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Introduction

Several issues regarding UE capability handling were agreed at RAN2#64bis and captured in R2-090681 for 36.331. 
Some questions for alignment with other groups were sent in LS R2-090761.

Current RAN3 working assumptions

Remaining issues are:

1 Handling of “dynamic” parts of UTRAN UE capabilities:
2 START_CS, START_PS, 

3 predefined configurations
4 Several smaller issues to achieve a clear specification

5 The 36.331 reference for the IE targetRAT-MessageContainer: “Used to carry messages corresponding to specifications from the target RAT” should be more precise in a similar way as 25.331.
6 Unclear if combined SRVCC plus PS handover is part of Rel-8 and should be described.

7 At handover to GERAN, either the CS capabilities (CM2/3) or the PS/generic capabilities (all capabilities carried in Source BSS to Target BSS container) can be not transferred (see RAN3 decisions in R2-90021). Implies that GERAN will often re-acquire the missing capabilities. Might be considered acceptable and is rather a RAN2 issue
8 Unclear if PS Handover/SRVCC E-UTRAN to GAN shall be supported
Regarding bullet 2, RAN2 sent the response LS R2-090853, stating the RAN2 decision for setting START=0 at handover from E-UTRAN to UTRAN.

RAN node forwarding of capabilities

It has been agreed to follow the “source adapts to target” principle, which implies that some “re-formatting” of capabilities are necessary as the UE performs handover between RATs. This clause surveys the magnitude of the "re-formatting".
Table 1 below illustrates the format of the various “Source to Target Containers”.

	Source to Target Transparent Containers

	To GERAN (CS)
	To GERAN (PS)
	To UTRAN
	To E-UTRAN

	48.008 Old BSS to New BSS Information

Includes:
	48.018 Source BSS to Target BSS Transparent Container

Includes:
	25.413 Source RNC to Target RNC Transparent Container

Includes:
	36.413 Source eNB to Target eNB Transparent Container

Includes:

	FIELD ELEMENT

Extra information

Current Channel Type 2

Target cell radio information

GPRS Suspend information

MultiRate configuration information

Dual Transfer Mode information

Inter RAT Handover Info

cdma2000 Capability Information

Cell Load Information Group

VGCS talker mode

PS Indication

Inter RAT Handover Info

Field Element identifier

Length

Inter RAT Handover Info 

cdma2000 Capability Information

Field Element identifier

Length

44.018 cdma2000 Classmark Change message


	Information Elements

Presence

MS Radio Access Capability

M

Inter RAT Handover Info
O (note 1)

Page Mode

O (note 2, note 3)

Container ID

O (note 2)
Global TFI

O (note 2, note 3)
PS Handover Indications

O
CS Indication

O (note 3)

Inter RAT Handover Info
Octet 1

IEI

Octet 2, 2a

Length Indicator

Octets 3-?

Inter RAT Handover Information 

	UE Information elements

(= INTER RAT HANDOVER INFO)
Predefined configuration status information

OP

Predefined configuration status information compressed

OP

UE security information

OP

UE security information2

OP

UE Specific Behaviour Information 1 interRAT

OP

UE capability container

OP

>UE radio access capability

MP

>UE radio access capability extension

MP

UE radio access capability compressed
OP

UE radio access capability comp 2
OP

Other Information elements

UE system specific capability

OP;

1 to <max
System

Capability>

>Inter-RAT UE radio access capability 

MP

Failure cause

OP

Protocol error information

CV-ProtErr
Inter-RAT UE radio access capability

CHOICE system

MP

>GSM

>>Mobile Station Classmark 2
MP

>>Mobile Station Classmark 3
MP

>>MS Radio Access Capability
OP

>GERAN Iu

>>MS GERAN Iu mode Radio Access Capability

MP

>cdma2000

>>cdma2000Message

MP

>>>MSG_TYPE(s)

MP

>>>cdma2000Messagepayload(s)

