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1
Introduction
The ETWS primary notification has been discussed for UTRA [e.g., R2-083451 (RAN2-62bis)]. The current assumption is to use the PAGING TYPE 1 message for the primary notification (reaching UEs in idle mode and in connected mode, CELL/URA_PCH state; UEs in CELL_FACH and CELL_DCH state are FFS). Using the paging channel is considered the main option in order to satisfy the requirement to reach the UEs within 4 seconds.
The purpose of this paper is to take a closer look at some of the RRC protocol aspects of the current assumption. There are at least a few aspects that need to be considered:
–
In order to have a sufficient probability to reach all UEs in idle mode and in the CELL/URA_PCH states, paging messages have to be sent in the paging occasions for all the UEs, independent of the DRX scheme. In typical cell configurations, the PCH and FACH transport channels share the same S-CCPCH, which means that continuous paging (via PCH) risk to cause starvation of the FACH transport channel;
–
Security information for integrity protection shall be sent to all UEs, in order to verify the primary notification. It is essential that this is done as soon as possible, ideally within the 4 seconds delay allowed for the primary notification (PAGING TYPE 1). Otherwise, either the warning to the end user would be delayed, or the warning has to be issued prior to the verification of the IP information has been perform, with a risk of false (fraudulent) alarm as a result;

–
UEs in CELL_FACH state and in CELL_DCH state should also be reached by the primary notification. Those UEs do not receive the PAGING TYPE 1 messages on PCCH. (The UEs in CELL_FACH state could possibly do it, if that is a requirement, but hardly the UEs in CELL_DCH state.)

–
The Rel-7 and Rel-8 UEs, which might be assigned an HS-DSCH in CELL_FACH state (i.e., be configured for enhanced CELL_FACH), should be considered. Likely, two separate solutions are needed for the UEs assigned to a legacy FACH and the UEs assigned to an HS-DSCH in CELL_FACH state. However, the same main principle should be possible to apply.
2
Discussion and proposals
2.1
Reaching all UEs camping on PCCH

In order to reach all the UEs in idle mode and in URA/CELL_FACH state on PCCH, it is evident that a PAGING TYPE 1 (at least one) has to be sent in the paging occasion given by any possible UE DRX pattern.

The UE monitors PICH once in every DRX cycle. The offset within the DRX cycle is based on the IMSI. Hence, in order to satisfy the requirements, at least one PAGING TYPE 1 message has to be sent for each TTI within the maximum DRX cycle used in the network. This has to be performed within the required maximum delay of 4 seconds.
The length of the DRX cycles are controlled by the RAN and typical values in existing networks are 1.28 and 2.56 seconds.
It is unclear (at least for the author of this paper) if an ETWS alarm is allowed to restrict the normal operations in the RAN. However, it seems reasonable to assume that normal operations shall not be restricted. Both the rescue personnel and the public are likely to require services from the network during an emergency. Consequently, those services must not be blocked. For that reason, it is not possible to send a paging message in every TTI on PCCH, because PCCH typically share the same S-CCPCH as FACH used for signalling in CELL_FACH state. If every TTI is used for PCCH, it would case starvation on FACH, which would (at least temporarily) block other services in the network.
If the DRX cycles are not too long, it would however be possible to use, for instance, every third TTI of the shared S-CCPCH for PCCH. That would consume 1/3 of the capacity. The available capacity for FACH would thus be reduced, but not completely blocked. If the S-CCPCH is dimensioned with some margin, other services would thus not be restricted to any significant extent. If the maximum DRX cycle is 1.28 seconds, it would still allow at least one PAGING TYPE 1 message to be sent to all UEs in idle mode and URA/CELL_FACH state within the stipulated maximum delay of 4 seconds.

Obviously, more sophisticated schemes could be invented for the scheduling of these messages, but the proposal here is to leave that as a network implementation issue. There is an apparent trade off between the scheduling of paging messages on PCCH for the primary notification and the scheduling of other signalling messages on FACH. The requirement to schedule primary notification messages such that they can be received within the stipulated maximum delay by all UEs. It is difficult and unnecessary to specify in the standard exactly how that should be done. It is sufficient to show that it can be done. If the maximum DRX cycle is not greater than 1.28 seconds, there is a reasonable trade of between PCCH and FACH.
Proposal 1:
Take note of the fact that it is possible to reach all UEs in idle mode and in URA/CELL_PCH state with the PAGING TYPE 1 message used for the primary notification within the required maximum delay of 4 seconds, if approximately 1/3 of the S-CCPCH capacity is used for this purpose, and provided that the maximum DRX cycle for paging is not greater than 1.28 seconds.

