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1.  Introduction
The Access Class barring mechanism for LTE has been discussed extensively in RAN2 [1, 2]. Yet the following issues are open:
· DSAC equivalent mechanism

· Mechanism to differentiate barring of location registration attempts

· Granularity of the access probability factor

· Value range of the access barring time

· Value of the parameter “alpha” to randomise barring time
This paper addresses the points above, except the first bullet which is being discussed in SA1.

2. Discussion
2.1  Mechanism to differentiate barring of location registration attempts

The current LTE AC barring model (Fig.1) lacks support to differentiate barring of location registration (TAU/ Attach) attempts from basic call establishment access attempts. For UTRA Rel-8, such differentiation has been agreed in RAN2#61, following the LS received from CT1 on PPAC [3]. For UTRA Rel-8, it was agreed that a separate barring status will be indicated for location management access (LAU/ RAU) for each AC 0-15 [4]. The requirements of PPAC would also apply to LTE, and hence, the LTE specification should allow independent barring control of location registration attempts from basic access attempts. The rational for such differentiation is well described in [5], which is also attached to this contribution.
The objective of PPAC is to allow paging responses and location registration traffic. For example, consider a natural disaster scenario. A call originated by an authorised user to an unauthorised user should still succeed. If TAU is blocked, such paging cannot reach the called user. Hence, it should be possible to allow TAU, while any originating calls can be blocked. On the other hand, TAU can occur in a burst when a train crosses a TA border. This will cause blocking (or a reduced success rate) of call establishments even for paging responses, due to the network being congested, e.g., on S1. To prevent such problems, PPAC requires that access can be controlled independently for location registration traffic.

To support PPAC, the LTE AC barring model should be enhanced as shown in Fig.2. The part shown in orange is newly introduced. Note that any Attach/ TAU with or without follow-on traffic shall be handled along this new route. A separate set of barring parameters, i.e., access probability factor, access barring time, and barring status for AC 11-15 should be introduced in SIB2, and a separate barring timer, namely T305, should be introduced. A text proposal for TS 36.331 v8.1.0 is appended. To minimise the overhead, some changes to the ASN.1 are also proposed. 
Proposal 1:
Separate access barring control should be introduced for location registration traffic (Attach/ TAU) to support PPAC.
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Fig.1  Current LTE AC barring model.
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Fig.2  Proposed LTE AC barring model to support PPAC.

2.2  Granularity of the access probability factor
Regarding the granularity of the access probability factor, 4 bits are necessary to cover a 10% granularity. Using 4 bits, 6.25% granularity can be achieved. However, in practical operations, it is desirable that the access probabilities are easy to pronounce, e.g., 30%, not 31.25%. As such, granularity of 10% should be supported. Note that 0% is not needed since then the optional IE can simply be absent. The remaining 6 code points can be used to set 5% granularity at the either end.
Proposal 2:
Access probability factor should have a value range: 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5, 0.6, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, 1.
2.3  Value range of the access barring time

The value range of the access barring time is currently FFS, but a range in the order of minutes has been suggested. It seems that a barring time of 10 min or 30 min does not make much difference in practice, since either way, the sytem loading can be sufficiently controlled by setting the appropriate access probability factor. Moreover, it would be undesirable if a user wants to establish an important call and is barred for a long time due to the unlucky random number drawn. As such, it would be sufficient if the barring time can be set up to about 3 mins. On the other hand, short barring time should be configurable since the congestion might be temporary. If a TAU is barred for a long time, the UE cannot be paged during this time and the UE will virtually be out-of-coverage. As such, short barring time in the order of seconds is also necessary.
Proposal 3:
Access barring time should have a value range: 4, 8, 16, 32, 64, 128, 256, 512 seconds.

