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Introduction

In last RAN2 meeting, the ETWS issue was discussed and a delayed security solution was proposed, in this paper we would like to continue to discuss the ETWS, and some comparison is proposed also. 
Discussion

Primary notification is an urgent and important message, A bogus primary notification should be always avoided to send, so high security is a basic requirement for primary notification, according to the LS [1] from SA3, a digital signature based security solution was accepted by SA3, and the size of primary notification is of the order of 50 bytes, including digital signature. Instead of trying to dimension the paging channel and paging message to carry the full secured primary notification we propose it shall be sent by BCCH.

Proposal 1: the primary notification shall be sent by BCCH.

According to the [2], the primary notification shall be delivered within 4 seconds from the presentation of the information to the PLMN to the UE in the Notification Area, thus the delay from eNB to UE is less than 4s, eNB should delivery the primary notification to UE as soon as possible to satisfy the delay requirement.

Currently the system information change procedure is described as following:

1) eNB sends paging messages at all paging occasions throughout a modification period

2) After the modification boundary, eNB begins to transmit the updated system information.

3) UE receives the paging message and is indicated to re-read the system information at next modification period

Thus the delay is dependent on the modification period. 

It was agreed that the length of modification period equals to N * default paging cycle. N and default paging cycle are configurable and broadcast by system information. For the reliable reception, eNB should send the paging message several times, in this paper, it is assumed that the N equals to 2, 4 or 8, on the other hand, the default paging cycle is one from [320ms, 640ms, 1280ms, 2560ms], so the min length of modification period is summarized in table 1. However in practice we believe the default paging cycle is at least larger than 320ms from a UE battery saving point of view, so in the following discussion; the 320ms paging cycle is excluded.

	
N

Paging cycle
	2
	4
	8

	320ms
	640
	1280
	2560

	640ms
	1280
	2560
	5120

	1280ms
	2560
	5120
	10240

	2560ms
	5120
	10240
	20480


Table 1 the length of modification period

After receiving the paging message, UE knows the eNB will send the new system information at next modification period, so once the modification period boundary is past, UE starts to acquire the new system information.
From this description it is clear that in many or most cases the total delay is larger than 4s and does not satisfy the delay requirement for primary notification, thereby the existing system information change procedure can not apply for primary notification case. 
Most UEs would not need excessive paging repetition, and for those UEs, the main delay is arising from the synchronization between eNB and UE. However for ETWS first notification messages, it is not needed to apply synchronize between eNB and UE. It is proposed that eNB should update the system information immediately after receiving a primary notification message from MME, and then send the paging messages to UE. Once receiving the paging message, UE re-read the system information immediately. I.e. for ETWS primary notification message, modification boundary should not apply. 
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Figure 2 system information change for primary notification

The delay about this solution is in the same magnitude as a paging-only solution, mainly depending on the UE paging cycle, as agreed at previous meeting, the UE paging cycle equals to min(UE specific paging cycle, default paging cycle), so the max delay equals to 2.56s, it is ok for delay requirement of primary notification.

From a UE perspective, UE would need to know if modification boundary shall be applied or not, after receiving a paging message. It would be simple to introduce e.g. a paging cause for This ETWS primary notification. 

So we propose as following:

Proposal 2: eNB should update the system information immediately after receiving a primary notification message.

Proposal 3: A special indicator for primary notification is proposed to be included in paging message.

Proposal 4: Upon receiving a system information change notification for primary notification, UE should acquire system information immediately.

Comparison

In last RAN2 meeting, a delayed security method was proposed, the PN and the security information are separated, thus the size of PN is of the order of several bits and the PN could be contained in a paging message, the other security information is carried by system information like a SN message, in this section, we would like to compare these solutions from a delay and security point of view.

As we know for the public warning message, security and delivery delay are the most important requirements, so whichever solution is adopted, both security and delay requirements should be satisfied.
Delay

For the delayed security solution, the PN is delivered to UE by a paging message, the average delay depends on the paging cycle, in this paper, UE specific paging cycle is excluded and the default paging cycle is assumed as 2.56s. So the average delay is half of a default paging cycle i.e. 1.28s.
For the solution mentioned above, the PN is carried to UE by system information, the average delay consists of the time to receive a paging message and the time to acquire the system information, assumption that the period of SIB containing PN equals to 640ms, so the average delay for PN is half of a default paging cycle plus half of the PN SIB period, in total the average delay equals to 1.6s (1.28s+0.32s). 