2.2
Sending the security information
The proposal 1 does not provide the means for sending the security information associated with the primary notification to the UEs. At present, it is not known exactly how much information this is, but the indication from SA3 is that RAN2 should expect about 50 octets. It is not possible to send that much information in one S-CCPCH transport block, using typical cell configurations, and there is no segmentation on PCCH.
However, it is possible to have segmentation on CCCH, which allows longer messages to be sent. The proposal here is thus to use the PAGING TYPE 1 message on PCCH to trigger a behaviour of the UE, where it starts receiving messages on CCCH during a predefined period of time. A new RRC message to be sent on CCCH should be defined. The name of the message is FFS. In this document it is denoted as the ETWS CONFIRM message, but the proponents are open for other suggestions.

The behaviour foreseen by the UEs in idle mode and in URA/CELL_PCH is that, when a PAGING TYPE 1 message is received including the ETWS primary notification, it temporarily suspends the DRX operation and start to receive messages on CCCH until either the ETWS CONFIRM message is received, or the predefined period of time where the UE receives CCCH ends. If the period ends before an ETWS CONFIRM message is received, the UE should regard this as a false alarm and ignore it. However, if another PAGING TYPE 1 message including the ETWS primary notification is received, the UE shall restart the procedure.
The network should schedule the ETWS CONFIRM message on CCCH as frequent as required in order to ensure that the UEs may receive it during the period of time where they receive the CCCH messages. The message is sent using RLC-UM. A UE timer with a value in the order of a few seconds should be used to determine the length of this period. It is proposed to use a predefined value; not configurable. If a value of two seconds is used, the ETWS CONFIRM message has to be scheduled at least once every two seconds on CCCH; probably a bit more frequent, taking the need for measurement gaps into account. (The must be able to perform cell reselection also during this period.)
The ETWS CONFIRM message shall contain the security information used for integrity protection of the ETWS primary notification. In fact, it is proposed that the ETWS CONFIRM message is self contained and includes all the information required for the primary notification. In this way, the PAGING TYPE 1 message merely serves as the trigger for the primary notification. It needs to be decided whether this trigger is just a binary indication in the PAGING TYPE 1 message, or if it includes a value indicating the cause of the ETWS alarm. If there are a large variety of alarms based on the ETWS notification, a cause value in the PAGING TYPE 1 message could be useful.
There are at least two reasons to propose a self contained ETWS CONFIRM message:

–
The integrity of the ETWS primary notification can be verified on the basis of a single RRC PDU. If contents from the PAGING TYPE 1 message were taken into account in the verification, the procedure becomes more complex and prone to errors;

–
If the message is self contained, it can easily be reused for the primary notification of UEs in CELL_FACH and CELL_DCH state. Those UEs do not receive the PAGING TYPE 1 message and must not depend on it for the integrity of the ETWS primary notification.
So summarise:
Proposal 2:
The PAGING TYPE 1 message shall include a trigger for the ETWS primary notification. The trigger may include a value indicating the cause of the ETWS primary notification. If the trigger is received by a UE in idle mode or URA/CELL_PCH state, and the cause value is one the UE is configured to respond to, the UE shall temporarily suspend the DRX operation and receive messages on CCCH during a predefined period of time. – A time period of 2 seconds is proposed.
Proposal 3:
A new RRC message (tentatively: ETWS CONFIRM message) is defined to convey the security information for integrity protection of the ETWS primary notification. The message is self contained and includes all the information required for the primary notification, i.e., the cause of the primary notification and the required security information. The message is sent on CCCH during the period when the UEs in idle mode or URA/CELL_PCH state receive messages on CCCH.

Proposal 4:
The precise scheduling of the PAGING TYPE 1 message on PCCH and the ETWS CONFIRM message on CCCH depends on the network implementation. It is the responsibility of the network to schedule those messages such that the maximum delay requirement of the primary notification is satisfied.
2.3
Primary notification of UEs in CELL_FACH and CELL_DCH states
A benefit of making the ETWS CONFIRM message self contained is that it can be used for the primary notification of UEs in CELL_FACH and CELL_DCH states.

