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1. Introduction
Based on current Stage1 requirements ([1]) and the latest agreements in RAN2 ([2], [3]) it seems generally acknowledged that an Extended Access Barring (EAB) mechanism needs to be introduced in UTRAN Rel-11 to protect the system, as per WI objectives, against potential RAN access overload issues due to MTC devices,. 

This paper describes a comparison between few selected EAB acess control schemes, providing one optimal EAB mechanism that satisfies current MTC requirements and overcomes the performance limitations of exisitng ACB/EAB mechanisms. The final proposal is a comprehensive RAN2 solution (inlcuding signaling aspects and options) for Rel-11 MTC overload control. 
2. Background and summary of latest agreements
This section caputers existing requirements and agreements that should serve as useful reference/baseline for the discussions and proposals presented in the next sections. 
2.1
MTC RAN Overload  - Service requirements

The following MTC RAN overload service requirements are defined [1].

Extended Access Barring (EAB) is a mechanism for the operator(s) to control Mobile Originating access attempts from UEs that are configured for EAB in order to prevent overload of the access network and/or the core network. In congestion situations, the operator can restrict access from UEs configured for EAB while permitting access from other UEs. UEs configured for EAB are considered more tolerant to access restrictions than other UEs. When an operator determines that it is appropriate to apply EAB, the network broadcasts necessary information to provide EAB control for UEs in a specific area. The following requirements apply for EAB:

· The UE is configured for EAB by the HPLMN 
-
EAB shall be applicable to all 3GPP Radio Access Technologies. 

-
EAB shall be applicable regardless of whether the UE is in a Home or a Visited PLMN. 

-
A network may broadcast EAB information.

-
EAB information shall define whether EAB applies to UEs within one of the following categories: 

a) 
UEs that are configured for EAB;

b) 
UEs that are configured for EAB and are neither in their HPLMN nor in a PLMN that is equivalent to it; 

c)  
UEs that are configured for EAB and are neither in the PLMN listed as most preferred PLMN of the country where the UE is roaming in the operator-defined PLMN selector list on the SIM/USIM,  nor in their HPLMN nor in a PLMN that is equivalent to their HPLMN

-
EAB information shall also include extended barring information for Access Classes 0-9. 
-
A UE configured for EAB shall use its allocated Access Class(es) when evaluating the EAB information that is broadcast by the network, in order to determine if its access to the network is barred. 
-
If a UE that is configured for EAB initiates an emergency call or is a member of an Access Class in the range 11-15 and that Access Class is permitted by the network, then the UE shall ignore any EAB information that is broadcast by the network.
-
If the network is not broadcasting the EAB information, the UE shall be subject to legacy access barring 
-
If the EAB information that is broadcast by the network does not bar the UE, the UE shall be subject to legacy access barring.

-
In the case of multiple core networks sharing the same access network, the access network shall be able to apply the EAB for the different core networks individually.

2.2
MTC RAN Overload – RAN2 previous agreements
The following agreements have been reached in RAN2 on MTC RAN overload.

RAN2#73bis meeting [2]:

· Extension of AB based on SA1 requirements will be introduced in Rel-11. Potential further proposed enhancements should show significant benefits compared to this baseline solution and other mechanisms already present. 

RAN2#74 meeting [3]:

· Somehow the UE knows whether at a certain RRC connection establishment it needs to apply EAB or not. 

· BCCH broadcasts EAB information. 

· EAB information on BCCH indicates which "category" of UEs configured with EAB apply EAB. 

· UEs configured with EAB check their categories (i.e. category a, b, c) in order to decide whether or not to apply EAB. 

· If UE is establishing the RRC connection for emergency call, UE configured with EAB applies no EAB. 

· If UE has no special AC, UE configured with EAB applies EAB for non-emergency calls. 
· If EAB information is not available on BCCH, UEs configured with EAB apply no EAB, but apply Rel-10 ACB.
3. Comparison of access control schemes 
3.1 
Evaluated access control schemes 
This section introduces the various access control schemes that were selected for comparison and the motivations behind their evaluation. The following four schemes are compared: 

· Baseline: UTRAN legacy RACH only, not sufficient to control identified MTC overload scenarios.
· GERAN EAB (like UMTS ACB - 10% blocking granularity): this is 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 very high number of devices needs to access the system.

