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1
Introduction
At RAN3#79bis, RAN3 received the LS [1] from CT4. RAN3 sent a response to question 1 but postponed the response to question 2 to RAN3#81 which is further discussed in this paper.
2
Discussion
The question from CT4 addressed in this paper is: 

“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.”

In [3], an analysis of the added functionality and backwards compatibility was made. Here, a similar analysis as in [4] is made according to our understanding of how current functionality should be used in order to minimize the signalling between the MME and eNB and to minimize the required computational load in the eNB.
2.1 Network deployment
The network deployment used is based on the example of amber alerts in the appendix in [4] shown in Table 1.
	Network configuration
	

	Number of cells
	20000

	Number of eNBs
	2000

	Number of cells in tracking  areas completely located in California
	19000

	Tracking Area size
	50


Table 1: Network configuration

In this analysis we also need to estimate the number of tracking areas to which the cells located outside California belong. Using the numbers in the example, an estimate is 1000/50 TAIs = 20 TAIs.
In order to simplify the discussion the cells and tracking areas are divided into two sets according to Table 2
	Set
	TAI
	Cell
	No Of eNBs

	Set 1 (in California)
	1-380
	1-19000
	1900

	Set 2 (outside California)
	381-400
	19001-20000
	100


Table 2: TAI and cells separated into Set 1 containing the cells and TAIs in California and Set 2 the cells and TAIs outside California.
In [4] one message containing the 380 TAIs and 1000 cells are sent in one message using the proposed additional warning area list IE. Alternatively, two messages are used where one message provides the necessary information to provide the information to the cells in Set 1 and the second message to Set 2. The CBC sets 380 TAIs to be used for the routing in the MME and also the list of the corresponding 380TAIs.

Message 1 (Set 1): 380 TAIs for routing and 380 TAIs in the warning area list
Message 2 (Set 2): 20 TAIs for routing and 1000 cells in the warning area list
Note that the TAIs used for routing is not used on the S1 interface hence can be ignored in this analysis because CBC-MME signalling is out of RAN3 scope.

2.2 S1 Signalling Analysis
The size of an E-CGI and a TAI are respectively:  Table 3 below shows the information content of the size of the information in the three different messages in octets. The size of the E-CGI is 6.5 octets and the size of the TAI is 5 octets.
	
	No of TAI
	No of E-CGI
	No of TAI
	E-CGI size
	Sum

	Message 1
	380
	0
	1900
	0
	1900

	Message 2
	0
	1000
	0
	6500
	6500

	Combined message
	380
	1000
	1900
	6500
	8400


Table 3: Size of the two individual messages and the combined message with the Additional Warning Area list IE in octets.
In order to compare the total amount of data transferred over S1 let A be the overhead in the Write-Replace warning message sent from the MME, ignoring extra bits for coding the Additional Warning Area List IE, and take the number of eNBs each message is sent to into account. Message 1 is sent to the approximately 1900 eNBs in Set 1 and Message 2 to the 100 eNBs in Set 2. 
Total Number of octets two messages: 1900*(A+1900) + 100*(A+6500) = 2000A + 4260000
Total Number of octets combined message: 2000*(A+8400) = 2000A +16800000 
Difference: (2000A +16 800 000 – (2000A + 4 260 000)) octets = 12 540 000 octets
Assuming that the overhead can be ignored, it takes (16 800 000/4 260 000) - approximately 4 times more resources for the new functionality of using combined message proposed in [4] in comparison to that used for the existing functionality that uses two separate messages. 
Conclusion: Adding an additional warning area containing a list of cells will likely increase the signalling load over S1 by approximately a factor 4 compared to making efficient use of the existing mechanisms provided by the standard.
2.3 eNB Computational Load
In this section an analysis of the change in computational load when the additional warning list is used as proposed in [4] compared to the existing mechanism using two messages. 

In the existing solution an eNB will receive either a message belonging to Set 1 or Set 2. For the 380 TAIs containing 1900 eNBs located in California the eNB needs to find which of its cells belong to at least one of the 380 TAIs (could be multiple hits if shared network). The eNB stops searching when it has reached the end of the list or the warning has been started in all cells. 
Observation: For an eNB located in a TAI inside California the complexity corresponds to finding which of its cells are in the set of a list of length 380.

For the 100 eNBs in the 20 TAIs outside California it needs to check which cells are in the subset of the list of length 1000. 
Observation: For an eNB located in a TAI outside California the complexity corresponds to finding which of its cells are in the set of a list of length 1000.

If the message contains both the 380 TAIs and the 1000 cells the eNB needs to find which of the cells belong to at least one of these sets.
Observation: All 2000 eNBs the complexity corresponds to finding which of its cells are in the set of list of 380 and if no match which are in the set of list of length 1000 (assuming that the eNB starts with the shortest list).
Conclusion: The complexity and or computational load in the eNB increases when an additional warning list is added to the Write Replace Request message.
3
Summary and Proposal

The conclusions in this document based on the example in [4] shows that the signalling over S1 is significantly increased and the computational load/complexity in the eNBs are increased if an additional warning area list is added to the Write-Replace Warning message. 

We propose RAN3 to take the summary above into account and send the LS response in [5].
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