MP

>E-UTRA

>> UE-EUTRA-Capability
MP


	HandoverPreparationInformation ::=    SEQUENCE {


…….. handoverPreparationInformation-r8
HandoverPreparationInformation-r8-IEs,


……….
}

HandoverPreparationInformation-r8-IEs ::= SEQUENCE {


………

as-Context
  AS-Context,


………
}

__________________________________
AS-Context ::=


SEQUENCE {
ue-RadioAccessCapabilityInfo


OCTET STRING (CONTAINING UECapabilityInformation),


………
}

__________________________________

UECapabilityInformation ::=

SEQUENCE {

rrc-TransactionIdentifier


RRC-TransactionIdentifier,

criticalExtensions


CHOICE {


c1 CHOICE{

ueCapabilityInformation-r8
UECapabilityInformation-r8-IEs,

spare7 NULL, spare6 NULL, spare5 NULL, spare4 NULL, spare3 NULL, spare2 NULL, spare1 NULL

},

criticalExtensionsFuture

SEQUENCE {}

}

}

__________________________________

UECapabilityInformation-r8-IEs ::=
SEQUENCE (SIZE (1..maxRAT-Capabilities)) OF SEQUENCE {

rat-Type
RAT-Type,

ueCapabilitiesRAT-Container


OCTET STRING,

nonCriticalExtension
SEQUENCE {}
OPTIONAL

}

__________________________________
ueCapabilitiesRAT-Container is:

· E-UTRAN: 36.331 UE-EUTRA-Capability
· UTRAN: 25.331 INTER RAT HANDOVER INFO message
· GERAN CS: octet string holding 24.008 Classmarks 2 and 3
· GERAN PS: 24.008 MS Radio Access Capability

· Cdma2000: CDMA2000-1xRTT Bandclass


Table 1

Formats of the Source to Target Containers
The E-UTRAN, UTRAN, GERAN PS and GERAN CS capabilities are each coded according to their source specifications in all transparent containers, so no re-coding is required when transferring the capabilities of an incoming transparent container to an outgoing at a subsequent handover. Only simple actions are required, i.e. exchange a “wrapper” consisting of ‘Element Identifier’ and ‘Length’ and (in some cases) split or combine Classmarks 2 and 3 into 2 or 1 octet string. 
Also, at handover to UTRAN, Classmark 2 and 3 are mandatory in the GERAN part of the Source RNC to Target RNC Transparent Container, and if those IEs are not available in E-UTRAN, then eNB must create “dummy IEs” or omit all GERAN capabilities.
It can be noted that the handling of cdma2000 capabilities is only updated in E-UTRAN, i.e. Rel-8 is only planned for network cooperation cdma2000 (AS and NAS) ↔ E-UTRAN/SAE with no GERAN or UTRAN involved. This seems consistent with current deployment plans and can be extended in the future, if needed.
It can be noted that the handling of EPS/E-UTRAN security capabilities has been corrected by R2-091089 and EPS/E-UTRAN security capabilities are thus removed from the AS transparent containers.
Handling of START

Since RAN2 has already made a decision on alternative 1 below, nothing more is required unless coming LS responses will motivate. 

For completeness some possible alternatives are shown below:

	Alternative
	Description
	Drawbacks

	0
	E-UTRAN never trusts the validity of UTRAN capabilities provided in the transparent container from other RATs, but always re-reads the UTRAN capabilities from the UE
	Disables the enhancement that air interface need not be loaded, but MME-stored values can be trusted. This option was discarded prior to the email discussion.

	1
	START is set to zero by source eNB and UE at (successful) handover to UTRAN.
	Requires eNB to manipulate a UTRAN message

	2
	START is set to zero by target UTRAN and UE at (successful) handover from E-UTRAN.
	Violates source adapts to target principle.

This alternative requires that the target is informed about source RAT (currently not the case). 
It can be noted that 33.401, subclause 9.2.1, does not say if source or target side sets START=0.

	3
	Ensure that UTRAN START values are set =0 when in E-UTRAN. This is achieved by:

a) UTRAN capabilities (= INTER RAT HANDOVER INFO) are never sent from GERAN to E-UTRAN 1
b) UTRAN RNC (and UE) shall set START=0 when sending the UTRAN capabilities to E-UTRAN at handover preparation 2,3
c) A UE in E-UTRAN shall set START=0 when sending UTRAN capabilities

Note 1: alternatively eNB considers UTRAN capabilities as ‘invalid’, if received from GERAN. But that violates “source adapts to target principle”
Note 2: UE modification of START is probably reverted if handover fails.