· LTE ACB (using ac_BarringFactor and ac_BarringTime): This is the existing access class barring mechanism in LTE. The two parameters ac_BarringFactor and ac_BarringTime govern the behavior of this algorithm. 
A weakness of the LTE ACB scheme is that it results in delay that follows a (approximately) geometric distribution. This means that the tail probability of the distribution is non-zero even at very large values. When there are many EAB UEs using this scheme, a significant number of devices may end up choosing from the tail of the delay distribution and hence incur in an excessive access delay.

· Uniform Delay: We analyze one addition new scheme, where the UE delays its access attempt by waiting for a random amount of time that is uniformly distributed between [0, unif_delay]. 
This “Uniform-Delay” scheme avoids the problem of excessive access delay since the nature of the distribution bounds the maximum delay that any UE can incur. Overall, its performance are found to be the most optimal.

In [6], a slotted access scheme was proposed, in which a UE will attempt random access only during its paging cycles. In order to distribute the UE attempts over time, it proposes that either the ID of the UEs are randomly assigned or are pre-arranged for contention free access. 
This mechanism has not been included in the following comparison analysis as it seems less flexible and more complex than the above mentioned Uniform-Delay scheme (e.g. slotted access may need a dynamic UE IDs re-assignment with some significant complexity for UTRAN to control the MTC devices access intensity).
3.2. 
Simulations and Performance results

3.2.1
Simulations scenario, assumptions and metrics

The following simulation scenario and assumptions have been used.
The MTC traffic model used is the worst case scenario, according to traffic model 2 defined in [5].
	Parameter
	Setting

	Number of MTC devices
	30000

	MTC devices arrival distribution
	Beta distribution over 10s


In the simulation, we model a single cell environment and assume no background traffic. 
We assume that the devices attempt access as per a beta distribution with parameters alpha = 3 and beta = 4. In case of collision, we assume that all colliding devices retransmit. In case of no collision, we use a preamble detection probability of 1-(1/exp(i)) where i indicates the i-th preamble transmission. 
UMTS RACH parameters assumptions are listed in the table below.
	UMTS RACH Parameters
	Setting

	NB01min
	3

	NB01max
	40

	Maximum number of preamble retransmissions
	5

	Max number of Preamble Ramping cycles
	10

	Dynamic persistence value
	0.9

	Number of signatures per PRACH
	8,16

	Number of PRACH
	1

	Available access slots
	All

	RACH TTI
	20 ms


The performance metrics used to compare the above schemes are the following (according to [5]).
· Access success probability : defined as the probability to successfully complete the random access procedure within the maximum number of RACH preamble transmissions. 

· Collision probability : defined as the ratio between 
· a) the number of occurrences when two or more devices send a random access attempt using exactly the same preamble, and 
· b) the overall number of opportunities (with or without access attempts) in the period of interest.
The period of interest is the time between the first random access attempt and the earliest time by which all devices have either succeeded or failed the random access procedure. 

· Number of preamble transmissions statistics: defined as number of RACH preamble transmissions to perform a random access procedure, applicable only to the MTC devices with successful access.
· Overall delay statistics: defined as the overall delay between the time at which UE generates data for transmission and the completion of transmission, applicable only to the MTC devices with successful access.
· Number of devices transmitting simultaneously: defined as the number of devices that are transmitting either a RACH preamble or data. This metric can be used as an indication of the load / RoT on the system.
In the next section we present simulation results for the access control schemes described earlier, based on the following specific simulation assumptions:

· Baseline (UTRAN RACH only): MTC devices access UTRAN following the legacy RACH procedure and common  (non MTC dedicated) RACH parameters (see parameters table above)

