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ETWS Primary Notification delivery – support in dedicated and packet transfer mode
1 Introduction

The Earthquake and Tsunami Warning System (ETWS) is the system for transmitting emergency alerts to users via 3GPP RAN (GERAN, UTRAN and E-UTRAN) when an earthquake or tsunami event is detected. The Warning Notification must be successfully delivered to all mobile stations in the affected area (Notification Area) as fast as possible in order to save lives. As was presented in reference ‎[1], the delivery time for the primary notification must be in the order of seconds. To avoid that unauthorized messages are received causing chaos, inclusion of authentication information in the primary notification will most likely be needed.
At the GERAN#39 meeting a proposal to transmit an ETWS Primary Notification message to mobile stations in idle mode, using the CCCH (PCH), was presented, see reference ‎[2].

At the GERAN#39bis meeting a document was presented proposing some alternative solutions for transmission of ETWS Primary Notifications to mobile stations in dedicated, packet transfer and in Dual Transfer mode, reference ‎[3].
This paper gives a more detailed description of one of the alternatives for transmission of ETWS Primary Notifications in dedicated and packet transfer mode respectively.
2 ETWS Primary Notification delivery to MS in dedicated mode
2.1 Use of Application Information message
When BSS receives a request to transmit an ETWS Primary Notification from the CBS (or another server used for this purpose) the ETWS Primary Notification must be sent with minimum delay to all mobile stations in the affected area. For mobile stations in dedicated mode, it is here proposed to include the ETWS Primary Notification in the 44.018 APPLICATION INFORMATION message, sent on the main DCCH (FACCH).

To be able to include the ETWS Primary Notification message in the APPLICATION INFORMATION message, a new Application Protocol Data Unit (APDU) has to be defined and supported in the network and in the mobile station. The APDU ID information element identifies the particular protocol and associated application for an APDU. For ETWS the APDU ID information element is coded as shown in Table 3.
The actual ETWS Primary Notification message is included within the APDU Data IE of the APPLICATION INFORMATION message. Since authentication information will most likely be included in the ETWS Primary Notification message, it can be assumed that the size of the message will be approximately 50-55 octets. This would easily fit into the APPLICATION INFORMATION message as the maximum size of the message is 251 octets (as defined in 3GPP TS 44.006), i.e. there is no need for segmentation of the ETWS Primary Notification message.
On receiving the APPLICATION INFORMATION message in the mobile station, the receiving layer 3 entity shall deliver the message content to the identified local application where the message is decrypted and validated before the warning is displayed.
It can be assumed that a legacy mobile receiving an APPLICATION INFORMATION message containing an unknown APDU ID (ETWS) will discard the complete L3 message.
2.2 Conveying ETWS Primary Notification in Application Information message

The ETWS Primary Notification message is included in the existing 44.018 APPLICATION INFORMATION message (seen in Table 1 below). The APPLICATION INFORMATION message is sent on the main DCCH (FACCH) by the network and conveys the embedded ETWS Primary Notification message, included in Application Protocol Data Unit (APDU) Data information element, between the network and the mobile station.
The APDU ID information element identifies the protocol and the associated application. Therefore a new APDU ID has to be defined for the ETWS Primary Notification message, supported in the network and in the mobile station. This is further described in chapter ‎2.3.

The APDU Flags information element provides segmentation and control information for the associated APDU. As the ETWS Primary Notification message, including the authentication information, fits into a single APPLICATION INFORMATION message (maximum size 251 octets), segmentation will not be needed.
The control information included in APDU Flags information element is defined with respect to each application. For conveying of ETWS Primary Notification the C/R flag will be set to 0 (“Command or Final Response”) for the non-segmented APDU Data.
	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	RR management Protocol Discriminator
	Protocol discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	Application Information message type
	Message type
10.4
	M
	V
	1

	
	APDU ID
	APDU ID
10.5.2.48
	M
	V
	1/2

	
	APDU Flags
	APDU Flags
10.5.2.49
	M
	V
	1/2

	
	APDU Data 
	APDU Data 
10.5.2.50
	M
	LV
	2 to N


Table 1: TS 44.018 APPLICATION INFORMATION message content
2.3 APDU ID information element
The APDU ID information element identifies the particular protocol and associated application for an APDU as seen in Table 2. Until today only one APDU ID protocol/application is defined; the RRLP protocol and the associated LCS application (seen in Table 3).
It is here proposed to update the APDU ID IE in Table 3 with a new Protocol Identifier ETWS, value 0001, as valid for ETWS Primary Notification.
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	APDU ID IEI
	Protocol identifier
	octet 1


