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1.  Introduction
In RAN2#60, RAN2 received an LS from SA2 [1] about the need to support PPAC (paging permission with access control) and DSAC (domain specific access control) equivalent in LTE/SAE. This paper proposes AC barring enhancements in LTE/SAE to support PPAC and DSAC equivalent, considering also what was proposed in [2], i.e., a scheme that can avoid frequent changes in system information.
2. Requirements of PPAC and DSAC equivalent in LTE/SAE
2.1  PPAC
PPAC (paging permission with access control) requires LTE/SAE to be able to differentiate access control for mobile originating and terminating calls. To block mobile originating calls, access class barring can be used. If a barring status is indicated in system information, initial access attempts are blocked. On the other hand, mobile terminating calls can be controlled through paging, i.e., if the network wants to reduce some traffic, certain amount of paging can be blocked. Any UE that is paged by the network should be able to respond and establish connection. However, the AC barring mechanism in UMTS Rel-7 does not allow call establishments for mobile terminating calls, if barring status is indicated in system information. As such, PPAC requires access control enhancements to allow mobile terminating call establishments while barring mobile originating calls.
Moreover, PPAC requires independent access control for TA updates. TA updates can occur in a burst when a train crosses a TA border. This will cause blocking (or a reduced success rate) of call establishments. To prevent such problems, PPAC requires that access can be controlled independently for TA updates.
2.2  DSAC equivalent

DSAC (domain specific access control) was introduced in UMTS Rel-6 to differentiate access control for CS and PS domain calls. The motivation behind was to be able to differentiate access control for speech calls and packet services (e.g., web browsing). Although LTE/SAE is solely PS domain, this motivation is indifferent. As such, there is a requirement from SA WGs that DSAC equivalent, i.e., service based access control, should be supported in LTE/SAE. While exactly how services are distinguished is up to SA WGs to define, RAN2 must provide means to be able to differentiate access control depending on the service being established.
3. Proposal
3.1  AC barring enhancements to support PPAC and DSAC equivalent

To support PPAC, the followings are proposed:
Proposal 1:
LTE should include 1 bit in system information to indicate whether the AC barring status applies to mobile originating calls only or to both mobile originating and terminating calls. This 1 bit indicator should apply commonly to all ACs 0-15.
Proposal 2:
LTE should indicate independent barring status for TA updates for ACs 0-9.
Furthermore, to support DSAC equivalent, the followings are proposed:
Proposal 3:
LTE should indicate independent barring status for each service class (e.g., VoIP, non-VoIP GBR, and non-GBR) defined by SA WGs for ACs 0-9.
These can be realised in three different alternatives in constructing the AC barring information elements (note that for ACs 10-15, the UTRAN principle is kept in any case, except that Proposal 1 is applicable):

Alternative 1:
Enhanced AC barring in tradition of UTRAN, i.e., indicate 1 bit barring status per AC and per access cause (i.e., VoIP, non-VoIP GBR, non-GBR, and TAU). This will result in 47 bit information: (4 causes) x (ACs 0-9) + (1 bit barring status per ACs 10-15) + (1 bit for PPAC proposal 1) = 4 x 10 + 6 + 1 = 47 bit.