· GERAN-like EAB (10% blocking granularity) + UTRAN RACH: Only 10% of the MTC devices are allowed to access UTRAN at a given time, following the legacy RACH procedure (and parameters) for the random access. It is assumed that once the 10% that are allowed to transmit have completed (either successfully or unsuccessfully), then another 10% is allowed to access UTRAN. Note that after the first batch of 10% devices complete their access procedure, any new/subsequent batch of 10% devices will attempt access within a very short duration since they have all been waiting to access the system. Within the purpose of the simulation, it is assumed that the access of subsequent 10% batches is spread out over 1.28s (Idle DRX cycle).
· LTE ACB + UTRAN RACH: MTC devices access UTRAN following a LTE-like ACB procedure using the parameters ac_BarringFactor and ac_BarringTime; this allows to initially spread the UEs access delay, after which MTC devices perform UTRAN RACH as per legacy procedure and parameters.
· Uniform access delay spread + UTRAN RACH: MTC devices access UTRAN following an initial Uniform delay spreading, i.e. UEs pick a random number in the interval [0, unif_delay] and wait for that duration; afterwards, they perform a UTRAN RACH
3.2.2
Simulations results
This section shows the simulation results for 16 PRACH signatures (best case). 

Other results (i.e. using 8 PRACH signatures, reducing the MTC intensity to 10000/10sec and varying LTE ACB parameters) are included, for information, in the Annex.
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 (RACH)
	75
	3.7
	0.025
	0.3
	0.8
	0.9

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

	LTE ACB (0.05,4) + RACH 
	0.2
	99.9
	6.7
	76.5
	177.5
	232.3

	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 (RACH)
	1
	10.8
	37
	45

	(*) GERAN EAB + RACH
	1
	13.8
	48
	52

	LTE ACB (0.05,4) + RACH
	1
	2.2
	4
	6

	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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GERAN EAB:10% only
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LTE ACB (0.05,4) + RACH
	[image: image4.jpg]No. of Devices Transmitting Simultaneously

12

=
o

[

No. of Devices Transmitting Simultaneously v.

Filtered over 0.5 sec

Time

L
60
Time (sec)

80

Il
100

120




Uniform (100sec) + RACH


From the above results, the following conclusions can be derived.
· Baseline performs very poorly, both in terms of access success probability and in terms of the number of devices transmitting simultaneously

· GERAN-EAB + RACH shows some main performance issues. 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.
· LTE ACB(0.05,4) + RACH is able to achieve good access success probability, but with the main drawback of causing a large delay, especially at the distribution tail (see for instance 95 percentile values in the table above). It also has the limit of not spreading out efficiently the access attempts, in particular the number of devices transmitting simultaneously is high at start and decays over a large time window.
· Uniform delay spreading + RACH shows the best 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.
4. Discussion and Proposal 
Based on the described requirement/agreements, the performance comparison of different EAB mechanisms described earlier, and the intention to introduce a flexible and future-proof solution, a comprehensive package of features is proposed for UTRAN Rel-11 MTC RAN overload control.
Namely, Rel-11 UTRAN is proposed to support a SIB-based EAB solution (using existing or new SIBs), consisting of the following features/mechanisms.
· 10 EAB classes for “Delay Tolerant”-only devices (similar to GERAN Rel-10 EAB), fulfilling EAB service requirements [1] and allowing PLMN-based categories a)-c) (like GERAN EAB, [4])
· A Uniform delay spreading that can be optionally set (enabled/disabled), either commonly for all classes or separately for each class.
· Optional flexible/selective configuration of barring rules per service domain (CS/PS), MO/MT access type, call type (e.g. registration/call setup), service type (e.g. SMS, MMTel), RRC Idle and connected states. Those selective barring rules could be set common for all 10 EAB classes or differentiated per class.
· Optimized EAB UEs recognition of SIB EAB change, i.e. EAB UEs simply read EAB SIB(s) before connecting, i.e. no paging for SIB change notification is required
· Using legacy mechanisms to reject UEs at the RNC if needed (e.g. before/during RAN overload control is applied via the RRC EAB SIB), in particular EAB devices will use establishment cause = “Delay Tolerant” in their RRC connection request and can get rejected with an appropriate (Rel-10) extended Wait Timer. One optimization of this mechanism (compared to Rel-10) would be to allow UTRAN to indicate its “Delay Tolerant” support to UEs (via a broadcast flag) so that EAB UEs will not request RRC connections with unknown cause (decoded as “reserved”) in legacy Networks (unspecified network behavior).
5. Conclusions

RAN2 is asked to agree on the EAB solution proposed in section 4, as a baseline for Rel-11 RAN overload control. 