Table 2: APDU ID information element

	Protocol identifier (octet 1)

Bits

Protocol / Application

4 3 2 1

0 0 0 0

RRLP (3GPP TS 44.031)/ LCS

0 0 0 1

ETWS

0 0 1 0
to

reserved for future use
1 1 1 1




Table 3: APDU ID information element format
2.4 Priority handling of Application Information message

The datalink layer provides the capability to assign a priority to any message transferred downlink in dedicated mode on SAPI 0 with multiframe operation. The available message priorities defined in 3GPP TS 44.006 are "high", "normal" and "low". Messages assigned a "high" priority are enabled to preempt, in the data link layer, all preceding untransmitted and partially transmitted messages assigned a "low" priority that are using the same data link connection (same SAPI and logical channel).

APPLICATION INFORMATION is today defined as a “low” priority message (ref 44.018, table 3.1.6.1), i.e. the message sending can be preempted (and discarded) by a number of “high” priority assigned RR messages such as ASSIGNMENT COMMAND, HANDOVER COMMAND, CHANNEL RELEASE, PARTIAL RELEASE, ADDITIONAL ASSIGNMENT and CONFIGURATION CHANGE COMMAND. 





    In order to avoid preemption of an APPLICATION INFORMATION message carrying an ETWS Primary Notification message, the message has to be assigned at least a “normal” priority. However, to be able to pre-empt an ongoing APPLICATION INFORMATION carrying an LCS procedure, the APPLICATION INFORMATION message (carrying the ETWS Notification) needs to be assigned a “high” priority message.
Please note that an APPLICATION INFORMATION message not carrying an ETWS Primary Notification message (LCS application) will still be assigned as a “low” priority message.
2.5 Delivery time of ETWS Primary Notification message

As specified in 3GPP TS 22.168, Primary Notification shall be delivered within 4 seconds to all mobile stations in the Notification Area. The delivery time is calculated from the point when the Warning Notification is received by the PLMN operator to the time when the Warning Notification is successfully delivered to the mobile station.
According to earlier assumptions, the size of the ETWS Primary Notification message (including authentication information) will be approximately 50-55 octets. The size of the APPLICATION INFORMATION message will add another 5 octets. Assuming that each FACCH frame carries 20 octets of payload, the network would need to send three FACCH blocks to complete the APPLICATION INFORMATION message conveying the ETWS Primary Notification message. With a typical value for T200 of 140 ms (maximum waiting time for FACCH block acknowledgement), it should be feasible to deliver the Primary Notification, taking one retransmission per frame into account, within a second (e.g. assuming no FACCH block errors one FACCH block is sent and acknowledged every 140 ms which means three FACCH blocks will take 420 ms and with each FACCH block being re-transmitted once this solution will still ensure delivery of the ETWS primary notification message within 1 sec). Within 4 seconds there is sufficient time for multiple re-transmissions of any given FACCH block.
The scenario is even improved if repeated FACCH is supported.
3 ETWS Primary Notification delivery to MS in packet transfer mode
3.1 Use of Packet Paging Request message
As proposed in reference ‎[2] the ETWS Primary Notification message is included in the 44.018 PAGING REQUEST TYPE 1 message, giving all the mobile stations in idle mode the possibility to receive the ETWS notification.
To be able to reach mobile stations in packet transfer mode, it is here proposed to send out a modified 44.060 PACKET PAGING REQUEST for RR connection establishment, forcing the ETWS capable mobile station to temporary listen to the paging subchannel on CCCH. The mobile station can now read and act on the ETWS Primary Notification message included in 44.018 PAGING REQUEST TYPE 1 message.
3.2 Modification of Packet Paging Request message

The modified 44.060 PACKET PAGING REQUEST message for RR connection establishment is sent on all control channels associated with a packet transfer, PACCH, to mobile stations in packet transfer mode within the Notification Area. The message is sent in purpose to inform mobile stations of an ongoing warning notification transmitted on the CCCH (PCH).
The modified PACKET PAGING REQUEST message contains two changes:

- Page Mode IE is set to “same as before”. This is the trigger that will force the ETWS capable mobile station to immediately leave the ongoing packet data session and to start listen to the paging subchannel on CCCH.