Security

For the delayed security solution, the PN is delivered by a paging message and the security information is carried by system information, it is not cleat whether there is also a 4s requirement for security information, after UE receives a paging message containing a PN, how does UE justify whether PN is reliable? Does UE delay to notify the user until the security information is received? So we think this solution could not satisfy the security requirement. 
For the system information solution, the PN is secured by digital signature, the security information and PN are delivered to UE together, UE can rely on this PN and notify user immediately, on our opinion, it is a secure solution..
A summary is shown in table 2 below:

	
	Solution1 (delayed security)
	Solution 2

	Average delay
	1.28s
	1.28s+0.32s=1.6s

	Security
	Low
	High


Table 2
Assumption: the default paging cycle is 2.56s and the period of PN SIB is 640ms. 
Form the comparison above, in the delay aspect, the both solutions are almost same and satisfied to the delay requirement; but for the security, solution 2 is obviously more reliable than solution 1. so we propose that: 
Proposal 5: RAN2 is kindly asked to adopt the solution based on system information.
Proposals
In this paper, we discuss the system information change procedure for primary notification, we think the existing system information change procedure can not apply for the primary notification case, and a new solution is introduced, according to the analysis above, we propose that:

Proposal 1: the primary notification shall be sent by BCCH.

Proposal 2: eNB should update the system information immediately after receiving a primary notification message.

Proposal 3: A special indicator for primary notification is proposed to be included in paging message.

Proposal 4: Upon receiving a system information change notification for primary notification, UE should acquire system information immediately.

Proposal 5: RAN2 is kindly asked to adopt the solution based on system information.
Proposals are captured in attached text proposal.
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5.2
System information

5.2.1
Introduction

5.2.1.1
General

System information is divided into the MasterInformationBlock (MIB) and a number of SystemInformationBlocks (SIBs). The MIB includes a limited number of most essential and frequently transmitted parameters to acquire other information from the cell, and is transmitted on BCH. SIBs other than SystemInformationBlockType1 are carried in SystemInformation (SI) messages and mapping of SIBs to SI messages is flexibly configurable by schedulingInformation included in SystemInformationBlockType1, with restrictions that: each SIB is contained only in a single SI message, only SIBs having the same scheduling requirement (periodicity) can be mapped to the same SI message, and SystemInformationBlockType2 is always mapped to the SI message that corresponds to the first entry in the list of SI messages in schedulingInformation. There may be multiple SI messages transmitted with the same periodicity. SystemInformationBlockType1 and all SI messages are transmitted on DL-SCH.

5.2.1.2
Scheduling

The MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames.

The SystemInformationBlockType1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SystemInformationBlockType1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.

The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows) using dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI is transmitted. The length of the SI-window is common for all SI messages, and is configurable. Within the SI-window, the corresponding SI message can be transmitted a number of times in any subframe other than MBSFN subframes, uplink subframes in TDD, and subframe #5 of radio frames for which SFN mod 2 = 0. The UE acquires the detailed time-domain scheduling (and other information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH.

A single SI-RNTI is used to address SystemInformationBlockType1 as well as all SI messages.

SystemInformationBlockType1 configures the SI-window length and the transmission periodicity for the SI messages.

Editor's note:
It seems best to specify the handling of the scheduling information by means of an ‘elementary procedure’, i.e. related to the reception of the related information elements.

Editor's note:
In the unlikely event that serving cell paging and target cell DBCH overlap in time one of the two activities will need to be prioritised. This may lead into paging reception loss or increases in cell reselection interruption time.

5.2.1.3
System information validity and notification of changes

System information changes normally only occur at specific radio frames i.e. the concept of a modification period is used. SI messages may be transmitted a number of times with the same content within a modification period, as defined by its scheduling. The modification period boundaries are defined by SFN mod N. N is configured by system information.

When the network changes (some of the) system information, it first notifies the UEs about this change i.e. this may be done throughout a modification period. In the next modification period, the network transmits the updated system information. These general principles are illustrated in figure 5.2.1.4-1, in which different colours indicate different system information. Upon receiving a change notification, the UE knows that the current system information is valid until the next modification period boundary. After this boundary, the UE acquires the new system information. There is a (short) period during which the UE does not have valid system information.
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Figure 5.2.1.3-1: Change of system Information 

The Paging message is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. If the UE receives a Paging message including the systemInfoModification set to normal, it knows that the system information changes at the next modification period boundary. Although the UE may be informed about changes in system information, no further details are provided e.g. regarding which SI message has changed. The change notification mechanism is not used for the system information using an expiry timer (intended for the more dynamic system information).
For SystemInformationBlockTypeX the information can be changed without regard to modification period. If the UE receives a Paging message including the systemInfoModification set to immediate, it knows that the SystemInformationBlockTypeX has already changed. 
SystemInformationBlockType1 includes a value tag that indicates if a change has occurred in the SI messages. UEs may use this value tag e.g. upon return from out of coverage, to verify if the previously acquired system information is still valid. The UE considers system information to be valid for at most 6 hours from the moment it was received.