There is no requirement for a UE in CELL_FACH state to receive and analyse messages received via PCCH, therefore, those UEs do not trigger on the PAGING TYPE 1 message. However, it should not be a problem for those UEs to receive messages on CCCH. The proposal is that the UEs in CELL_FACH state shall consider the ETWS CONFIRM message received on CCCH as the ETWS primary notification.
It is assumed that the ETWS CONFIRM message is repeated several times on CCCH during primary notification. The network should ensure that the message can be received by all UEs in CELL_FACH state (with FACH assigned as the transport channel for CCCH), taking the need for measurement gaps, etc., into account.
Regarding the UEs in CELL_DCH state, they do neither receive messages on PCCH nor CCCH. The proposal is to send the ETWS CONFIRM message on DCCH to these UEs. It implies that separate messages need to be sent to each one of these UEs. However, there are a finite number of these UEs within a certain area; sending a message to each one of them is possible.

One obstacle with this method is that the Rel-7 and later UEs in CELL_FACH state may be assigned HS-DSCH as the transport channel for CCCH, which implies that they will not receive messages on CCCH scheduled via FACH. It is anticipated that these UEs can be reached with a similar method. In this paper, it is however left FFS.

Another potential issue is UEs changing state during the primary notification. It may cause the UE to loose messages transmitted from the network on PCCH and CCCH. Cell reselection or temporary lack of coverage and may cause similar problems. The expectation is that the network continues to send the primary notification for some time during an emergency and that this is sufficient in order to capture the UEs that might loose messages on PCCH and/or CCCH due to state transitions, cell reselection or lack of coverage. The delay may increase for these UEs, but not necessarily very much.
Proposal 5:
The UEs in CELL_FACH state (and assigned FACH as the transport channel for CCCH) shall receive the ETWS CONFIRM message when it is sent on CCCH and use that as the ETWS primary notification.
Proposal 6:
The UEs in CELL_DCH state shall receive the ETWS CONFIRM message when it is sent on DCCH and use that as the ETWS primary notification.

Further study is required regarding the Rel-7 and later UEs in CELL_FACH that are assigned HS-DSCH as the transport channel for CCCH (enhanced CELL-FACH).
3
Conclusion

The following proposals are made in this contribution:
Proposal 1:
Take note of the fact that it is possible to reach all UEs in idle mode and in URA/CELL_PCH state with the PAGING TYPE 1 message used for the primary notification within the required maximum delay of 4 seconds, if approximately 1/3 of the S-CCPCH capacity is used for this purpose, and provided that the maximum DRX cycle for paging is not greater than 1.28 seconds.

Proposal 2:
The PAGING TYPE 1 message shall include a trigger for the ETWS primary notification. The trigger may include a value indicating the cause of the ETWS primary notification. If the trigger is received by a UE in idle mode or URA/CELL_PCH state, and the cause value is one the UE is configured to respond to, the UE shall temporarily suspend the DRX operation and receive messages on CCCH during a predefined period of time. – A time period of 2 seconds is proposed.

Proposal 3:
A new RRC message (tentatively: ETWS CONFIRM message) is defined to convey the security information for integrity protection of the ETWS primary notification. The message is self contained and includes all the information required for the primary notification, i.e., the cause of the primary notification and the required security information. The message is sent on CCCH during the period when the UEs in idle mode or URA/CELL_PCH state receive messages on CCCH.

Proposal 4:
The precise scheduling of the PAGING TYPE 1 message on PCCH and the ETWS CONFIRM message on CCCH depends on the network implementation. It is the responsibility of the network to schedule those messages such that the maximum delay requirement of the primary notification is satisfied.

Proposal 5:
The UEs in CELL_FACH state (and assigned FACH as the transport channel for CCCH) shall receive the ETWS CONFIRM message when it is sent on CCCH and use that as the ETWS primary notification.

Proposal 6:
The UEs in CELL_DCH state shall receive the ETWS CONFIRM message when it is sent on DCCH and use that as the ETWS primary notification.

Further study is required regarding the Rel-7 and later UEs in CELL_FACH that are assigned HS-DSCH as the transport channel for CCCH (enhanced CELL_FACH).