- Mobile Identity IE is set to “no identity”, i.e. only one message need to be built in order to reach all mobiles in the affected cells. Another advantage of this is that all mobiles having a TBF on the same PDCH will be reached with the same PACKET PAGING REQUEST message. TMSI IE is left empty.
For robustness reason, transmission of this modified PACKET PAGING REQUEST is repeated for a configurable number of times. This will reduce the number of mobile stations not being able to read the PACKET PAGING REQUEST message first time being sent.
When the ETWS capable mobile station operating in packet transfer more receives the modified PACKET PAGING REQUEST message, the mobile station shall with minimum delay leave the ongoing packet transfer session and start listening to the paging channel (PCH) where the 44.018 PAGING REQUEST TYPE 1 message is continuously transmitted conveying the ETWS Primary Notification message.
It means that once the mobile station is in the process of acquiring the ETWS Primary Notification message it shall (1) stop sending and receiving new payload on ongoing TBFs and (2) not attempt to establish new TBFs. After the mobile station has successfully received the ETWS Primary Notification message the mobile station may return to the interrupted packet data session(s) if legacy requirements for resuming TBFs are fulfilled.
3.3 Delivery time of ETWS Primary Notification message

Delivery time for the ETWS Primary Notification message to a mobile station in packet transfer mode can be divided into 3 parts.
· Distribution time of the 44.060 PACKET PAGING REQUEST on PACCH. Since the message is transmitted on the fist available downlink radio block the time duration can be estimated to less than 50 ms (assuming a 20 ms radio block with a 20 ms delay on the TDM based Abis plus 10 ms average delay in the PCU).
· ~50 ms reaction time for the mobile station from the point when PACKET PAGING REQUEST message is received on PACCH until the mobile station has tuned and synchronized to the paging subchannel on CCCH.
· The time it takes for the mobile station to read the ETWS Primary Notification included in the 44.018 PAGING REQUEST TYPE 1 message and alert the mobile user. During normal conditions (mobile station in idle mode) the mobile will only monitor the paging channel when the paging group to which it belongs to is transmitted. Now since the mobile station is in active mode, the mobile can read the paging message instantly without waiting for the paging group it belongs to (as described in reference ‎[2], the PAGING REQUEST TYPE 1 message is sent in all paging groups on CCCH during the ETWS warning period). Estimated time for the mobile station to read 4 paging request messages and act on the conveyed ETWS Primary Notification is less than 200 ms, assuming ~125 ms for transmitting of 4 paging request messages (PAGING REQUEST TYPE 1 segmented into 4 messages).
The calculation above results in a total distribution time of approximately 300 ms. With an overall ETWS primary notification delivery requirement of 4 seconds there is sufficient time for multiple re-transmissions of the Paging message on PACCH as well as enough margins for the mobile station to read and alert the mobile user of the ETWS Warning message.
In addition, time is of course required to build the ETWS Primary Notification message in the CBS and to transmit the message to BSS, which also need to build and direct the PACKET PAGING REQUEST message to concerned cells and mobile stations.
It is fair to assume that transmission of 44.018 PAGING REQUEST TYPE 1 on CCCH and transmission of 44.060 PACKET PAGING REQUEST on each individual PACCH is triggered from BSS at the same point of time. It means that the PAGING REQUEST TYPE 1 conveying the ETWS Primary Notification is already in the process of being transmitted on CCCH when the mobile station moves over from PACCH.
4 Discussion and conclusions
A key issue when introducing support for ETWS is the actual delivery time for the ETWS Primary Notification. It must be performed as fast as possible in order to reach the individuals in time before the disaster takes place.
It is here proposed to:

· Include support for transfer of ETWS Primary Notification in the 44.018 APPLICATION INFORMATION message in purpose to reach all mobile stations in dedicated mode in the Notification Area. The delivery time for the ETWS Primary Notification message with this method is estimated to less than one second.
· With use of 44.060 PACKET PAGING REQUEST, force the mobile station in packet transfer mode to immediately move to the paging subchannel on CCCH where the ETWS Primary Notification is received from the 44.018 PAGING REQUEST TYPE 1 message. Time estimation shows that the ETWS Warning message can be delivered to the mobile station in less than half a second.
It should be noted that during an ongoing ETWS Primary Notification, transmission of the warning information would be prioritised compared to normal calls/pages. However, it should still be possible to initiate some calls during the warning period, such as prioritised calls to/from e.g. security forces.
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