:
Access delay = UE_Identity Mod T_Max; 
Where:
· T_Max is the maximum access delay configured and signalled by the RAN. 
· UE_Identity is the unique UE identity assigned permanently or temporarily.
There are 2 assumptions behind this approach:
· For a certain UE, its identity is unique within a cell. Potential identities are IMSI, IMEI, TMSI, etc.
· For a large number of UEs, the distribution of (UE_Identity Mod T_Max) values can be regarded as randomly distributed within a cell.
Proposal 3: Use the UE identity as a factor to determine its access delay.
· Fairness issue

One potential concern with the proposed solution is the fairness issue. Since the access delay is determined by the UE identity, some UEs may always experience longer delays than others. 
If EAB fairness among UEs is considered as important enough, enhancements to the basic approach can be studied. For instance, one potential solution is that the RAN configures an additional factor to be used along with the UE Identity in the access delay calculation. For example:
Access delay = (UE_Identity + Additional Factor) Mod T_Max;
The ‘Additional Factor’ would be indicated by the RAN to all UEs in a cell. The RAN could change this additional factor each time it changes the EAB setting. UEs’ access delay can then be changed, even if T_Max is fixed. In this way, in the long run, fairness can be achieved among UEs with different identities.
Proposal 4: if EAB fairness among UEs is considered as important, investigate how to achieve it, enhancing the solution suggested in Proposals 2&3.
3
Conclusion 
Proposal 1: enhance the agreed baseline with an (optional) ‘access delay’ indication, used to uniformly spread the access attempts of UEs subject to EAB.
Proposal 2: to adopt a uniformly distributed access delay solution with a deterministic delay for a given UE.

Proposal 3: Use the UE identity as a factor to determine its access delay.
Proposal 4: if EAB fairness among UEs is considered as important, investigate how to achieve it, enhancing the solution suggested in Proposals 2&3.
4
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