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1. Introduction
Based on the latest agreements in RAN2 ([2], [3], [6], [7], [8]) it is acknowledged that an Extended Access Barring (EAB) mechanism will be introduced in UTRAN and EUTRAN Rel-11 to protect the system against potential RAN access overload issues due to MTC devices. 
One baseline agreement on the EAB mechanism/content [7,8], common for both UMTS and LTE, is that EAB will be 1 bit per AC (10 AC classes). For UMTS, another baseline agreement [8] is that EAB SIB update will be based on the legacy value tag method.
As shown in previous papers ([9]), there are some performance limitations of the two baseline EAB mechanisms agreed by RAN2 for UMTS so far. This paper summarizes and discusses again those issues with the aim to trigger some further consideration on the need for some UMTS EAB enhancements, which would better satisfy the target scenarios and objectives of the MTC RAN overload WI.
2. Performance impacts of the baseline EAB for UMTS 
2.1 EAB 10-classes bitmap

The paper presented at the last RAN2 [9] compares the following two access control schemes, focusing on UTRA FDD as reference access technology.
· Baseline EAB + UMTS RACH: same as the existing EAB mechanism in GERAN (Rel-10, [4]) consisting of a EAB dedicated ACB mechanism (10 classes). Though providing some deterministic access control tuning (e.g. block all EAB devices, or selectively 10% portions of them), access success and congestion performance are shown to be suboptimal when a high number of devices needs to access the system.

· Uniform Delay + UMTS RACH: an additional scheme (working on top of the baseline EAB), where the UE delays its access attempt by waiting for a random amount of time that is uniformly distributed in the range [0, unif_delay], where unif_delay is configured/indicated by UTRAN. This “Uniform-Delay” scheme avoids the problem of excessive simultaneous access and limits the overall access delay to a reasonable/controllable amount. Overall, its performance is found to be the most optimal.

The tables and plots below summarize the simulation results for those high MTC intensity scenarios where the baseline EAB method shows very poor performance. Results are based on a single cell, no H2H traffic and 16 PRACH signatures, i.e. a very best case. Other results and more details on simulation assumptions and KPI definitions can be found in [9].
Table 1. Collision/Access Probability and Delay statistics

	30000 MTC devices
(PRACH signatures = 16)
	Collision 
Prob. (%)
	Access 
Success
 Prob. (%)
	10% 
Overall 
Delay (s)
	Mean 
Overall 
Delay (s)
	90% 
Overall 
Delay (s)
	95% 
Overall 
Delay (s)

	(*) Baseline EAB + RACH
	43.5
	18.6
	0.030
	8
	24.5
	28.0

	Uniform delay (100s) + RACH 
	3.5
	99.9
	10.5
	50.2
	90.2
	95.2


(*) Results are the average of all 10 batches of the 30000 devices
Table 2. PRACH preamble transmission statistics
	30000 MTC devices
	10% No. of preamble Tx 
	Mean No. of preamble Tx
	90% No. of preamble Tx
	95% No. of preamble Tx

	(*) Baseline EAB + RACH
	1
	13.8
	48
	52

	Uniform delay (100s) + RACH
	1
	2.8
	6
	7


(*) Results are the average of all 10 batches of the 30000 devices
Figure 1. No. of devices transmitting simultaneously vs. Time
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Baseline EAB (10%) + RACH
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Uniform (100sec) + RACH


From the above results (best-case simulation scenario), it can be concluded that Baseline EAB + RACH shows significant performance issues, in particular

· The first batch of 3000 devices will have relatively acceptable performance; however, when the barring bits are toggled and other devices (which were barred) are now allowed to transmit, they will all attempt access within a very short time window. 
· Such behaviour will cause poor access success probability and a large number of devices transmitting simultaneously (with likely severe impacts to RoT, thus also to H2H user experience). As shown in Fig 1, the number of simultaneous devices will be ~350 for those subsequent 10% batches.
On the other hand Uniform delay spreading + RACH shows much better performance, indeed it is able to achieve good access success probability and to maintain a uniform and optimal loading on the system due to the fact that the number of devices transmitting simultaneously stays fairly constant.
2.2.EAB SIB Update 

With regard to another EAB design aspect discussed at length in RAN2, i.e. on the EAB SIB update mechanism, RAN2#76 agreed that for UMTS the legacy update mechanism based on value tag shall be used.
As discussed already in [9], the value-tag based mechanism presents the following major disadvantages:

· paging for EAB SIB change notification is required, so there will be impacts to non-MTC UEs (which do not care about EAB SIB information),
· there will be unnecessary wake-up times (thus battery drain) on MTC UEs during those time periods where those UEs do not need to access the network (assumed to be a normal condition for MTC devices).
A better and more optimal EAB SIB update mechanism has been proposed [9], relying on another legacy mechanism allowed for UTRA (e.g. for SIB7 reading in Idle), i.e. MTC UEs should read the EAB SIB before access. In particular, when an EAB UE needs to access, it will read the SIB EAB (based on its known scheduling), check the status (and parameters) of its EAB class and:

· if the EAB class is open (access allowed), UE will proceed with RACH

· if the EAB class is closed (access is barred), UE can either

· a) stay alert to detect changes in EAB bitmap, so that as soon as its EAB class is toggled to open it can perform RACH

· b) wait for a barring time before checking the EAB SIB (as described in the previous section)

The choice between options a) and b) for handling SIB update for barred EAB UEs seems mainly dependent on the trade-off between 

· a more deterministic barring and smaller battery drain, in case Tbarred is used

· fast re-action to EAB changes and less SIB overhead bits(*), in case Tbarred is not used

(*) SIB overhead would not be a concern if the EAB coding includes a Tdelay timer (as proposed earlier). The same timer (or a function of it), could indeed be used to provide a uniform access spreading for open EAB classes and to indicate a barring time for closed EAB classes (using same or different time duration, based on need).
4. Conclusions

The following proposals are provided for RAN2 discussion and (possible) agreement.
Proposal 1: Enhance the baseline EAB mechanism by adding a Uniform delay Timer that can be optionally set (enabled/disabled), either common to all EAB classes or separately for each EAB class.
Proposal 2: Define that EAB UEs shall read EAB SIB(s) before access.
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