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1.  Introduction
In RAN2#58bis, RAN2 took the working assumption that a change in system information (except for SIBs that change very frequenty) is notified by a signalling similar to paging, and that an IDLE UE does not receive outside its DRX configured for paging to receive this signalling [1]. For an ACTIVE UE in DRX, the working assumption is similar; the UE does not receive outside its current DRX to receive this notification. Although the working assumption was endorsed, NTT DoCoMo expressed some concerns in the incurred signalling overhead depending on how RAN2 designs the Access Class (AC) barring. The argument was that the AC barring status in a real network can change quite frequently (in the order of tens of seconds) and this might lead to nearly constant sending of system information change notification.

This paper discusses AC barring enhancements to avoid frequent system information change.
2. Discussion
2.1  AC barring in UMTS
2.1.1  Review of AC barring and persistence level control in UMTS
Figure 1 depicts the Access Class (AC) and Access Service Class (ASC) concepts in UMTS. The AC is allocated by the operator and stored in the USIM except for AC 10, which is reserved for emergency calls. For each AC a 1 bit barring status is indicated in SIB3. Each AC is mapped to an ASC that is assigned some PRACH resources. The persistence level is set for each ASC to control the RACH load, and the value of N (having a range of 1 to 8) is sent in SIB7 that controls the persistence level P(N) = 2-(N-1). Note that for emergency calls the persistence level is always 1, meaning that the RACH can always be transmitted.
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Fig.1  Access Class and Access Service Class in UMTS.
Figure 2 shows the persistence level control mechanism in UMTS. Whether to transmit the PRACH or wait for T2 (= 10 ms) depends on the random number u (0-1 uniform) drawn being smaller than the persistence level P for the corresponding ASC or not. If, after transmitting the PRACH, a Nack is received on AICH, the UE backs off for TBO1. The back off time is randomly set by picking an integer NBO1 between the max and min values (having a range of 0 to 50), and by setting TBO1 = NBO1 *10 ms. If the number of retrials reaches Mmax (having a range of 1 to 32), the procedure is aborted and a failure is indicated to the higher layer.
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Fig.2  Persistence level control in UMTS.

2.1.2  Use of AC barring in UMTS

Access Class barring is an important function to suppress excessive traffic and avoid congestion. It can be triggered when high load is detected during operation. It can also be triggered when high traffic is expected, e.g., at new year countdown or big outdoor events. Moreover, it can be used before and after a maintenance work to gradually close and open the cell. During these events the cell is not entirely barred but restricted to limited users.
This can be achieved by setting a barred status to certain ACs. For example, if the traffic needs to be reduced by 30%, ACs 0-2 can be barred, while ACs 3-9 can be allowed for access. However, if the same barring status is kept, the same user is always barred, while others get to access freely. To distribute the restriction equally among all the users, the AC barring status has to be rotated after some period of time (typically in the order of tens of seconds). This is shown in Fig.3. Upon a change of the AC barring status, the change has to be notified to all the UEs within the cell by sending a PAGING TYPE-1 message. However, the paging has to be sent continually at least for the idle mode DRX cycle so that all UEs receive the change notification. Considering that some UEs might miss the paging message, it has to be sent for several DRX cycles, hence multiplying the overhead. As a result, the paging message has to be sent nearly all the time, and the UEs have to read the system information each time the change notification is received, consuming UE battery.

[image: image3.emf]Paging

10

9

8

7

6

5

4

3

2

1

AC

90% barring 70% barring

BCCH change

BCCH Rx

AC barring = 00100...

AC barring = 01000...

AC barring = 10000...

AC barring = 00111...

AC barring = 01110...

AC barring = 11100...


Fig.3  Traffic control using AC barring in UMTS.

It may be argued that such reduction of traffic can be achieved by simply using the persistence level control. If the persistence level P is set such that (1-P)Mmax equals the amount of traffic to be reduced, it can be expected that the traffic load in the long run is suppressed to the desired level. However, this is not a good way for some reasons:
· To set P such that (1-P)Mmax equals the desired reduction, the persistence level P has to have a sufficient granularity (needs more bits).

· If a low persistence level is set such that (1-P)Mmax equals the desired reduction, a UE that succeeds in establishing a connection will experience longer establishment delays, on average.

· The persistence level is supposed to react to dynamic changes in the RACH load, and it would be difficult to aim two different levels of control in one.
· Relying solely on the persistence level control is undesirable in terms of user experience, as the UE cannot display e.g., “network busy,” until it fails all the RACH retrials.

As such, a barring mechanism at L3 level is indispensable.

