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ETWS Primary Notification using CCCH
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 then be successfully delivered to the mobile stations in the affected 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.
In order to avoid that unauthorized messages are received causing chaos, inclusion of authentication information in the primary notification will most likely be needed. An alternative that was indicated in the LS from SA3, in reference ‎[2], is to have authentication information in the form of a digital signature (e.g. 41 bytes “if using DSA signatures similar to the one described in DNSSEC RFC2536”).
Three different proposals to transmit an ETWS Primary Notification message to mobile stations in idle mode using the CCCH (PCH) in order to minimise the delivery time were presented in reference ‎[3]. This paper gives a more detailed description of one of the alternatives, where the ETWS Primary Notification message is included into Paging Request Type 1 messages. The delivery time for the ETWS Primary Notification, within GERAN, is also calculated.
2 ETWS Primary Notification within Paging Request messages
2.1 General procedure
When the BSS receives a request to transmit an ETWS primary notification from the CBS (or another server used for this purpose) it shall in the affected cells continuously include the actual ETWS primary notification information within Paging Request Type 1 messages, which are sent on the CCCH (PCH). By introducing a new type of Mobile Identity which is used in the paging request messages when there is an ongoing ETWS primary notification the mobile stations in all the paging groups will be notified (compare to what was done for the MBMS Notification case) and enter non-DRX mode. The actual ETWS Primary Notification message is included within the P1 Rest Octets of the Paging Request Type 1 messages. It will typically be segmented into several paging messages (in order to fit the entire ETWS primary notification message including authentication information).
In order to allow that a mobile station receives the segments in any order it is proposed that the size of a specific segment shall not be altered within the context of a specific ETWS warning event. This can be achieved e.g. by only including a segment of the ETWS Primary Notification message in the Paging Request Type 1 message if there is no other paging in the message. If another “normal page” then needs to be performed using any given paging group of the PCH, one of the Mobile Identities in the corresponding paging request message can still be set to the new type of Mobile Identity indicating that there is an ongoing ETWS primary notification (but a segment of the ETWS Primary Notification message will not be included in this case). The mobile stations reading a paging request containing the new type of Mobile Identity within the context of a specific paging group would then enter non-DRX mode and receive all the remaining segments of the ETWS primary notification from the following paging groups.
In case a downlink AGCH message (e.g. Immediate Assignment) needs to be sent at the occasion of a paging group, the Page Mode IE is set to “Extended paging”, which makes the mobile stations listen to an additional paging group where a paging request message is sent.
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.
2.2 Inclusion of ETWS Primary Notification in Paging Request message

The ETWS Primary Notification message is included within multiple instances of the existing 44.018 Paging Request Type 1 message (seen in Table 1 below). Paging Request Type 1 messages including (part of) the ETWS Primary Notification message are then sent on the CCCH, in each paging group, during the ETWS warning period. Note that the ETWS Primary Notification message is segmented into more than one Paging Request Type 1 message.
	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
10.5.2.19
	M
	V
	 1

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

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	Paging Request Type 1 Message Type
	Message Type
10.4
	M
	V
	1

	
	Page Mode
	Page Mode
10.5.2.26
	M
	V
	½

	
	Channels Needed for Mobiles 1 and 2
	Channel Needed
10.5.2.8
	M
	V
	½

	
	Mobile Identity 1
	Mobile Identity
10.5.1.4
	M
	LV
	2-9

	17
	Mobile Identity 2
	Mobile Identity
10.5.1.4
	O
	TLV
	 3-10

	
	P1 Rest Octets
	P1 Rest Octets
10.5.2.23
	M
	V
	0-17


Table 1 TS 44.018 PAGING REQUEST TYPE 1 message content
When an ETWS Primary Notification is to be sent out, the Mobile Identity 1 is set to indicate that ETWS Primary Notification is in progress, according to the new coding described in Table 4 below. When the Mobile Identity 2 is not included, (i.e. there is no other paging information indicated within the Paging Request message if Mobile Identity 1 indicates ETWS), then part of the actual ETWS Primary Notification message is included in the P1 Rest Octets. The inclusion of the ETWS Primary Notification message in the P1 Rest Octets is described in Table 2 below.
In case a normal page would need to be sent during the warning period then Mobile Identity 1 is used for this purpose and Mobile Identity 2 is set to the new Mobile Identity indicating that there is an ongoing ETWS Primary Notification.
Since there is less space left in the Paging Request message in case it contains a regular page as well, it would only be possible to include a small segment of the ETWS Primary Notification in that case. That segment would then need to be small during the whole ETWS warning period in order to allow that the mobile station receive the segments in any order. As described earlier, it is therefore proposed that no segment is included in the few cases where a regular page needs to be included.
	{
< P1 Rest Octets > ::=


