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1
Introduction

A new WI “RAN overload control for Machine-Type Communications” was approved at RAN#53. The agreements made at WG2#75 from the SI were, 
EAB will be executed at AS layer, 

UMTS: EAB will be 1 bit per AC; 

LTE: EAB will either be 1 bit per AC solution, or a solution conform LTE ACB i.e., Probability factor and barring time. 
At WG2#75bis, agreements are further made,

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

Will have one set of parameters (10 bit, i.e., one bit per access class) + 2 bit to indicate whether they apply to category A, B or C.

The remaining open issues are that further details on the EAB mechanism for LTE (also for UTRAN, if needed) and whether or not to support PLMN sharing. In this contribution we discuss how EAB could be implemented. 
2
Discussion
According to the agreement made in WG2#75bis, EAB can be implemented for LTE &UMTS with one set of parameters (10 bit, i.e., one bit per access class) + 2 bit to indicate whether they apply to category A, B or C.

We think EAB in Rel-11 using the existing UTMS ACB scheme has some drawbacks, i.e., 
1) the granularity of barring with this scheme is only 10% of all EAB configured UEs at any time; 
2) when (e)NB releases the barred access classes any UE with pending transmission will all attempt access almost simultaneously, which does not entirely overcome the RAN overload issue due to “spikes” in the number of simultaneous access attempts. 
It is likely that EAB would be mainly applied to a large amount of  devices, which means the above drawbacks might be a problem with the existing UTMS ACB scheme, particularly in LTE where there is no persistence/backoff at all applied, therefore further access delay spreading should be considered. Even in the UMTS case, the existing persistence check does not spread access attempts over a significantly long period of time in case the number of devices in a network is as high as has been expected.
In [5] one scheme based on a “uniform delay” method was discussed, whereby the UE delays its access attempt by waiting for a random amount of time that is uniformly distributed in [0, unif_delay]. It does show some significantly better performance in general compared to the other baseline methods. In the following we will discuss further based on the principal of this method. 
2.1
Broadcast EAB information in LTE and UMTS
EAB information of a spreading access scheme could include one timer range T_Signalled along with the agreed  set of parameters (10 bit, i.e., one bit per access class) + 2 bits to indicate whether they apply to category A, B or C. 
The signalled timer T_Signalled could be either a possible maximum timer value for all UEs, or a value that will be multiplied at the UE e.g. depending on the number of classes barred and/or UE category to obtain T_Maximum. 
UE access attempts are delayed by choosing a random delay T_barred in the range [0, T_Maximum]. 
Hence we propose that,
Proposal 1: The broadcast EAB information could include one IE for setting a barring timer at UE.
2.2 
EAB Mode in LTE and UMTS

We think that it is possible to have one or both of the following two modes of EAB in Rel.11:
1) Access attempts are barred; 
2) Access attempts are spread over time. 
The two modes could be controlled by network with on/off status. 
If it is on “barred mode” UE has to wait for an expiry of a short time interval T_barred and then to check if the SI is changed or not; 
If it is on “spread mode” UE’s access would be delayed by a random amount of, T_barred before accessing.  
If the UE does not need to re-check the system information to see if it is unbarred, then maybe it can compare the T_barred with period T_period (period of MTC devices scheduled data transmission that could be already defined and embedded in the device or in the paging). If the timer range is smaller than T_period then the UE will wait till the T_barred expires and try the access again. If the timer range T_barred is bigger than T_period. Then the UE will wait till its next access opportunity and try the access again, as shown in Figure 1. 
Proposal 2: It could be possible for network to have two modes of EAB in Rel.11: 
1) Access attempts are barred; 
2) Access attempts are spread over time. The mode could be switched on/off by NB, otherwise it should be decided how the barring time should be applied (which mode will be used).
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Figure.1 Example of UE: UE transmits in T_period if T_barred > T_preriod.
2.2
Delay Timer Range in LTE and UMTS

In the existing LTE system the barring time range for ACB it has a maximum value of 512s. However, as UEs applying EAB could be expected to have longer barring times than ACB UEs. Also consider if (e)NB is on “spread over time mode” the (e)NB should provide a bigger maximum value for EAB than 512s. 
Since the number of access classes barred and the type of barred UE reflects to some extent the congestion situation of the NW, it is possible in this way to attain a delayed UE access attempt based on the congestion severity of NW without excessive access delay (e.g. excessive access delay by applying the same maximum wait timer in all situations, even when the overload scenario may not be so severe). 
Furthermore by scaling the signaled timer value depending on the number of access classes barred, we can achieve a much larger range of T_Maximum with far fewer bits, resulting in less burden on BCCH (for example a range of 0-2048 seconds is possible to signal using only 2 bits, if T_Maximum is doubled for every additional barred access class) 

In addition, it may be desirable to apply longer delays only to those UEs which are not part of HPLMN or ePLMN or potentially the type of UE signalled in the EAB information may also provide some indication of how severe the overload situation is (e.g. if “all” UEs need to apply barring, then we expect the overload situation is more severe than if only UEs which are not part of HPLMN or ePLMN are barred). 
Figure 2 shows the example. 
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Figure 2  T_Maximum is defined by number of access classes barred and UE type at UE side,.
One possible to use the signalled timer in calculating the timer range: 
T_Maximum= M x Number_of_classes_barred x signalled_timer, where M is an adjusting integer that could be related to the category of UEs.   







Figure.3 shows an alternative way, where the T_Maximum could be decided at NW side based on only the number_of_classes_barred or other NW implementation dependent factors. When UE receives the broadcasted EAB information, and checks if it is barred, UE could decide T_barred by considering the UE type, so 

T_barred = M* rand, where M is an adjusting integer that could be related to the category of user equipment and rand is a uniform random number chosen by UE in [0, T_Maximum].   
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Figure 3   T_Maximum is defined by number of access classes barred at NB side, UE type is considered at UE side when define the barring time.
Proposal 3: UE calculates the maximum barring time T_Maximum from the signalled timer with consideration of the UE type and/or number of access classes barred, then chooses a random time T_Barred in the range [0, T_Maximum]

3
Conclusion

In this contribution, we have considered the implementation scheme. The following observations and proposals are made:-
Proposal 1: The broadcast EAB information could include one IE for setting a barring timer at UE.
Proposal 2: It could be possible for network to have two modes of EAB in Rel.11: 
1) Access attempts are barred; 
2) Access attempts are spread over time. The mode could be switched on/off by NB, otherwise it should be decided how the barring time should be applied (which mode will be used).
Proposal 3: UE calculates the maximum barring time T_Maximum from the signalled timer with consideration of the UE type and/or number of access classes barred, then chooses a random time T_Barred in the range [0, T_Maximum]
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