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Introduction

A bitmap solution has been selected to convey early UE behaviour information from CN to UTRAN and the UESBI-Iu IE that contains UESBI-IuA(refer to 25.994[1]) and UESBI-IuB(refer to 25.995[2]) were included in the RANAP[3]. 

However, the clause 7 “Semantics and Coding of Information Elements indicating specific early UE behaviour” in TR 25.994[1] that contains sub-clause 7.2 “RANAP Information Elements” does not have any information for the coding format. This contribution discusses the type of information that the bitmap should convey and proposes an optimal format for the bitmap. The proposal is to include the format in the TR 25.994[1] and TR 25.995[2] as the SA2 is expecting the format to be decided.
Discussion
There are two main aspects to be taken into account when specifying the semantics of the bitmaps in TR 25.994 [1] and TR 25.995 [2]:

· Minimal bitmap length

The bitmap should be coded in a way that the information about a UE fault is only sent if the UE is known to have such fault. There is not need to send information about faults that the UE does not have. This would unnecessarily increase UTRAN load.

In this sense, absence of a specific UE fault information defaults to the UE being free of such fault. And absence of the UESBI-Iu defaults to the UE being completely fault-free.

· Future proof.
It is definitely not realistic to expect that all UTRAN infrastructure worldwide will be updated immediately upon declaration of a new fault and specification of its handling in either TR25.994 or TR25.995. Neither it is mandatory for any UTRAN implementation to comply with the special handling of all faults declared in these two TRs. Therefore, it is perfectly possible that UTRAN receives in the UESBI-Iu information about UE faults that it does not comprehend.

Since the impact of a UE fault in UTRAN can range from being pretty weak to rather severe, it should not be a policy for UTRAN to act identically with all non-comprehended faults. Instead, "fault severity information" should be included per fault in order to help UTRAN decide what to do when the UE is reported to have a fault unknown to UTRAN. 

Also, some faults may apply globally, affecting more or less any communication with the UE, while others may apply only to certain localized functionality. Proper grouping of faults, based on UTRAN functionality, would allow UTRAN to handle faults within the context of each communication. For example, if a UE fault only applies to HSDPA, then there is definitely no need to drop CS calls or PS sessions just because the UTRAN does not comprehend this UE fault.

Proposal
Figure 1 shows an example of the coding proposed for UESBI-IuA and UESBI-IuB in RANAP [3]. 
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Figure 1. Example of proposed UESBI-IuA/B coding.

In this example, UESBI-IuA/B reports that the UE has two faults (with IDs 7 and 12) for group ID = 0, and one fault (with ID 2) for group ID = 2. The severity flag 'S' for the two UE faults within group ID '0' is set to 'LOW' (S=0). Therefore, if UTRAN does not comprehend any one of these two errors, it can assume that it can continue with the communication with the UE without any major impact to UTRAN or to the communication itself. However, UE fault '2' with Group ID '2' has the severity flag set to "HIGH" (S=1), which indicates UTRAN that ignoring this fault may have severe impacts in UTRAN or in the communication with the UE for any communication relying on functionality associated to this group ID. UTRAN then should probably release such communication with the terminal.

This coding only conveys information about faults that the UE actually has, enables the grouping concept mentioned above and conveys per UE fault severity information, which can be used by the UTRAN to decide on a course of action if it does not comprehend the fault.

The groups of UE faults have to be defined in a way that fulfils two main principles:

1. Little or no overlap of UTRAN functions among groups. 

By this it is meant that groups should be defined in a way that UE faults fall completely into a single group for most of the cases (hopefully all of them). 

No UE fault should fall into two or more groups. If that happens, then the UE fault should only get a Fault ID in the groups that is considered more appropriate by TSG RAN.

UE faults shall get a UE Fault ID in only one group.

2. Selectivity 
The grouping shall be done in a way that it allows UTRAN to differentiate whether a fault applies to any of the current or requested communications with the UE. E.g. a UE fault on MBMS should not affect CS calls and PS sessions to the UE. 