{L I H < NLN(PCH) : bit (2) > < NLN status(PCH) : bit >}


{L I H < Priority1 ::= Priority >}


{L I H < Priority2 ::= Priority >}


{L | H < Group Call information >}


< Packet Page Indication 1 : {L | H} >


< Packet Page Indication 2 : {L | H} >


{ null | L 


-- Receiver compatible with earlier release


   | H
 

-- Additions in Release 6 :



{ 0 | 1




{ 00
< CELL_GLOBAL_COUNT:bit(2) >



| 01
< CELL_GLOBAL_COUNT:bit(2) >





< VSTK_RAND : bit (36) >




| 10
< Reduced_GCR : bit (28) >





< VSTK_RAND : bit (36) >




| 11
< CELL_GLOBAL_COUNT:bit(2) >





< Reduced_GCR : bit (28) >





< VSTK_RAND : bit (36) >




}



}



{ 0 | 1

-- MBMS parameters included 




{ 0

-- MBMS pre-notification



   I 1

-- MBMS notification





<MBMS Notification 1 : < MBMS Channel Parameters IE > >}




{ 0

-- MBMS pre-notification




   I 1

-- MBMS notification





<MBMS Notification 2 : { 0 | 1
< MBMS Channel Parameters IE > } > }






-- ‘0’indicates that the same MBMS Channel Parameters as for MBMS Notification 1 apply




{ 0 | 1 <MBMS Information> }



}


}


{  null 
| L 

-- Receiver compatible with earlier release



| H

 -- Additions in Release 7 :





{ 0 | 1 <AMR Config:bit(4)> }


}

{  null 
| L 

-- Receiver compatible with earlier release



| H

 -- Additions in Release 8 :




{ 0 | 1 <ETWS Primary Notification :  < ETWS Primary Notification IE > >}


}

< spare padding >;

} //
-- truncation according to sub-clause 8.9 is allowed, bits "L" assumed



	< Priority > ::= < bit (3) >;



	< Group Call information >

See sub-clause 9.1.21a



	<MBMS Information> ::=



-- Pre-notifications


< MBMS Sessions List : < MBMS Sessions List IE > >





-- Notifications: listed per MBMS Channel Parameters





-- 1) Notifications with same MBMS Channel Parameters as in Notification 1 or Notification 2


{0 


-- None


| 1
{ 0 | 1 } 

-- 0: same MBMS Channel Parameters as Notification 1. 






-- 1: same MBMS Channel Parameters as Notification 2




< MBMS Sessions List : < MBMS Sessions List IE > > 


}





-- 2) Notifications with specific MBMS Channels Parameters


{ 1
< MBMS Channel Parameters : < MBMS Channel Parameters IE > > 



< MBMS Sessions List : < MBMS Sessions List IE > > 


} ** 0 ;



	< ETWS Primary Notification > ::=



{0 

-- First segment of ETWS Primary Notification, number of segments included



< Total No Of Segments for ETWS Primary Notification : bit (4) >

| 1

-- Not first segment, segment number included


< Segment number : bit (4) >

}

< Length of segment : bit (7) >

-- length of segment in bits

< ETWS Primary Notification data : bit (val(Length of segment)) >;



