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1 Introduction

In RAN#75 meeting, it was decided that baseline solution for EAB information in UTRA will be one bit per access class (AC)  and in E-UTRA 1 bit per AC or a solution conforming to the existing LTE ACB, i.e., probability factor and barring time. However, further solutions/mechanisms can be discussed based on consensus.
In this document, we discuss how EAB could be realized in UTRA and E-UTRA. The aim is to have a mechanism that provides sufficient support to control RAN overload in situations when a high number of EAB configured UEs, i.e., MTC devices are attempting random access. 

2 Discussion
With the EAB mechanism, the operator may control Mobile Originating access attempts of the UEs that are configured with EAB in case there is congestion in the access network or the core network. In [1] it is assumed that the EAB is configured for the UEs having more tolerant delay restrictions than other UEs.  
2.1 Alternatives for EAB mechanism

In this subsection we discuss alternative barring methods for EAB configured UEs.
Solution 1: On/Off barring with 1 bit per AC
In this scenario, the EAB mechanism follows an “on/off” principle applied per Access class 0-9. A bitmap with 10 bits is broadcasted by the network for this purpose. The method is very similar to the existing ACB mechanism for UTRA. With this approach, all UEs with EAB configured are either barred or not barred depending on their AC. 

This is a simple and predictable approach but one drawback of using an “on/off” parameter is that when barring is ended, a burst of accesses may occur. Furthermore, system information update is required to end barring for the prohibited UE classes or to change the barred classes. In order to allow all EAB UEs to access some point of time, the access opportunities need to be circulated between access classes. In practice, system information needs to be updated frequently being costly both for UEs and the network 
Solution 2: Probability based barring
EAB could also be based on a probability value and a timer. UEs that are configured with EAB would generate a random number between 0-1 prior to performing RA. If the random number is lower than the probability parameter, the EAB test is passed and UEs may access the network. Otherwise, UEs have to wait a given amount of time and draw a new random number before attempting RA again. This kind of mechanism is similar to the legacy ACB mechanism for E-UTRA, which involves an access barring factor (ac-BarringFactor) and an access barring time (ac-BarringTime).

Probability based barring gives an opportunity to control the load in some extent. In order to achieve low RACH load in a scenario where a very high number of low priority devices arrive to the network during a short time period, the barring probability would need to be selected to a rather low value. However, the low access probability value means that some of the UEs are barred very long time because the UE needs to perform the barring test until it succeeds. Considering the distribution of the barring time, it is not uniform, but rather exponential with a long tail.
Solution 3: Barring with delayed access

The barred/not barred approach in Solution 1 may create peaks to RACH load when the broadcasted access information changes. In order to avoid the peak of UEs trying to access at the same time, it would be desirable to spread the accesses over a period of time. To achieve this, the network may indicate the barring time applied by the UE. However, indicating a time will not help to smooth the peaks unless accesses are randomly distributed. The UE should select a random access timer being within the boundaries from 0 to T, where T is broadcasted by the network.

With this mechanism, the RACH attempts of EAB configured UEs may be spread in time without penalizing any particular UE too much as is the case with current LTE ACB mechanism. A similar mechanism has been studied for UTRAN in [2], and was found to perform well. The downside of having a pure delay timer is that complete barring of MTC devices would not be possible.
Solution 4: A combined solution for flexible control
Combining Solution 1 and Solution 3 from the previous subsections seems to provide a flexible solution with most gains. We take Solution 1 as the baseline and add Solution 3 on top to achieve this. The combination would work as follows:

· EAB parameters which can be broadcasted by the network are:
· Barring bitmap for AC 0-9

· MaxDelay for delaying the access
· Depending on the broadcasted information, resulting behavior could be:
· Bitmap only broadcasted ( on/off barring for AC 0-9 (similar to UMTS ACB)
· Bitmap with maxDelay broadcasted ( barring time for permitted classes, other classes prohibited
· MaxDelay only broadcasted ( barring time for all classes
Basically, the idea with this solution is to combine the on/off barring with the delay option, making it possible to both delay and/or bar totally users. The uniform delay solution is considered good for handling load bursts generated by users that do need to be served sooner or later in the cell. For example, load spikes due to synchronized access attempts caused by SIB reading or changes in the barring bitmap, can be easily smoothed with the uniform random delay. Smoothing with delay time may even be always on to protect the network pro-actively from these types of load peaks. The on/off barring on the other hand may be used at exceptional times, such as an emergency situation or when there is a network problem.

Figure 1 illustrates how EAB mechanism could be realized using a bitmap and barring time. First the UE checks the call type and other NAS provided information of the call being set up. In case this is not an emergency or high priority call, the UE now proceeds to check the system information for the EAB parameters. If parameters applicable for the UE are present, the call is either delayed (barred over time in the figure) or barred until further notice by the network, i.e., until the access class of the UE is permitted in the bitmap.
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Figure 1. EAB mechanism of Solution 4.