Alternative 2:
(Based on Alt.1 in [2]) a common barring rate is indicated per access cause for ACs 0-9. Each UE determines the AC barring pattern depending on its AC and the barring rate. This will lead to 38 bit information: (4 causes) x (4 bit barring rate per cause) + (3 bit pattern length) + (12 bit pattern start SFN) + (1 bit barring status per ACs 10-15) + (1 bit for PPAC proposal 1) = 4 x 4 + 3 + 12 + 6 + 1 = 38 bit.
Alternative 3:
(Based on Alt.2 in [2]) a common barring rate is indicated per access cause for ACs 0-9. The UE draws a random number when initiating access at L3 level and compares with the current barring rate to determine whether it is barred or not. If the access is denied, the UE is barred for a random backoff time. This will lead to 26 bit information: (4 causes) x (4 bit barring rate per cause) + (3 bit backoff time) + (1 bit barring status per ACs 10-15) + (1 bit for PPAC proposal 1) = 4 x 4 + 3 + 6 + 1 = 26 bit.
Alternative 1 requires frequent change of system information, if the operator wants to suppress incoming traffic by a certain factor (e.g., 10 %), as described in detail in [2]. There is no limitation for adopting Alt.2 or 3, that is, they could provide the same level of control. Finally, from the overhead perspective, Alt.3 is preferable.
Proposal 4:
Alternative 3 should be adopted.
3.2  UE acquisition of AC barring information
In RAN2#59bis, NTT DoCoMo proposed to indicate a barring rate that applies commonly to ACs 0-9, instead of the conventional 1 bit barring status per AC, in order to avoid frequent updates of system information [2] (Alt.2 and 3 above are based on this proposal). A comment raised against this proposal was that if there is a SIB that has to be read just before the UE performs initial access in LTE, as in UTRAN SIB7, would including the barring status in such SIB be sufficient. Hence, two alternatives are on the table for UE acquisition of the AC barring information:
Alternative A:
The UE reads AC barring information upon cell reselection. Any change in AC barring information is notified to the UE by paging. The UE re-reads the AC barring information when a change notification is received. A drawback is that a change in AC barring information causes a lot of paging (it has to be sent for some time, typically for a duration multiple of the idle mode DRX interval, to reach all the UEs in the cell). Nevertheless, this drawback is mitigated if Alt.2 or 3 is adopted.
Alternative B:
The UE reads barring information just before the UE is about to make initial access. Although this does not require change notification signalling, a drawback is that it causes extra delays in call establishment, e.g., 40 ms on average if the SIB is transmitted every 80 ms.
It is yet unclear if there are any dynamic information that needs to be read just before initial access, e.g., power control parameters or persistence levels for RACH. If there are such information, it is expected that such SIB is not transmitted less frequent than 80 ms, as this will have considerable impact on the call setup delay. On the other hand, it can be assumed that such information is not included in BCH considering the limited capacity of BCH. Hence, it seems reasonable to assume that if such information exist, they will be transmitted at a 80 ms periodicity. This implies that the system information overhead is the same between the two alternatives (assuming with Alt.A the AC barring information is sent in SIB1). However, it can be noted that with Alt.A, the AC barring information can be moved to SIB2 (e.g., semi-static common channel configurations), in which case the overhead can be lower for Alt.A.
Proposal 5:
Alternative B should be adopted, if there are any dynamic information that needs to be read just before initial access (e.g., power control parameters or persistence levels for RACH), and if the overhead (SIB periodicity) is foreseen to be the same between Alt.A and B. If otherwise (e.g., AC barring information is moved to SIB2 which is transmitted less frequently), Alt.A should be adopted.
4. Conclusions
The following proposals were made to enhance AC barring in LTE/SAE:
Proposal 1:
LTE should include 1 bit in system information to indicate whether the AC barring status applies to mobile originating calls only or to both mobile originating and terminating calls. This 1 bit indicator should apply commonly to all ACs 0-15.

Proposal 2:
LTE should indicate independent barring status for TA updates for ACs 0-9.

Proposal 3:
LTE should indicate independent barring status for each service class (e.g., VoIP, non-VoIP GBR, and non-GBR) defined by SA WGs for ACs 0-9.
Proposal 4:
(Based on Alt.2 in [2]) a common barring rate is indicated per access cause (e.g., VoIP, non-VoIP GBR, non-GBR, and TAU) for ACs 0-9. The UE draws a random number when initiating access at L3 level and compares with the current barring rate to determine whether it is barred or not. In case the UE is barred, a random backoff is applied. (Alt.3)

Proposal 5:
The AC barring information should be included in a SIB which is read by the UE just before initial access (Alt.B), if there are any dynamic information that needs to be read just before initial access (e.g., power control parameters or persistence levels for RACH), and if the overhead (SIB periodicity) is foreseen to be the same if the AC barring information is included in a semi-static SIB, which is only read upon cell reselection or when a change notification is received (Alt.A). If otherwise (e.g., AC barring information is moved to SIB2 which is transmitted less frequently), Alt.A should be adopted.

Given the requirements from SA2 in [1], it can be documented in LTE Stage 2 that AC barring can be differentiated for each access cause (e.g., VoIP, non-VoIP GBR, non-GBR, and TAU) for ACs 0-9. It is also requested that any agreements are informed to SA1 and SA2. Moreover, it is suggested that RAN2 sends an LS to RAN1 to ask if RAN1 foresees any dynamic system information that needs to be read just before initial access (e.g., for RACH power control).
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