Note 3: UTRAN could also do as GERAN in bullet a), i.e. not forward the UTRAN capabilities. But that will cause unnecessary uploading of capabilities. 
	Adds another set of ‘special rules’ to the already rather messy handling of UE capabilities


Table 2

Alternatives for handling of START values at handover E-UTRAN→UTRAN 

Alternative 1 implies that the eNB shall set IEs ‘UE security information’ and ‘UE security information2’ to zero, i.e. the eNB must partially decode the UTRAN message INTER RAT HANDOVER INFO, in order to set the correct IEs to zero: 
	INTER RAT HANDOVER INFO

	Information Element/Group Name
	Need
	Semantics description
	Version

	Radio Bearer IEs
	
	
	

	Predefined configuration status information
	OP
	
	

	Predefined configuration status information compressed
	OP
	
	REL-5

	UE Information elements
	
	
	

	UE security information
	OP
	= START-CS (Bit string (20))
	

	UE security information2
	OP
	= START-PS (Bit string (20))
	REL-6

	UE Specific Behaviour Information 1 interRAT
	OP
	This IE shall not be included in this version of the protocol
	

	UE capability container
	OP
	
	

	>UE radio access capability
	MP
	
	

	>UE radio access capability extension
	MP
	Although this IE is not always required, the need has been set to MP to align with the ASN.1
	

	UE radio access capability compressed
	OP
	
	REL-5

	UE radio access capability comp 2
	CV-Fdd
	
	REL-6


Table 3
Location of START values to modify 

Handling of Predefined Configurations

This was mentioned as a potential open issue at RAN2 #64bis. However, 25.331 V850, subclause 8.1.16.3 “INTER RAT HANDOVER INFO message contents to set” is already updated for E-UTRAN (extract enclosed in Appendix).
It is already specified that no “predefined configuration” are included in the UTRAN UE capabilities sent to E-UTRAN, i.e. both “Predefined configuration status information” and “Predefined configuration status information compressed” shall be excluded. Since E-UTRAN is expected to have relatively large air interface bandwidth, the need for “predefined configuration” is small and the already existing design is appropriate and should not be changed.

As a side-effect, this makes START-CS and/or START-PS the two first IEs, which can make the setting of START-CS and/or START-PS slightly simpler.
	INTER RAT HANDOVER INFO

	Information Element/Group Name
	Need
	Semantics description
	Version

	Radio Bearer IEs
	
	
	

	Predefined configuration status information
	OP
	IE excluded
	

	Predefined configuration status information compressed
	OP
	IE excluded
	REL-5

	UE Information elements
	
	
	

	UE security information
	OP
	= START-CS (Bit string (20))
	

	UE security information2
	OP
	= START-PS (Bit string (20))
	REL-6

	UE Specific Behaviour Information 1 interRAT
	OP
	IE excluded
	

	UE capability container
	OP
	
	

	>UE radio access capability
	MP
	IE included, excluding IEs "RF capability FDD" and "Measurement capability"
	

	>UE radio access capability extension
	MP
	IE included,  including the IEs "RF capability FDD extension" and the "Measurement capability extension" associated with each supported UTRA FDD frequency band indicated in the IE "Frequency band".
	

	UE radio access capability compressed
	OP
	IE excluded
	REL-5

	UE radio access capability comp 2
	CV-Fdd
	IE included
	REL-6


Table 4
  IEs included in INTER RAT HANDOVER INFO sent to E-UTRAN by UTRAN FDD capable UE
The rules in 25.331 only regulate what the UE sends to eNB. Remaining question is if UTRAN or GERAN shall forward Predefined configurations at handover to E-UTRAN. For GERAN it is undesirable to manipulate the INTER RAT HANDOVER INFO, The alternative is that GERAN does not forward INTER RAT HANDOVER INFO (same as bullet a) in Table 2). For UTRAN, the source RNC (and UE) clears the predefined Information IEs at handover to E-UTRAN (corresponding to bullet b) in Table 2).
Companies positions

	Issue 1
	How should START-values be handled at (successful) handover from E-UTRAN to UTRAN?

	Ericsson
	The already agreed alternative 1 is the best compromise. The complexity of manipulating the INTER RAT HANDOVER INFO is manageable. No strong opinion.

	Samsung (offline)
	“Alternative 1” seems a bit simpler than “alternative 3”, but no strong opinion.

