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1. Introduction
When UE moves within the network, it is required to do updates to the network to inform the present location. The location is indicated with accuracy of tracking area. Each tracking area is identified with unique identity. Based on the movement across tracking area boundary, the UE is expected to update it’s location to the network. To decrease possible number of possible updates from the UE, the network can allocate a list of tracking area identities to which contains all the tracking area identities the UE is registered to with a single procedure. EMM protocol can allocate this list to the UE in attach and tracking area procedures.
2. Reason for Change
As there are no live examples on the tracking area allocation to show list usage, we do not have information on size of the tracking area list. The bigger the list the more it consumes radio resources. Therefore it makes sense to create tracking area list encoding such that it is suitable for short lists as well as for longer lists.
3. Conclusions

We see beneficial to specify a coding method for the tracking area identity list, that allows efficient signalling in the radio interface. To achieve this, we have identified that the tracking area list is prone to contain repeatitive information of the serving network in form of Mobile Country Code and the Mobile Network Code. By avoiding repeated inclusion of the Mobile Country Code and the Mobile Network Code in the list, the list itself can be encoded more efficiently. In addition to this, the list of tracking area identities may contain consecutive codes which are convenient to present with starting value and number of consecutive values.
4. Proposal

We propose that the coding has the following features: For the short lists, the coding includes TAI as such without any compression. For the longer lists, the encoder may choose to use common network code with list of tracking area codes or if the allocated tracking area codes are consecutive then the option designed for that. Also the tracking area identity list can be a combination of above three methods.
Although the coding itself does not limit the size of the tracking area identity list, the maximum size needs to be defined for common understanding and for implementation upper boundary. We propose that the list can contain maximum of 16 different tracking area identities, which can belong to different networks. 
It is proposed to agree the following changes to 3GPP TS 24.301.
* * * First Change * * * *

8.2.1
Attach accept

8.2.1.1
Message definition

This message is sent by the network to the UE to indicate that the corresponding attach request has been accepted. See table 8.2.1.1.

Message type:
ATTACH ACCEPT

Significance:

dual

Direction:


network to UE

Table 8.2.1.1: ATTACH ACCEPT message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

9.2
	M
	V
	1/2

	
	Security header type
	Security header type

9.3.1
	M
	V
	1/2

	
	Attach accept message identity
	Message type

9.8
	M
	V
	1

	
	Periodic TA update timer
	FFS
	M
	V
	FFS

	
	TAI list
	Tracking area identity list
9.9.3.X
	M
	LV
	8-98

	
	Attach result
	FFS
	M
	FFS
	FFS

	FFS
	GUTI
	FFS
	O
	FFS
	FFS

	FFS
	LAI
	Location area identification

9.9.2.1
	O
	TV
	6

	FFS
	MS identity


	Mobile identity

9.9.2.2
	O
	FFS
	FFS

	FFS
	Equivalent PLMNs
	PLMN List

9.9.2.3
	O
	TLV
	5-47

	FFS
	ESM Message
	ESM Message
	FFS
	FFS
	FFS


* * * Second Change * * * *

8.2.23
Tracking area update accept

8.2.23.1
Message definition

This message is sent by the network to the UE to provide the UE with EPS mobility management related data in response to a tracking area update request message.

See table 8.2.23.1.

Message type:
TRACKING AREA UPDATE ACCEPT

Significance:

dual

Direction:


network to UE

Table 8.2.23.1: TRACKING AREA UPDATE ACCEPT message content

	IEI
	Information Element
	Type/Reference
	Presence
	Format
	Length

	
	Protocol discriminator
	Protocol discriminator

9.2
	M
	V
	1/2

	
	Security header type
	Security header type

9.3.1
	M
	V
	1/2

	
	Tracking area update accept message identity
	Message type

9.8
	M
	V
	1

	
	Periodic TA update timer
	FFS
	M
	V
	1

	
	Update result
	FFS
	M
	FFS
	FFS

	FFS
	GUTI
	FFS
	O
	FFS
	FFS

	FFS
	TAI list
	Tracking area identity list

9.9.3.X
	O
	TLV
	8-98

	FFS
	EPS bearer status
	FFS
	O
	FFS
	FFS

	FFS
	ISR indication
	FFS
	O
	FFS
	FFS

	FFS
	LAI
	Location area identification

9.9.2.1
	O
	TV
	6

	FFS
	MS identity
	Mobile identity

9.9.2.2
	O
	FFS
	FFS

	FFS
	Equivalent PLMNs
	PLMN List

9.9.2.3
	O
	TLV
	5-47


8.2.23.2
GUTI

This IE may be included to assign a GUTI to a UE.

8.2.23.3
TAI list

This IE may be included to assign a TAI list to a UE.

8.2.23.4
EPS bearer status

This IE shall be included if the network wants to indicate the EPS bearers that are active for the UE in the network.

8.2.23.5
ISR indication

This IE may be included to indicate to the UE that the UE's P-TMSI and RAI remain registered with the network and are valid in the UE.

8.2.23.6
LAI

This IE may be included to assign a new LAI to a UE during a combined TA/LA update.

8.2.23.7
MS identity

This IE may be included to assign or unassign a new TMSI to a UE during a combined TA/LA update.
8.2.23.8
Equivalent PLMNs

This IE may be included in order to assign a new equivalent PLMNs list to a UE.

* * * Third Change * * * *

9.9.3.X
Tracking area identity list
The purpose of the Tracking area identity list information element is to transfer a list of tracking areas from the network to the UE.