In particular the following Proposals can be identified for RAN2 agreement.
Proposal 1: Define a broadcast (SIB) access/barring bitmap for 10 EAB classes of “Delay Tolerant”-only devices, fulfilling EAB service requirements for emergency calls and differentiated PLMN-based categories (as per [1] and [4]).
Proposal 2: Define a Uniform delay spreading that can be optionally set (enabled/disabled), either commonly for all EAB classes or separately for each EAB class.
Proposal 3: Define an optional flexible/selective configuration of barring rules per service domain (CS/PS), MO/MT access type, call type (e.g. registration/call setup), service type (e.g. SMS, MMTel), RRC Idle and connected states. Those selective barring rules could be set common for all 10 EAB classes or differentiated per EAB class.
Proposal 4: Define that EAB UEs shall read EAB SIB(s) before connecting, i.e. no paging for SIB change notification would be required.
Proposal 5: Enhance Rel-10 usage of “delay tolerant” RRC establishment/reject, allowing UTRAN to indicate its “Delay Tolerant” support to UEs (via a broadcast flag), so that EAB UEs will not request RRC connections with unknown cause (decoded as “reserved”) in legacy Networks (unspecified network behavior).
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Annex A – Additional simulation results  
This annex presents additional simulation results for the following cases/scenarios:

A.1: Same scenarios as described in the main body of the document, but using 8 PRACH signatures, and a uniform delay of 150sec (due to delay impacts coming from the reduced signature space)
A.2: MTC traffic model 2 with a more moderate MTC distribution (10000 MTC devices in 10 sec)

A.3: Sensitivity analysis when varying LTE ACB parameters

A.1) Simulation results with number of PRACH signatures = 8

Table 3. Collision/Access Probability and Delay statistics

	30000 MTC devices

(8 PRACH signatures)
	Collision 
Prob. (%)
	Access 
Success
 Prob. (%)
	10% 
Overall 
Delay (s)
	Mean 
Overall 
Delay (s)
	90% 
Overall 
Delay (s)
	95% 
Overall 
Delay (s)

	Baseline (RACH)
	80
	1.5
	0.025
	0.3
	0.7
	0.9

	GERAN EAB + RACH
	54.5
	8.4
	0.025
	7.1
	21.6
	25.2

	LTE ACB (0.05,4) + RACH
	1.5
	91.1
	9.6
	82.5
	185.3
	238.3

	Uniform delay (150s) + RACH
	7.4
	99
	15.6
	75.7
	135.4
	142.5


Table 4. PRACH preamble transmission statistics
	30000 MTC devices

(8 PRACH signatures)
	10% No. of preamble Tx 
	Mean No. of preamble Tx
	90% No. of preamble Tx
	95% No. of preamble Tx

	Baseline (RACH)
	1
	11.9
	40
	46

	GERAN EAB + RACH
	1
	15.2
	51
	53

	LTE ACB (0.05,4) + RACH
	1
	3.9
	9
	12

	Uniform delay (150s) + RACH
	1
	4.1
	9
	11


Figure 2. No. of devices transmitting simultaneously vs. Time
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GERAN EAB:10% only
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LTE ACB(0.05,4) + RACH
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A.2) Simulation results for the 10000 MTC devices (16 PRACH signatures)
Table 5. Collision/Access Probability and Delay statistics

	10000 MTC devices

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

	Baseline (RACH)
	59.5
	18.4
	0.025
	0.3
	0.8
	0.9

	GERAN EAB + RACH
	21
	99
	0.9
	15.2
	26.8
	28.5

	LTE ACB (0.05,4) + RACH
	0.01
	100
	6
	75.9
	177.5
	230.7

	Uniform delay (100s) + RACH
	0.16
	100
	9.3
	49.6
	89.8
	95.2


Table 6. PRACH preamble transmission statistics
	10000 MTC devices

(16 PRACH signatures)
	10% No. of preamble Tx 
	Mean No. of preamble Tx
	90% No. of preamble Tx
	95% No. of preamble Tx