2.4  Value of the parameter “” to randomise barring time
The value of the parameter “” in the barring time calculation formula, i.e., “(1-+2*rand)*barring time,” is currently FFS. A value of 0.3 has been suggested [1]. Figure 3 shows how UEs can be distributed with the barring time, assuming that retries are immediately made after each timer expiry. It can be observed that  = 0.2 is too small to distribute quickly the access retries. In contrast,  = 0.5 distributes excessively, as a lucky user can make its third retry before some users have not yet made their fist retry. As such,  = 0.3 seems to provide a good balance between user distribution and fairness.
Proposal 4:
A value of 0.3 is proposed for the parameter “” to randomise the barring time, making the formula “(0.7+0.6*rand)*barring time.”
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(a)  = 0.2
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(b)  = 0.3
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(c)  = 0.5

Fig.3  Barring time distribution by parameter “”.

3. Conclusions
The following proposals were made:
Proposal 1:
Separate access barring control should be introduced for location registration traffic (Attach/ TAU) to support PPAC.

Proposal 2:
Access probability factor should have a value range: 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5, 0.6, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, 1.

Proposal 3:
Access barring time should have a value range: 4, 8, 16, 32, 64, 128, 256, 512 seconds.

Proposal 4:
A value of 0.3 is proposed for the parameter “” to randomise the barring time, making the formula “(0.7+0.6*rand)*barring time.”
A text proposal for TS 36.331 v8.1.0 is attached to reflect these proposals.
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Text proposal
A text proposal for TS 36.331 v8.1.0 is provided below.
5.3.3.2
Initiation

The UE initiates the procedure when upper layers request establishment of a signalling connection while the UE is in RRC_IDLE state.

Upon initiation of the procedure, the UE shall:

1>
if System Information Block Type 2 includes the IE Access barring related information:

2>
if the UE is establishing the RRC connection to perform an emergency call:

3>
if the IE accessBarringForEmergencyCalls is set to FALSE:

4>
consider the Access barring check to be successful;

3>
else if the UE has one or more Access Classes, as stored on the USIM, with a value in the range 11..15 and

3>
for at least one of these Access Classes the IE accessClassBarring in the IE accessBarringForOriginatingCalls is set to FALSE and, according to TS 22.011[10] and TS 23.122 [11], it is valid for the UE to use this Access Class:

NOTE:
ACs 12, 13, 14 are only valid for use in the home country and ACs 11, 15 are only valid for use in the HPLMN/ EHPLMN

4>
consider the Access barring check to be successful;

3>
else:

4>
consider the Access barring check to be unsuccessful;

2>
else 
if the IE accessBarringForTerminatingCalls in SIB type 2’ is set to FALSE AND the UE is establishing the RRC connection to perform a mobile terminating call (including tracking area update with follow-on for paging response):
3>
consider the Access barring check to be successful;
2>
else if the UE is establishing the RRC connection to perform location registration (Attach or TAU) and the IE accessBarringForAttachAndTAU is present in SIB type 2:
3>
if the UE has one or more Access Classes, as stored on the USIM, with a value in the range 11..15 and

3>
for at least one of these Access Classes the IE accessClassBarring in the IE accessBarringForAttachAndTAU is set to FALSE and, according to TS 22.011[10] and TS 23.122 [11], it is valid for the UE to use this Access Class:

4>
consider the Access barring check to be successful;

3>
else:

4>
if T305 is running:
5>
consider the Access barring check to be unsuccessful;

4>
else:
5>
draw a random number, "rand", uniformly distributed in the range: 0 ≤ rand < 1

5>
if 'rand' is lower than the value indicated by the IE accessProbabilityFactor in the IE accessBarringForAttachAndTAU included in SIB type 2:

6>
consider the Access barring check to be successful;

5>
else:

6>
consider the Access barring check to be unsuccessful;

2>
else:
3>
if the UE has one or more Access Classes, as stored on the USIM, with a value in the range 11..15 and

3>
for at least one of these Access Classes the IE accessClassBarring in the IE accessBarringForOriginatingCalls is set to FALSE and, according to TS 22.011[10] and TS 23.122 [11], it is valid for the UE to use this Access Class:

4>
consider the Access barring check to be successful;



3>
else:

4>
if T303 is running:
5>
consider the Access barring check to be unsuccessful;

4>
else:
5>
draw a random number, "rand", uniformly distributed in the range: 0 ≤ rand < 1