A possible definition of groups is:

	Group ID
	Semantics
	Coments

	0
	Global
	Affects any communication with the UE

	1
	CS-basic
	Affects basic CS services with the UE 

	2
	PS-basic
	Affects basic PS services with the UE

	3
	SHO & PC
	Affects Soft/Softer Handover and Power Control

	4
	ISHO & HHO
	Affects Inter-System Handover and Hard-Handover

	5
	HSDPA
	Affects HSDPA specific functions

	6
	MBMS
	Affects MBMS specific functions

	7 … 15
	Reserved
	


The severity information is reduced to a binary flag, since this is probably all that UTRAN needs to deal with non-comprehended UE faults.

This coding takes the reasonable assumption that no UE will ever have an amount of faults that cannot be fit within the coding space provided for the UESBI-IuA/B.
Annex A of this recommendation includes proposed additions to TR 25.994 [1] and TR. 25.995 [2] using linear encoding for the UESBI-IuA/B bit strings. 

Annex B of this recommendation includes proposed additions to TR 25.994 [1] and TR 25.995 [2] using ASN.1 encoding for the UESBI-IuA/B bit strings.
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Annex A

7 
Semantics and Coding of Information Elements indicating specific early UE behaviour

7.1


RRC Information Elements

7.2


RANAP Information Elements

UE faults are grouped based on functionality as defined in this specification. Each group has a unique group ID, and each UE fault inside a group has a UE fault ID that is unique within this group.

Each UE fault has a severity bit assigned to it ('S' bit in figure 7.2.1/3GPP TR 25.994). The 'S' bit provides information to UTRAN on how critical the associated fault is within the framework of the functionality represented by the group ID. The 'S' bit is used by UTRAN when it does not comprehend the associated fault ID. If UTRAN does not comprehend a fault ID within a group ID, and the fault ID has the associated 'S' bit set to 'High', then UTRAN should release the connections with a UE that require the functionality represented by the group ID. However, UTRAN should ignore UE faults that it does not comprehend but that have the 'S' bit set to 'Low', and continue all communications with the UE. 

The content of the List of UE faults information element is coded as shown in figure 7.2.1/3GPP TR 25.994 and table 7.2.1/3GPP TR 25.994. A List of UE faults information element must include at least one UE Fault ID. 
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Figure 7.2.1 / 3GPP TR 25.994: List of UE faults Information Element.

Table 7.2.1/3GPP TR 25.994: UESBI-IuA Information Element.

	Group ID (octet 1)

Bits

	8
	7
	6
	5
	

	0
	0
	0
	0
	 Global

	0
	0
	0
	1
	 CS Basic

	0
	0
	1
	0
	 PS Basic

	0
	0
	1
	1
	 Soft Handover and Power Control

	0
	1
	0
	0
	 Inter-System Handover and inter-Frequency Handover

	0
	1
	0
	1
	 HSDPA specific functions

	0
	1
	1
	0
	 MBMS specific functions

	…
	 

	
	
	
	
	

	All other values are reserved.

	

	Length (octet 1)

	Bits

	4
	3
	2
	1
	

	0
	0
	0
	0
	 Reserved (shall not be used)

	0
	0
	0
	1
	 1 octet

	0
	0
	1
	0
	 2 octets

	…..
	

	1
	1
	1
	1
	 15 octets

	

	The length value indicates the number of “UE fault ID” fields following octet 1. 

	

	UE fault ID (octet 2 .. n)

Bit

	7
	6
	5
	4
	3
	2
	1
	

	X
	X
	X
	X
	X
	X
	X
	 All values are reserved

	

	All other values are reserved

	

	S bit, Severity (octet 2 .. n)

	Bit

	8
	

	0
	Low

	1
	High

	


If for a given group, the UE is recognized by the network as having one or more faults identified in this technical report, then the UESBI-IuA in [1] shall include a List of UE faults for this group.