Table 2 TS 44.018 P1 Rest Octets including ETWS Primary Notification

Table 3 and Table 4 contain the existing 24.008 Mobile Identity information element. It is here proposed, in Table 4, to update the Type of identity field with a new code point indicating ETWS Primary Notification and when this new code point is used the Mobile Identity IE shall be 3 exactly octets long where the “Identity digit 1” field and the Odd/even indication field of octet 3 shall be treated as ‘spare’.
An alternative to this proposal is to make the new Type of identity more generic (i.e. to cover different types of warnings). In that case the rest of octet 3, which wouldn’t be used anyway in this case, could be used to identify e.g. the type of warning. A new Mobile Identity information element, as in Table 3, would then need to be introduced and used when the Type of identity is set to the new “warning code point”. The same was done when introducing the Type of identity “TMGI and optional MBMS Session Identity”.
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	Mobile Identity IEI
	octet 1

	Length of mobile identity contents
	octet 2

	Identity digit 1


	odd/

even

indic
	Type of identity


	octet 3

	Identity digit p+1
	Identity digit p
	octet 4*


Table 3 TS 24.008 Mobile Identity information element
	Type of identity (octet 3)

Bits

	3
	2
	1
	

	0
	0
	1
	IMSI

	0
	1
	0
	IMEI

	0
	1
	1
	IMEISV

	1
	0
	0
	TMSI/P-TMSI

	1
	0
	1
	TMGI and optional MBMS Session Identity

	1
	1
	0
	ETWS Primary Notification

	0
	0
	0
	No Identity (note 1)

	All other values are reserved.

	

	Odd/even indication (octet 3)
For Type of identity “ETWS Primary Notification” this field shall be treated as ‘spare’. For all other values of Type of identity this field shall be coded as follows:
Bit

	4
	
	
	

	0
	
	
	even number of identity digits and also when the TMSI/P-TMSI or TMGI and optional MBMS Session Identity is used

	1
	
	
	odd number of identity digits

	

	Identity digits (octet 3 etc)

For the IMSI, IMEI and IMEISV this field is coded using BCD coding. If the number of identity digits is even then bits 5 to 8 of the last octet shall be filled with an end mark coded as "1111".

For Type of identity "No Identity", the Identity digit bits shall be encoded with all 0s and the Length of mobile identity contents parameter shall be set to  one of the following values:

-
“1” if the identification procedure is used (see subclause 9.2.11);

-
“3” if the GMM identification procedure is used (see subclause 9.4.13)

If the mobile identity is the TMSI/P-TMSI then bits 5 to 8 of octet 3 are coded as "1111" and bit 8 of octet4 is the most significant bit and bit 1 of the last octet the least significant bit. The coding of the TMSI/P-TMSI is left open for each administration.
For Type of identity “ETWS Primary Notification” the Mobile Identity information element shall be 3 octets long and the Identity digit 1 and Odd/even indication fields of octet 3 shall be treated as ‘spare’.
For type of identity "TMGI and optional MBMS Session Identity" the coding of octet 3 etc is as follows:


	

	MCC/MNC indication (octet 3)

Bit

	5
	
	
	

	0
	
	
	MCC/MNC is not present

	1
	
	
	MCC/MNC is  present

	

	MBMS Session Identity indication (octet 3)

Bit

	6
	
	
	

	0
	
	
	MBMS Session Identity is not present

	1
	
	
	MBMS Session Identity is present

	MBMS Service ID (octet 4, 5 and 6)

The contents of the MBMS Service ID field are coded as octets 3 to 5 of the Temporary Mobile Group Identity IE. Bit 8 of octet 3 is the most significant bit and bit 1 of octet 5 the least significant bit. The coding of the MBMS Service ID is the responsibility of each administration. Coding using full hexadecimal representation may be used. The MBMS Service ID consists of 3 octets.

	

	MCC, Mobile country code (octet 6a, octet 6b bits 1 to 4)

The MCC field is coded as in ITU-T Rec. E.212, Annex A.

	

	MNC, Mobile network code (octet 6b bits 5 to 8, octet 6c)

The coding of this field is the responsibility of each administration but BCD coding shall be used. The MNC shall consist of 2 or 3 digits. If a network operator decides to use only two digits in the MNC, bits 5 to 8 of octet 7 shall be coded as "1111".

The contents of the MCC and MNC digits are coded as octets 6 to 8 of the Temporary Mobile Group Identity IE in Figure 10.5.154/3GPP TS 24.008.