2.2 Performance of different schemes
In this subsection we study performance of some of the access barring schemes with system simulations. The simulations were performed in a LTE FDD system with the parameters set as agreed in [3] and shown in the table below. 
	Parameter
	Setting

	Cell bandwidth
	5 MHz

	PRACH Configuration Index
	6

	Total number of preambles
	54

	Maximum number of preamble transmission
	10

	Number of UL grants per RAR
	3

	Number of CCEs allocated for PDCCH
	16

	Number of CCEs per PDCCH
	4

	Ra-ResponseWindowSize
	5 subframes

	mac-ContentionResolutionTimer
	48 subframes

	Backoff Indicator
	20ms


The highest load scenario for traffic model 2 with 30 000 MTC users arriving according to a beta distribution within 10 seconds was used. 
	Characteristics
	Traffic model 2

	Number of MTC devices
	30000

	Arrival distribution
	Beta distribution over T

	Distribution period (T)
	10 seconds


We have used the following evaluation criteria when considering the performance of different schemes:

· The RRC set-up delay, i.e., the network access delay, shows how long the MTC device needs to wait for the access procedure to be completed. Even though the MTC devices are considered as delay tolerant, it is assumed that the delay should be kept reasonable.

· RACH load, i.e., the number of MTC devices simultaneously transmitting a preamble. When the RACH load is high, i.e., there are several UEs trying to access simultaneously, the access success probability is decreased for all users – including normal UEs.
Two different EAB mechanisms are simulated:
1. LTE ACB type of EAB: MTC devices evaluate a random drawn number against the threshold (0.05) and if access is denied, they wait a barring time (4 s), before attempting again.

2. Uniform random delay: MTC devices perform a pre-backoff chosen randomly between 0 and maxDelay (100 s) before making an access attempt in RACH. 

Figure 2 shows a cumulative distribution function for the RRC set-up delay for the two simulated cases. As can be seen from the figure, the LTE ACB type of approach causes some of the MTCs to wait for more than 900 second for initial access, where as with the uniform random delay all MTC users have set up their RRC connection within the first 100 seconds.
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Figure 2. RRC set-up delay CDF with uniform random delay and LTE ACB.
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Figure 3. RACH load as a function of time for LTE ACB (left) and uniform random delay (right).

Figures 3 shows the RACH load as a function of time for the two simulated cases. The RACH load for each RACH occasion is depicted, and as can be seen, the load varies significantly over the time when the MTC users are in the system. It is clear that the LTE ACB approach causes a higher load peak to the RACH when the MTC users arrive, and also loads the RACH for a significantly longer time when compared to the uniform random approach.
Based on the results it is concluded that the uniform random solution performs better than the LTE ACB type of solution, when the EAB is used for smoothing load peaks due to synchronous access from MTC devices. As it is acknowledged that an on/off type of barring might still be needed in some exceptional situations, it is proposed that Solution 4 with both on/off barring and uniform random delay is chosen as the EAB solution in Rel-11 for UTRA and E-UTRA.

Proposal 1 EAB information for UTRA and E-UTRA is bit per AC 0-9 and barring time

2.3 EAB information acquisition

In previous meetings, several different alternatives how to acquire EAB information have been presented:

Alternative 1: EAB is in System Information Block (e.g. SIB2), and the normal update procedure applies.
Alternative 2: EAB is in a new SIB, and ETWS kind of update mechanism applies.

Alternative 3: EAB is in a new SIB, and UEs shall read SIB to acquire the updated EAB before RA.
Alternative 4: EAB is in paging message.
Alternative 5: EAB is in Random Access Response (RAR).

From a delay and paging cost perspective, there is no fundamental difference between Alt1 and Alt2. In both alternatives, all UEs need to be paged and the time to achieve EAB information depends on the default paging cycle. Using normal system information update procedure is simpler when considering standardization efforts. Having EAB in a paging message (Alt4) increases paging load unnecessarily. Finally, Alt5 would mean significant changes to RAR PDU format. 

To this extent, we consider that Alternative 1 and Alternative 3 are most promising solutions for EAB information acquisition. It should be remembered that roaming UEs need to read SI anyway before accessing the network. Thus the difference in delay how quickly the UEs get barring info, is not necessarily so significant between Alternative 1 and Alternative 3. The downside of Alternative 3 is that the UE battery lifetime is potentially degraded due to unnecessary reading of SI when it has not been changed. In addition, the access attempts are synchronized to occur after transmission of the SIB including EAB information. 
It should be noted the EAB information update does not need to be very fast if that the network could broadcast EAB continuously in proactive manner. With the delay timer this is possible because the resulting barring time has a limited maximum value.  When the load exceeds a certain threshold, then explicit barring can be used by turning the barring bit for certain or all ACs on.

Proposal 2 EAB information is in one of the SIBs and no changes are required in the existing mechanism of SI change
3 Conclusion

In this paper, the EAB solution for both UTRAN and E-UTRAN was discussed. Four different solutions were presented and the performance of the LTE ACB type solution and the Uniform random delay solution was evaluated with simulations. It was concluded that the uniform random solution performs better than the LTE ACB type of solution, when the EAB is used for smoothing load peaks due to synchronous access from MTC devices. As it is acknowledged that an on/off type of barring might still be needed in some exceptional situations, it is proposed that solution including both on/off barring and uniform random delay is chosen as the EAB solution in Rel-11.

For the system information update, the current mechanisms are sufficient. However, further discussion might be needed on which SIB the information should be included in.
Proposal 3 EAB information for UTRA and E-UTRA is bit per AC 0-9 and barring time
Proposal 4 EAB information is in one of the SIBs and no changes are required in the existing mechanism of SI change REF _Ref301182951 \h 
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