If for a given group, the UE is not recognized by the network as having any fault identified in this technical report, then the UESBI-IuA in [1] shall not include a List of UE faults for this group.

The UESBI-IuA in [1] includes zero or one List of UE faults per Group ID.

When more than one List of UE faults, each with a different Group ID, is required to be send in the UESBI-IuA, then the list are concatenated as shown in figure 7.2.2/3GPP TR 25.994. The total resulting length of the aggregated List of UE faults is constrained by the maximum length allowed for the UESBI-IuA in [1] (128 bits = 16 octets).
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	List of UE faults
	octets 1 .. n

	…..
	   ….

	List of UE faults
	octets x .. y


Figure 7.2.1 / 3GPP TR 25.994: concatenation of “List of UE faults” Information Elements.

Annex B

7 
Semantics and Coding of Information Elements indicating specific early UE behaviour

7.1


RRC Information Elements

7.2


RANAP Information Elements

UE faults are grouped based on functionality as defined in this specification. Each group has a unique group ID, and each UE fault inside a group has a UE fault ID that is unique within this group.

Each UE fault has a severity indicator assigned to it. The severity indicator provides information to UTRAN on how critical the associated fault is within the framework of the functionality represented by the group ID. The severity indicator is used by UTRAN when it does not comprehend the associated fault ID. If UTRAN does not comprehend a fault ID within a group ID, and the fault ID has the associated severity indicator set to 'High', then UTRAN should release the connections with a UE that require the functionality represented by the group ID. However, UTRAN should ignore UE faults that it does not comprehend but that have the severity indicator set to 'Low', and continue all communications with the UE. 
If for a given group, the UE is recognized by the network as having one or more faults identified in this technical report, then the UESBI-IuA in [1] shall include a UEFaultGroup for this group.
If for a given group, the UE is not recognized by the network as having any fault identified in this technical report, then the UESBI-IuA in [1] shall not include a UEFaultGroup for this group.

The content of the List of UE faults information element is coded as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UESBI-IuA
	
	
	
	

	>UEFaultGroup
	
	1 to maxnoofGroups
	
	

	>>Group ID
	M
	
	INTEGER

(Global(0),

CS Basic(1),

PS Basic(2),

Soft Handover and Power Control(3),

Inter-System and Inter-Frequency Handover(4),

HSDPA specific functions(5),

MBMS specific functions(6))
	Desc.: This IE indicates the 3GPP Release to which the UE fault IDs following this IE apply.

Value range is 0 to 15.

	>>UE Fault List
	M
	1 to <maxnoofUEFaultsPerGroup>
	
	UE fault IDs are defined in Table 3GPP TS24.994 / 1 in this document. 

	>>>Severity
	M
	
	INTEGER(low, high, …)
	

	>>>UE Fault ID
	M
	
	INTEGER

(0 … 128)
	


	Range Bound
	Explanation

	maxnoofGroups
	Maximum number of Group IDs. Value is 16.

	maxnoofUEFaultsPerGroup
	Maximum number of faults that can be defined per group ID in this specification.

Value is 128.


7.3 Abstract Syntax Notation

UESBI-IuA ::= SEQUENCE (SIZE (1.. maxNrOfGroups)) OF UEFaultGroup

UEFaultGroup ::= SEQUENCE {


groupID

INTEGER (0..15),


gEFaultList
UEFaultList,

iE-Extensions

ProtocolExtensionContainer { {UEFaultGroup-ExtIEs} } OPTIONAL,

...
}

UEFaultList ::= SEQUENCE (SIZE (1.. maxNrOfUEFaultsPerGroup)) OF


SEQUENCE {



severity

Severity,



uEFaultID
INTEGER (0..128),


iE-Extensions

ProtocolExtensionContainer { {UEFaultList-ExtIEs} } OPTIONAL,


...

}

Severity ::= ENUMERATED {


low,


high,


…

}

maxNrOfGroups





INTEGER ::= 16

maxNrOfUEFaultsPerGroup


INTEGER ::= 128
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