2.2  Enhanced AC barring – 1st alternative

In RAN2#58bis, it was agreed that a system information change notification shall be received within the DRX wake up times, for both IDLE and ACTIVE UEs. For the IDLE case, by limiting the timings that the PCH can be mapped e.g., to the 1st subframe every 10 ms, the signalling overhead for change notification can be reduced. This is yet unclear though, since RAN2 has not decided on the details of PCH. If a change of AC barring status is to be signalled also to ACTIVE UEs (which is in principle unnecessary as AC barring is not needed for ACTIVE mode operation), this will cause a significant amount of overhead as the DRX wake up times would be different for each UE and would typically be distributed over time. In any case if LTE follows the AC barring principle of UMTS, the UE will have to read BCCH each time a change is notified, consuming battery.
To solve this problem, a barring rate Pbarred can be broadcast, that applies equally to the ACs 0-9. (For ACs 10-15, a 1 bit barring status can be sent for each AC as in UMTS.) Each UE, according to its AC, can calculate the barring pattern from the barring rate. An example is shown in Fig.4. The barring pattern length Tpattern and the pattern starting SFN Tstart can also be broadcast in the cell. The barring pattern shall be determined uniquely for each AC and the barring rate. This can be done by specifying for example, a UE is barred at timings Tstart + n*Tpattern + (AC + 1)*Tpattern/10, where n is an integer. With this enhancement the AC barring information needs to be updated only when the barring rate (or the pattern length) needs to be changed. This will significantly reduce the amount of change notification signalling and BCCH reading at the UE.
In the case where the same barring status is continued for a long time, that is, longer than the SFN cycle, the setting of Tstart can be an issue. However, this occurs only once every SFN cycle, and resetting the pattern at every visit of Tstart can be tolerable.
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Fig.4  AC barring proposal – Alternative 1.

2.3  Enhanced AC barring – 2nd alternative
Another (perhaps simpler) alternative is to broadcast a barring rate P and a barring time T, that apply equally to ACs 0-9. A UE, when initiating an access at L3 level, draws a random number u1 (0-1 uniform) and compares with the current barring rate P. If u1 < P the UE proceeds to the RA procedure, but if not, the UE will be barred for a duration TBO. To distribute any retrials, the back off time TBO should incorporate some randomness. It can be, for example, set to (1 –  + 2 u2) T, where u2 is a random number (0-1 uniform) and  is a parameter. The value of  may be fixed in the standard. This procedure is shown in Fig.5.

[image: image5.emf]Start

u

1

< P?

Proceed to

RA procedure

Barred for T

BO

[s]

Set T

BO

Y

N


Fig.5  Flow diagram of AC barring proposal – Alternative 2.

Figure 6 depicts an example where the barring rate is first set to 90% and then changed to 70% later on. The barring information is updated only when the barring rate (or the barring time) needs to be changed, resulting in much less signalling overhead for change notification. The amount of BCCH reading at the UE is also significantly reduced compared to the UMTS scheme (Fig.3), and hence is more battery efficient.
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Fig.6  AC barring proposal – Alternative 2.

It is thought that both alternatives 1 and 2 can achieve the desired performance. Since it solves many problems encountered in the legacy AC barring scheme, either of the alternatives should be adopted in LTE. It is thought that there is no need to differentiate AC barring within ACs 0-9. As such, only one barring rate is necessary for ACs 0-9. For ACs 10-15, the same principle as in UMTS can still apply, as there is less (or no) need to “softly” reduce traffic for ACs 10-15, that is, the barring can be hard, either 0% or 100%.
In addition to the above principles, a re-reading timer can be introduced for SU-1, on which the AC barring status shall be transmitted. The re-reading timer will eliminate any paging (system information change notification) even when the barring rate is updated. Such timer can be optionally defined in SU-1.

The legacy AC barring scheme requires 10 bits to indicate the barring status per AC for ACs 0-9. With Alt.1, assuming a 4 bit (6.25% granularity) barring rate, a 3 bit pattern length, and a 12 bit start time (assuming the SFN has 12 bits), the total number of bits would be 19. With Alt.2, assuming a 4 bit barring rate and a 3 bit barring time, the total is merely 7 bits, which is even smaller than the current 10 bits.

3. Conclusions
An enhanced AC barring scheme has been proposed for LTE. It is proposed that either of the following two schemes are adopted in LTE:
Alternative 1:

· A barring rate (4 bits), pattern length (3 bits), and the pattern start time (12 bits) are broadcast in SU-1 for ACs 0-9. These parameters apply commonly to ACs 0-9.

· Each UE, depending on the AC, determines a barring pattern unique to the AC, and applies this pattern for AC barring.

· For ACs 10-15, the same principles of UMTS AC barring applies.

Alternative 2:

· A barring rate (4 bits) and a barring time (3 bits) are broadcast in SU-1 for ACs 0-9. These parameters apply commonly to ACs 0-9.

· Each UE, when initiating an access at L3, draws a random number. If the number drawn is less than the barring rate, it proceeds to the RA procedure. Otherwise, the UE is barred for a back off time.
· The back off time is randomly decided, depending on the barring time (e.g., the mean value) that is broadcast.

The proposed schemes are beneficial in that they require very infrequent update of the AC barring status, and significantly reduces the signalling overhead for system information change notification, as well as BCCH reading at the UE. If a re-reading timer for SU-1 is introduced in addition, change notifications can be eliminated even when the barring rate is changed. It is proposed that RAN2 discusses the above solutions, and adopts the one agreeable.
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