	Baseline (RACH)
	1
	9
	28
	41

	GERAN EAB + RACH
	1
	6.4
	14
	16

	LTE ACB (0.05,4) + RACH
	1
	1.6
	3
	3

	Uniform delay (100s) + RACH
	1
	1.7
	3
	4


Fig. 3. No. of devices transmitting simultaneously vs. Time (16 PRACH signatures)
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GERAN EAB:10% only
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A.2) Simulation results for the 10000 MTC devices (8 PRACH signatures)
Table 7. Collision/Access Probability and Delay statistics

	10000 MTC devices

(8 PRACH signatures)
	Collision 
Prob. (%)
	Access 
Success
 Prob. (%)
	10% 
Overall 
Delay (s)
	Mean 
Overall 
Delay (s)
	90% 
Overall 
Delay (s)
	95% 
Overall 
Delay (s)

	Baseline (RACH)
	70
	6.3
	0.025
	0.2
	0.7
	0.9

	GERAN EAB + RACH
	39
	27
	0.026
	10.4
	24.6
	28.0

	LTE ACB (0.05,4) + RACH
	0.04
	100
	5.5
	75.8
	176.7
	230

	Uniform delay (150s) + RACH
	0.1
	100
	14.9
	75.2
	134.9
	142.6


Table 8. PRACH preamble transmission statistics
	10000 MTC devices

(8 PRACH signatures)
	10% No. of preamble Tx 
	Mean No. of preamble Tx
	90% No. of preamble Tx
	95% No. of preamble Tx

	Baseline (RACH)
	1
	9.8
	36
	47

	GERAN EAB + RACH
	1
	12.8
	46
	53

	LTE ACB (0.05,4) + RACH
	1
	1.8
	3
	4

	Uniform delay (150s) + RACH
	1
	1.8
	3
	4


Fig. 4. No. of devices transmitting simultaneously vs. Time (8 PRACH signatures)
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GERAN EAB:10% only
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LTE ACB(0.05,4) + RACH
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A.3) Performance of LTE ACB + RACH for various LTE ACB parameters

In this section we compare the performance of LTE ACB(ac_BarringFactor, ac_BarringTime) + RACH for various values of ac_BarringFactor and ac_BarringTime. We show that ac_BarringFactor = 0.05 and ac_BarringTime = 4sec performs best.

The following results were obtained for the case of  number of signatures per PRACH = 16.
ac_BarringFactor can be chosen from the following set:  { 0, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.40, 0.50, 0.60, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95}, while ac_BarringTime can be chosen from the following set:  { 4, 8, 16, 32, 64, 128,  256,  512}.
	ACB Param.
(ac_BarringFactor, ac_BarringTime(s))
	Collision Prob. (%)
	Access Success Prob. (%)
	10% Overall Delay (s)
	Mean Overall Delay (s)
	90% Overall Delay (s)

	0.05, 4
	0.2
	99.9
	6.7
	76.5
	177.5

	0.1, 4
	3.7
	92.5
	3.5
	38.4
	87.7

	0.1, 8
	0.4
	99.6
	5.9
	72.4
	170.6

	0.15, 16
	0.4
	95.6
	1.1
	94.6
	225.3

	0.3, 32
	0.6
	79.7
	0.4
	93.8
	210.9

	0.5, 64
	0.7
	54.8
	45.8
	117.3
	244.5

	0.7, 128
	0.5
	34.1
	0.5
	160.6
	296.5

	0.9, 256
	0.7
	13.8
	0.04
	203.9
	325.9


Access success probability and Mean overall delay become significantly worse as the ac_BarringFactor is increased (> 0.1). In these cases, if we decrease the ac_BarringTime, we will end up decreasing the access success probability since we will lose effectiveness in spreading the access attempts. On the other hand, if we increase the ac_BarringTime, we will end up making the Mean overall delay worse. Hence, it seems best to use ac_BarringFactor = 0.05 and ac_BarringTime = 4.
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