5>
if 'rand' is lower than the value indicated by the IE accessProbabilityFactor in the IE accessBarringForOriginatingCalls included in SIB type 2:

6>
consider the Access barring check to be successful;

5>
else:

6>
consider the Access barring check to be unsuccessful;

1>
else:

2>
consider the Access barring check to be successful;
1> If the access barring check, as specified above, is successful:

2> Stop acting on PAGING messages;

2>
Set the variable UE_CONTENTION_RESOLUTION_IDENTITY as follows:
3>
if upper layers provide an S-TMSI:
4>
set the "Identity type" to ‘S-TMSI’;
4>
set the "S-TMSI" to the value received from upper layers;
3>
else

4>
set the "Identity type" to ‘Random number’;

4>
draw a random value and set the "Random number" to the selected value;

Editor's note:
Exact coding of the variable UE_CONTENTION_RESOLUTION_IDENTITY is FFS.
NOTE 1
Upper layers provide the S-TMSI if the UE is registered in the TA of the current cell.
2>
Set counter V300 to 1; and

2>
Initiate transmission of the RRC CONNECTION REQUEST message in accordance with 5.3.3.3;

2> Start timer T300 when the lower layers indicate success to transmit the message

NOTE
Upon initiating the connection establishment procedure, the UE is not required to ensure it maintains up to date system information applicable only for UEs in RRC_IDLE state. However, the UE needs to perform system information acquisition upon re-selection.
1> else:

2>
if the UE is not establishing the RRC connection to perform an emergency call:

3>
if the UE is establishing the RRC connection to perform Attach or TAU:

4>
if T305 is not running:
5>
draw a random number rand that is uniformly distributed in the range 0 < rand < 1:
5>
Start timer T305 with a timer value calculated as follows, using the IE accessBarringTime in the IE accessBarringForAttachAndTAU included in SIB type 2:

T305= (0.7 + 0.6 * rand) * accessBarringTime
3>
else if T303 is not running:
4>
draw a random number rand that is uniformly distributed in the range 0 < rand < 1:

4>
Start timer T303 with a timer value calculated as follows, using the IE accessBarringTime in the IE accessBarringForOriginatingCalls included in SIB type 2:

T303= (0.7 + 0.6 * rand) * accessBarringTime

2>
inform upper layers about the failure to establish the RRC connection, upon which the procedure ends.
The UE behaviour upon failure to transmit the message is FFS.

	Next modified section


5.3.3.7
Cell re-selection

If cell reselection occurs during RRC connection establishment, the UE shall:

1>
stop timer T300, if running;

1>
stop timer T302, if running;

1>
stop timer T303, if running;
1>
stop timer T305, if running;
1>
resume acting on PAGING messages;

1>
inform upper layers about the failure to establish the RRC connection, upon which the procedure ends.

	Next modified section


–
SystemInformationBlockType2

The IE SystemInformationBlockType2 contains common and shared channel information.

NOTE 1:
UE timers and constants related to functionality for which parameters are provided in another SIB are included in the corresponding SIB.

NOTE 2:
It is FFS whether Uplink EARFCN should be moved to SIB 1. This relates to the discussion on UE capability for variable TX-RX frequency separation.

SystemInformationBlockType2 information element
-- ASN1START

SystemInformationBlockType2 ::=

SEQUENCE {


accessBarringInformation


SEQUENCE {



accessBarringForEmergencyCalls

BOOLEAN,


accessBarringForTerminatingCalls
BOOLEAN,






accessBarringForOriginatingCalls
AccessClassBarringInformation,


accessBarringForAttachAndTAU

AccessClassBarringInformation
OPTIONAL
-- Need OP

}

OPTIONAL,
















-- Need OP


semiStaticCommonChConfig


SemiStaticCommonChConfigSIB,


semiStaticSharedChConfig


SemiStaticSharedChConfig,


ue-TimersAndConstants



UE-TimersAndConstants,


frequencyInformation



SEQUENCE {



ul-EARFCN






INTEGER (0..maxEARFCN)


OPTIONAL,
-- Need OP



ul-Bandwitdh





ENUMERATED {ffs},




-- 4-bit field FFS


additionalSpectrumEmission


INTEGER (0..31)


},


...