	

	MBMS Session Identity (octet 7)

The MBMS Session Identity field is encoded as the value part of the MBMS Session Identity IE as specified in 3GPP TS 48.018 [86].

	

	NOTE 1:
This can be used in the case when a fill paging message without any valid identity has to be sent on the paging subchannel and when the requested identity is not available at the mobile station during the identity request procedure.


Table 4 TS 24.008: Mobile Identity information element including new Type of identity “ETWS Primary Notification”
2.3 Delivery time
With the proposed coding in section ‎2.2, slightly more than 14 octets can be used for the actual ETWS Primary Notification message per paging request message. Since authentication information will most likely be included in the ETWS Primary Notification message, it can be assumed that its size will be approximately 50-55 octets. It would then need to be segmented into 4 paging request messages.
The delivery time for the ETWS Primary Notification message to the mobile stations in idle mode will then depend on the CCCH configuration, such as the setting of the BS_PA_MFRMS parameter. Table 5 below shows the delivery time (T) for different settings of the BS_PA_MFRMS parameter. The delivery time (T) is here counted from the point in time where the transmission starts on the CCCH (PCH) until all mobile stations in idle mode have been able to receive the full ETWS Primary Notification message. In order to include all mobile stations, it is calculated for the worst case, i.e. for the mobile that has to wait the longest for its paging group. The delivery time is thus T = ‘the paging cycle duration’ + ‘the time needed to transmit 4 paging request messages (~125 ms)’.
In addition, time is of course required to build the ETWS Primary Notification message in the CBS and to transmit it to the BSS, which needs to direct the message to the correct cells.

	
	Paging cycle duration
	Delivery time (T)

	BS_PA_MFRMS = 2
	471 ms
	596 ms

	BS_PA_MFRMS = 3
	706 ms
	831 ms

	BS_PA_MFRMS = 4
	941 ms
	1066 ms

	BS_PA_MFRMS = 5
	1177 ms
	1302 ms

	BS_PA_MFRMS = 6
	1412 ms
	1537 ms

	BS_PA_MFRMS = 7
	1648 ms
	1773 ms

	BS_PA_MFRMS = 8
	1883 ms
	2008 ms

	BS_PA_MFRMS = 9
	2118 ms
	2243 ms


Table 5 Delivery time (T) with different BS_PA_MFRMS values. The ETWS Primary Notification is segmented into 4 Paging Request Type 1 messages. BS_AG_BLKS_RES = 0.
The calculations above are including one instance of the ETWS Primary Notification message (4 paging request messages) and are for the non-combined case (BS_CCCH_SDCCH_COMB = False) and for BS_AG_BLKS_RES = 0. In order to increase the probability that a mobile station receives the ETWS Primary Notification two sequential instances of ETWS Primary Notification should however be included in the calculations. The delivery times in the table above should then be increased with ~125 ms.
The total delivery time for the ETWS Primary Notification message, including at least two reception possibilities for each mobile station, would thus be approximately

· (1537 + 125) ms = 1662 ms when BS_PA_MFRMS = 6

· (831+ 125) ms = 956 ms when BS_PA_MFRMS = 3

This is counted from the point in time where BSS has received the ETWS Primary Notification message and starts the transmission.
It shall however be noted that the calculated delivery times are for the mobile stations that have to wait the longest for their paging group to appear. For most mobile stations the delivery time would thus be a lot shorter.

In case normal paging messages or downlink AGCH messages need to be sent on the CCCH in the affected cell during the ETWS warning period there could be a small increase in delivery time, in the area of ~40 ms. During a warning period such normal paging messages and downlink AGCH messages should however be kept to a minimum anyway and only be done for priority calls (e.g. emergency calls or calls to security forces).
3 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 that transmission of ETWS Primary Notifications to mobile stations in idle mode within GERAN shall be performed on the CCCH (PCH) by including the ETWS Primary Notification in the rest octets within Paging Request Type 1 messages.

It has been shown that with this solution the worst case delivery time for the ETWS Primary Notification message from BSS to all mobile stations in idle mode would be approximately 1.7 s with BS_PA_MFRMS = 6 and 1.0 s with BS_PA_MFRMS = 3, including at least 2 reception possibilities for all mobile stations.
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