Editor's note:
The UE requirements corresponding with the above descriptive text are still to be captured elsewhere, e.g. within the paging procedure which may trigger the BCCH acquisition procedure.

Editor's note:
It is FFS when UEs in RRC_CONNECTED monitor paging for system information change detection. For example, UE may only need to monitor one paging occasion per one BCCH modification period, or it may need to monitor several paging occasion per one BCCH modification period with certain periodicity.

Editor's note:
If it will be agreed that the ETWS primary notification is performed by means of paging, ETWS capable UEs will be required to read paging.
5.2.2
System information acquisition

5.2.2.1
General
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Figure 5.2.2.1-1: System information acquisition, normal

The UE applies the system information acquisition procedure to acquire the AS- and NAS- system information that is broadcasted by the E-UTRAN. The procedure applies to UEs in RRC_IDLE and to UEs in RRC_CONNECTED.

5.2.2.2
Initiation

The UE shall apply the system information acquisition procedure upon selecting (e.g. upon power on) and upon re-selecting a cell, after handover completion, after entering E-UTRA from another RAT, upon return from out of coverage, upon receiving a notification that the system information has changed and upon exceeding the maximum validity duration.

5.2.2.3
System information required by the UE

The UE shall

1>
ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the ‘required’ System Information: 

2>
if in RRC_IDLE:
3>
the MasterInformationBlock and SystemInformationBlockType1 messages as well as SystemInformationBlockType2 through SystemInformationBlockType8, depending on support of the concerned RATs;
3> SystemInformationBlockX, depending on support for ETWS;
2>
if in RRC_CONNECTED:
3>
the MasterInformationBlock, the SystemInformationBlockType1 and the SystemInformationBlockType2 messages;
 3> SystemInformationBlockX, depending on support for ETWS;
1>
consider any stored system information to be invalid if it was received more than 6 hours ago;

1>
consider any stored system information to be invalid if the value tag included in the SystemInformationBlockType1 message transmitted on BCCH is different from the one of the stored system information;

5.2.2.4
System information acquisition by the UE

The UE shall

1>
if the procedure is triggered by a system information change:
2>
start aquiring the required system information, as defined in 5.2.2.3,  from the beginning of the modification period following the one in which the change notification was received;
1>
if the procedure is triggered by a system information change, indicating immediate system information change:
2>
start aquiring the required system information, as defined in 5.2.2.3, immediately;
1>
if the UE is in RRC_IDLE and enters a cell for which the UE does not have stored a valid version of the system information required in RRC_IDLE, as defined in 5.2.2.3:
2>
acquire the system information required in RRC_IDLE, as defined in 5.2.2.3.

1>
following successful handover completion to a cell for which the UE does not have stored a valid version of the system information required in RRC_CONNECTED, as defined in 5.2.2.3:

2>
acquire the system information required in RRC_CONNECTED, as defined in 5.2.2.3;
Editor's note:
It has been agreed that the time critical information, i.e. the information required to continue the user plane in the target cell, shall be included in the handover command. The UE obtains the other information, e.g. the modification period, from system information.

1>
following a request from CDMA upper layers: 
2>
acquire SystemInformationBlockType8;
Editor's note:
It is FFS if there is a need to explicitly specify which operations the UE is not required to perform prior to receiving the required system information i.e. this may be implied from the other, not time critical, configuration information. 

1>
not initiate the RRC connection establishment or RRC connection re-establishment procedure if it does not have a valid version of the system information required in RRC_CONNECTED, as defined in 5.2.2.3. 

The UE may apply the received SIBs immediately i.e. the UE does not need to delay using a SIB until all SI messages have been received.

Editor's note:
It seems best to specify the scheduling by means of an ‘elementary procedure’, i.e. related to the reception of the related information elements.

5.2.2.5
Essential system information missing

The UE shall

1>
if in RRC_IDLE and the cell does not transmit the MasterInformationBlock, the SystemInformationBlockType1 or the SystemInformationBlockType2:

2>
Consider the cell to be barred in accordance with TS 36.304 [4].

5.2.2.6
Actions upon reception of the MasterInformationBlock message

Upon receiving the MasterInformationBlock message the UE shall:

1> 

To be completed

Editor's note:
The aim is to specify only a minimum of specific behaviour in these sections

5.2.2.7
Actions upon reception of the SystemInformationBlockType1 message

Upon receiving the SystemInformationBlockType1 message the UE shall:

1>
if the IE mbsfn-SubframeConfiguration is included:

2>
consider that no other DL assignments occur in the MBSFN subframes indicated in the IE mbsfn-SubframeConfiguration.

To be completed

Editor's note:
The aim is to specify only a minimum of specific behaviour in these sections i.e. only the behaviour related to system information reception e.g. scheduling information, value tags, etc.