}

AccessClassBarringInformation ::=
SEQUENCE {


accessProbabilityFactor



ENUMERATED {0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.4, 0.5, 0.6, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, 1},


accessBarringTime




ENUMERATED {4, 8, 16, 32, 64, 128, 256, 512},

accessClassBarringList



SEQUENCE (SIZE (5)) OF SEQUENCE {



accessClassBarring




BOOLEAN


}

}

-- ASN1STOP

Editor's note:
The extension mechanisms in this system information block are FFS.


	SystemInformationBlockType2 field descriptions

	accessBarringForEmergencyCalls

Access class barring for AC 10.

	accessBarringForTerminatingCalls

TRUE means the same barring conditions as for originating calls apply. FALSE means no barring for terminating calls.

	accessBarringForOriginatingCalls
Access class barring for originating calls.

	accessBarringForAttachAndTAU
Access class barring for Attach and TAU attempts, including follow-on cases.

	accessProbabilityFactor

If the random number drawn by the UE is lower than this value, access is allowed. Otherwise the access is barred.

	accessBarringTime

Mean barring time in seconds.

	accessClassBarringList

Access class barring for AC 11-15. First in the list is for AC 11, second in the list is for AC 12, and so on.

	ul-EARFCN

Default value determined from default TX-RX frequency separation defined in [36.101]

	ul-Bandwidth

Parameter: Uplink bandwidth [36.101]

	additionalSpectrumEmission

Defined in [36.101]


	Next modified section


7.3  Timers

	Timer
	Start
	Stop
	At expiry

	T300
(Need is FFS)
	Transmission of RRC CONNECTION REQUEST
	Reception of RRC CONNECTION SETUP with the IE "Initial UE identity" equal to the IE that the UE included in the RRC CONNECTION REQUEST message
	Retransmit RRC CONNECTION REQUEST if V300 =< N300, else go to RRC_IDLE

	T301
(Need is FFS)
	Transmission of RRC CONNECTION RE-ESTABLISHMENT REQUEST
	Reception of RRC CONNECTION RE-ESTABLISHMENT with the IE "Re-establishment UE identity" equal to the IE that the UE included in the RRC CONNECTION RE-ESTABLISHMENT REQUEST message
	Retransmit RRC CONNECTION RE-ESTABLISHMENT REQUEST if V301 =< N301, else go to RRC_IDLE

	T302
	Reception of RRC CONNECTION REJECT including the IE ‘Wait time’
	Upon cell re-selection
	Perform RRC connection request retry

	T303
	Unsuccessful access barring check while UE is not performing an emergency call
	Upon entering RRC_CONNECTED, upon 
cell re-selection and upon receiving SIB type 2 including a value of the IE accessProbabilityFactor or the IE accessBarringTime for originating calls different from the stored value
	None

	T304
	Reception of RRC RECONFIGURATION message including the IE ‘Mobility control information’
	Criterion for successful handover completion is met
	Consider handover to have failed and perform re-establishment on the ‘best cell’ (details FFS)

	T305
	Unsuccessful access barring check while UE is performing location registration (Attach or TAU)
	Upon entering RRC_CONNECTED, upon cell re-selection and upon receiving SIB type 2 including a value of the IE accessProbabilityFactor or the IE accessBarringTime for Attach/ TAU different from the stored value
	None

	T310
	Upon detecting radio link problems
	Upon recovery from radio link problems
	Start T311

	T311
	Upon T310 expiry
	Reception of RRC CONNECTION RE-ESTABLISHMENT or RRC CONNECTION RE-ESTABLISHMENT REJECT with the IE "Re-establishment UE identity" equal to the IE that the UE included in the RRC CONNECTION RE-ESTABLISHMENT REQUEST message
	Enter RRC_IDLE

	T320
	Upon receiving IE Cell re-selection priority expiry timer
	Upon entering RRC_CONNECTED
	Specified in [4], i.e. discard the Inter-frequency and inter-RAT priority information
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