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1 Introduction
At RAN3#79bis, a liaison has been received from CT4 in [1] asking to introduce a second Warning Area List IE in the Write message:
Question-2: CT4 would like to know if RAN3 or CT1 would see the approach to add an Additional Warning Area List IE as a protocol extension parameter as a protocol enhancement.

RAN3 has provided a temporary response at RAN3#79bis in [2] to allow time for investigation.

Answer-2: RAN3 would like more time to consider the response.

This paper provides a deeper analysis of CT4/CT1 proposal and a way forward.

2 Description 

The first issue that CT4/CT1 is addressing is that a PWS alert generally needs to be broadcast simultaneously over a variety of area types among cells, tracking areas, and emergency areas.  
We believe that this issue is valid and it is even a frequent requirement to send the broadcast over the variety of area types in particular for the tracking areas.

Indeed PWS can be used for various purposes that potentially ranges from

· Earthquake and tsunami alerts,

· Terrostist attack,

· Transport of nuclear material,

· Kidnapping alert (“amber alert” when a child has been kidnapped).
The region over which the broadcast must take place can be shaped undependently of mobile operator and does not necessarily match exactly a list of tracking areas. In most cases it would simply not match because regions are often defined as polygon shapes by the CBE independently of how a mobile operator defines its network. A concrete example is provided in Annex of this paper (section 5) for more details. 
Proposal 1: agree with CT4 that the request to broadcast PWS alerts over several area types is valid.

The second issue that CT4/CT1 is addressing is that the current Warning Area List IE has been coded by RAN3 as a choice structure which means that broadcast of warning can be done:
· Either over a list of TAs

· Either a list of cells

· Either a list of Emergency Areas

This is not flexible because whenever the broadcast is needed over some TAs plus some cells for example, this currently requires to:
· Either send two different Write messages, alt1

· Or translate all TAs into cells and send the Write message with such a big list of cells, alt2

We believe that neither of these alternatives is currently fully satisfactory:

· Alt 1 doubles the number of messages that the MME has to forward to hundreds of eNBs. This also complicates the management in the MME and CBC. One of the new process already agreed for release 12 by CT4 is for example the tracking of successful delivery of the messages by the CBC (new Write Indication message from MME to CBC to aggregate the Broadcast Completed Area Lists built by the eNBs). If one broadcast request is split in two parts, the CBC will have to track the missing responses from some eNBs across multiple responses.

· Alt2 can create very big messages which can lead to MME segmentation given the maximum acceptable SCTP payload. Considering that the MME must forward the message to potentially hundreds of eNBs, the segmentation process would complicate a lot MME processing. eNB processing is also impacted. A concrete example is provided in Annex of this paper (section 5) for more quantitative analysis of these impacts.  
Proposal 2: agree that existing solutions are not fully satisfactory.
Analysis of CT4 solution: CT4 is proposing the following solution
 The proposal which is now under consideration would include a new Additional Warning Area List IE, which is encoded as a protocol extension element in order to be backwards compatible. If the Warning Area would consist of more than one List type (see above paragraph for the List types), one of the List types would be populated in the Warning Area IE and the remaining List types would be populated in the Additional Warning Area List IE.

CT4 proposes to create a second Warning Area List IE which would include the three area types of cells, TAIs, Emergency areas, as of today, but without an exclusive choice. 
We think that this proposal could be further optimzed as follows:

In order to remain backwards compatible, the existing Warning Area List IE will remain. This exsiting IE can be filled either with TAIs or Energency Area ID. When emergency area are used they should map to individual cells and should correspond to well pre-defined regions. Of course the burden of using the emergency area is the configuration effort.
Therefore it should be enough to concentrate only on the case where the existing Warning Area List IE is filled with TAIs and a second Warning Area List2 IE is added which only contains a list of complementary cells.This is easier compared to CT4 solution creating a new second IE which contains all area types with all possible combinations with the existing IE. 

An example draft CR of the solution proposed in this paper is provided in [3].

Proposal 3: create in release12 a new Warning Area List2 IE consisting only of a list of cells to broadcast/kill when the existing Warning Area List IE is filled with TAIs, as presented in [3].  
3 Conclusion and Proposal
This paper has investigated the response to question 2 of CT4 with regards to the creation of a second Warning Area List and concluded that it would be a useful enhancement.

Proposal 1: agree with CT4 that the request to broadcast PWS alerts over several area types is valid.

Proposal 2: agree that existing solutions are not fully satisfactory.

A solution, optimized compared to CT4 proposal, has been provided in [3]:

Proposal 3: create in release12 a new Warning Area List2 IE consisting only of a list of cells to broadcast/kill when the existing Warning Area List IE is filled with TAIs, as presented in [3].

Proposal 4: It is also proposed to send a final rely to CT4 in [4].
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5 Annex: Example of Amber Alerts in California 

Previous versions of TS 23.041 already specified that multiple list types in a single request should be possible, but this wasn’t implemented in stage 3 specifications. The CR intends to correct this error in a backwards compatible way.

TS 23.041 specified that multiple list types in a single request should be possible because for good reasons:

CMAS Amber Alert messages in the US are broadcasted state wide. US operators have deployed some 20,000 LTE cells in the state of California. 20,000 cells are served by some 2,000 eNodeBs.

Therefore, when an Amber Alert is sent 2,000 eNodeBs will each receive a WRITE-REPLACE request and a KILL request with a list of 20,000 cells. This requires a huge signalling capacity and huge resources on MME and eNodeB (memory to store the list and processor capacity to find the 10 or 20 cells in that list that are served by the eNodeB). 

A point of discussion is if MMEs and eNodeBs have such resources. Practical experience has already shown that this is not necessarily the case!

To continue with the example above; assume that the 19,000 cells out of the 20,000 cells lie in Tracking Areas that are completely located inside the state of California. Assume also that a Tracking Area consists of 50 cells (average). That would result in a List of TAIs consisting of 380 TAIs and a List of Cell IDs of 1,000 cells.

An E-CGI consists of a PLMN ID of 3 bytes and a Cell Identity of 28 bits. 20,000 cells require 130,000 octets.

A TAI consists of 3 octets for the PLMN ID and 2 octets for the TAC. A list of 380 TAIs requires 1900 octets. The remaining List of Cell IDs with 1,000 cells requires 6500 octets.

1900 octets + 6500 octets = 8400 octets compared to 130,000 octets is a huge efficiency improvement of more than 15 times!

This improvement applies to each of the 2,000 eNodeBs that receive this request! Some 2,000 * (130,000 – 8400) octets = 243,200,000 octets will not be sent across the signalling network for no reason!


