The coding of the information element allows combining different types of lists. The lists of type "000" and "001" allow a more compact encoding, when the different TAIs are sharing the PLMN identity.
The Tracking area identity list is a type 4 information element, with minimum length of 8 octets and maximum length of 98 octets. The list can contain a maximum of 16 different tracking area identities.
The Tracking area identity list information element is coded as shown in figure 9.9.3.x.1/3GPP TS 24.301, figure 9.9.3.x.2/3GPP TS 24.301, figure 9.9.3.x.3/3GPP TS 24.301, figure 9.9.3.x.4/3GPP TS 24.301 and table 9.9.3.x.1/3GPP TS 24.301.
	8
	7
	6
	5
	4
	3
	2
	1
	

	Tracking area identity list IEI
	octet 1

	Length of tracking area identity list contents
	octet 2

	Partial tracking area identity list 1
	octet 3
octet i

	Partial tracking area identity list 2
	octet i+1*
octet l*

	…
	octet l+1*
octet m*

	Partial tracking area identity list p
	octet m+1*
octet n*


Figure 9.9.3.x.1: Tracking area identity list information element 

	8
	7
	6
	5
	4
	3
	2
	1
	

	0

Spare
	Type of list
	Number of elements
	octet 1

	MCC digit 2
	MCC digit 1
	octet 2

	MNC digit 3
	MCC digit 3
	octet 3

	MNC digit 2
	MNC digit 1
	octet 4

	TAC 1
	octet 5

	TAC 1 (continued)
	octet 6

	…
	…

	…
	…

	TAC k
	octet 2k+3*

	TAC k (continued)
	octet 2k+4*


Figure 9.9.3.x.2: Partial tracking area identity list – type of list = "000"
	8
	7
	6
	5
	4
	3
	2
	1
	

	0

Spare
	Type of list
	Number of elements
	octet 1

	MCC digit 2
	MCC digit 1
	octet 2

	MNC digit 3
	MCC digit 3
	octet 3

	MNC digit 2
	MNC digit 1
	octet 4

	TAC 1
	octet 5

	TAC 1 (continued)
	octet 6


Figure 9.9.3.x.3: Partial tracking area identity list – type of list = "001"
	8
	7
	6
	5
	4
	3
	2
	1
	

	0

Spare
	Type of list
	Number of elements
	octet 1

	MCC digit 2
	MCC digit 1
	octet 2

	MNC digit 3
	MCC digit 3
	octet 3

	MNC digit 2
	MNC digit 1
	octet 4

	TAC 1
	octet 5

	TAC 1 (continued)
	octet 6

	MCC digit 2
	MCC digit 1
	octet 7*

	MNC digit 3
	MCC digit 3
	octet 8*

	MNC digit 2
	MNC digit 1
	octet 9*

	TAC 2
	octet 10*

	TAC 2 (continued)
	octet 11*

	…
	

	…
	

	MCC digit 2
	MCC digit 1
	octet 5k-3*

	MNC digit 3
	MCC digit 3
	octet 5k-2*

	MNC digit 2
	MNC digit 1
	octet 5k-1*

	TAC k
	octet 5k*

	TAC k (continued)
	octet 5k+1*


Figure 9.9.3.x.4: Partial tracking area identity list – type of list = "010"
Table 9.9.3.x.1: Tracking area identity list information element

	Value part of the Tracking area identity list information element (octet 3 to n)

	

	The value part of the Tracking area identity list information element consists of one or several partial tracking area identity lists. The length of each partial tracking area identity list can be determined from the 'type of list' field and the 'number of elements' field in the first octet of the partial tracking area identity list.

	If more than 16 TAIs are included in this information element, the UE shall store the first 16 TAIs and ignore the remaining octets of the information element.

	

	

	Partial tracking area identity list:

	

	Type of list (octet 1)

	Bits

	7
	6
	

	0
	0
	list of TACs belonging to one PLMN, with non-consecutive TAC values

	0
	1
	list of TACs belonging to one PLMN, with consecutive TAC values

	1
	0
	list of TAIs belonging to different PLMNs

	

	All other values are reserved.

	

	Number of elements (octet 1)

	Bits

	5
	4
	3
	2
	1
	

	0
	0
	0
	0
	0
	
1 element

	0
	0
	0
	0
	1
	
2 elements

	0
	0
	0
	1
	0
	
3 elements

	…
	

	0
	1
	1
	0
	1
	
14 elements

	0
	1
	1
	1
	0
	
15 elements

	0
	1
	1
	1
	1
	
16 elements

	

	All other values are unused and shall be interpreted as 16, if received by the UE.

	

	Bit 8 of octet 1 is spare and shall be coded as zero.

	

	

	For type of list = "000" and number of elements = k:

	

	octet 2 to 4 contain the MCC+MNC, and

	for j = 1, k:

	octet 2j+3 and 2j+4 contain the TAC of the j-th TAI belonging to the partial list, 

	

	For type of list = "001" and number of elements = k:

	

	octet 2 to 4 contain the MCC+MNC, and

	octet 5 and 6 contain the TAC of the first TAI belonging to the partial list.

	The TAC values of the other k-1 TAIs are TAC+1, TAC+2, …, TAC+k-1.

	

	For type of list = "010" and number of elements = k:

	

	for j = 1, k.

	octet 5j-3 to 5j-1 contain the MCC+MNC, and

	octet 5j and 5j+1 contain the TAC of the j-th TAI belonging to the partial list.

	

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

MNC, Mobile network code 

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, MNC digit 3 shall be coded as "1111".

TAC, Tracking area code
In the TAC field bit 8 of the first octet is the most significant bit and bit 1 of second octet the least significant bit.

The coding of the tracking area code is the responsibility of each administration. Coding using full hexadecimal representation may be used. The tracking area code consists of 2 octets.