5.2.2.8
Actions upon reception of SystemInformation messages

Upon receiving an SystemInformation message the UE shall:

1>


To be completed

Editor's note:
The following sections aim to cover specific actions e.g. the triggering of a procedure upon receipt of an IE within a SIB. UE handling related to IEs may also be included in the procedures using the information e.g. the connection establishment includes actions related to the access class barring info. For some SIBs a section may not be needed.

5.2.2.9
Actions upon reception of SystemInformationBlockType2
Upon receiving SystemInformationBlockType2, the UE shall:

1>
if a (UE specific) paging cycle was received (signalling details FFS):

Editor's note:
It is FFS is the UE specific DRX value is signalled by NAS or AS.
2>
Apply the lowest of the paging cycle and the defaultPagingCycle included in the semiStaticCommonChConfig:

1>
else:

2>
Apply the defaultPagingCycle included in the semiStaticCommonChConfig:

1>
TBS

5.2.2.10
Actions upon reception of SystemInformationBlockType3
Upon receiving SystemInformationBlockType3, the UE shall:

1>
TBS

5.2.2.11
Actions upon reception of SystemInformationBlockType4
Upon receiving SystemInformationBlockType4, the UE shall:

1>
TBS

5.2.2.12
Actions upon reception of SystemInformationBlockType5
Upon receiving SystemInformationBlockType5, the UE shall:

1>
TBS

5.2.2.13
Actions upon reception of SystemInformationBlockType6
Upon receiving SystemInformationBlockType6, the UE shall:

1>
TBS

5.2.2.14
Actions upon reception of SystemInformationBlockType7
Upon receiving SystemInformationBlockType7, the UE shall:

1>
TBS

5.2.2.15
Actions upon reception of SystemInformationBlockType8
Upon receiving SystemInformationBlockType8, the UE shall:

1>
if the IE hrpd-PreRegistrationInfo is included:

2>
forward the hrpd-PreRegistrationInfo to CDMA upper layers;

1>
if the IE onexrtt-LongCodeState is included:

2>
forward the onexrtt-LongCodeState to CDMA upper layers;

1>
if the IE CDMA2000-SystemTimeInfo is included:

2>
forward the CDMA2000-SystemTimeInfo to CDMA upper layers;

1>
TBC
5.2.2.16
Actions upon reception of SystemInformationBlockTypeX
Upon receiving SystemInformationBlockTypeX, the UE shall:

1>
if the UE supports ETWS, forward the information to higher layers (ETWS application). 
5.2.3
Acquisition of an SI message

When acquiring an SI message, the UE shall:

1>
determine the start of the SI-window for the concerned SI message as follows:

2>
for the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInformation in SystemInformationBlockType1;

2>
determine the integer value x = (n – 1)*w, where w is the si-WindowLength;

2>
the SI-window starts at the subframe #a, where a = x mod 10, in the next radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;

Editor's note:
It is FFS whether SFN mod T = FLOOR(x/10) + 8 should be used instead.

1>
start reception of DL-SCH using the SI-RNTI from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received, excluding the following subframes:
2>
subframe #5 in radio frames for which SFN mod 2 = 0;
2>
any MBSFN subframes;

2>
any uplink subframes in TDD;

1>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message.

*********************** Next CHANGE *************************
–
Paging
The Paging message is used for the notification of one or more UEs.

Signalling radio bearer: N/A

RLC-SAP: TM

Logical channel: PCCH

Direction: E‑UTRAN to UE

Paging message
-- ASN1START

Paging ::=






SEQUENCE {


criticalExtensions




CHOICE {



paging-r8






Paging-r8-IEs,



criticalExtensions




SEQUENCE {}


}

}

Paging-r8-IEs ::=




SEQUENCE {


pagingRecordList




SEQUENCE (SIZE (1..maxPageRec)) OF SEQUENCE {



ue-Identity






PagingUE-Identity,



pagingCause






PagingCause


}

OPTIONAL,
















-- Need OP


systemInfoModification



ENUMERATED {normal, immediate}




OPTIONAL,
-- Need OP


...

}

-- ASN1STOP

Editor's note:
The extension mechanisms in this message are FFS.

	Paging field descriptions

	ue-Identity

Field description is FFS.

	pagingCause

Field description is FFS.

	systemInfoModification

If present: indication of a BCCH modification.


*********************** Next CHANGE *************************
-
SystemInformationBlockTypeX
The IE SystemInformationBlockTypeX contains ETWS primary notification.

SystemInformationBlockTypeX information element
-- ASN1START

SystemInformationBlockTypeX ::=

SEQUENCE {


immediateNotification

OCTET STRING (SIZE(1 .. 66)),



-- Size FFS

...

}

-- ASN1STOP

	SystemInformationBlockTypeX  field descriptions

	immediateNotification 
A container for higher layers (ETWS application)
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