	NSN
	"Source adapts to target principle" shall be followed (which excludes alternative 2).

For Alternative 1, as I mentioned during the meeting I consider it is very strange that eNB has to manipulate UTRAN message. Regardless whether START value should be set to zero or not, I don't want eNB has to change the value of START. Thus in case we go for "START sets to zero", I would say, UE shalll set START to zero in case INTER RAT HANDOVER INFO is requested in LTE side.
In case UMTS ->  LTE HO, UMTS sets the START value to zero. In case of GSM -> LTE HO, I would say LTE should ignore UMTS capability if BSS provides and acquire from either UE or MME.
By doing this, eNB doesn't need to look into the INTER RAT HANDOVER INFO message.
Also for the alternative 1 ("START set to zero"), UE doesn't change the START value in the source but it has to set the START value intellegently depending on the source RAT type. Thus probably we will need some clarification in the 25.331.

	Huawei
	Support NSN specifically with the need for the heNB to open up UTRAN messages and tinker with it.

These messages are meant to be transparent. We are still considering options on the way forward for interworking, But we would like to express our worries on adopting proposal 1.

In order for UTRAN to interoperate with LTE many changes have to be made wrt IDLE mode. It is important that initially roll-out of networks handover from LTE -> UTRA be supported and a minimal change is needed in UTRA for this to avoid the eNB from opening up the message. We see that doing this would link unnecessarily the Uu protocol version of UTRA to LTE eNB and cause problems for network IOT and roll-out.


	Issue 2
	Should Predefined configurations be used or configured while in E-UTRAN

	Ericsson
	No, they should not be used. The already defined rules in 25.331 V850 are correct. Additional rules are needed in 25.413 regarding source RNC actions and in 25.331 regarding UE configuration of INTER RAT HANDOVER INFO. Additional rules are needed in 36.413 regarding omission of INTER RAT HANDOVER INFO, if sent from GERAN.

	NSN
	For Issue2, we agree that predefined configuration should not be used. Thus in case INTER RAT HANDOVER INFO is requested in LTE side, UE shall not include predefined configuration status information.

	Huawei
	We agree with Nokia for issue 2.


Proposed way forward

Regarding START, alternatives 2 and 3 seem not excluded and probably alternative 3 has a larger support. Alternative 3 has the benefit that RAN2 can manage the whole change, while alternative 2 requires RAN3 changes (target must be made aware of source system = E-UTRAN).
Regarding Pre-defined configurations, there is consensus that such configurations shall not be used in E-UTRAN. In fact, a large part of this is already implemented in 25.331.

Reference [7] is a draft CR for 25.331, based on these working assumptions. Additionally, a CR for 36.331 is needed, adding the rule to delete INTER RAT HANDOVER INFO at handover GERAN→E-UTRAN.
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Extract from 25.331 V850, subclause 8.1.16.3:

Comments added inline marked with <red text>. Purpose of comments is to analyze if “compressed capabilities” shall be reported by the UE when in E-UTRAN. The conclusion is that “compressed capabilities” shall not be reported in this case.
8.1.16.3
INTER RAT HANDOVER INFO message contents to set
The UE shall:

1>
include the IE "UE security information", and the IE "UE security information2" if supported by the UE; and

1>
not include the IE "UE Specific Behaviour Information 1 interRAT".

1>
in case support for the compressed version of the inter RAT handover info is indicated via the other radio access technology: <not indicated by E-UTRA, so this case does not apply. Should be stated in 36.300. Currently only GERAN can include such an indication. This text excludes the possibility of UE sending the “Predefined configuration status information compressed” and “UE radio access capability compressed” while in E-UTRAN>

2>
if the other radio access technology is not E-UTRA:

3>
include of the following IEs the IE that after encoding has the smallest size: IE "Predefined configuration status information compressed" or the IE "Predefined configuration status information".

2>
include the IE "UE radio access capability compressed". 

1>
else:

2>
if the other radio access technology is not E-UTRA: <does not apply for E-UTRA, i.e. ‘normal’ “Predefined configuration status information” shall not be included by the UE while in E-UTRAN.>
3>
include the IE "Predefined configuration status information".

2>
include the IE "UE capability container", containing the IE "UE radio access capability" and the IE "UE radio access capability extension", in accordance with the following:

3>
if the UE supports multiple UTRA FDD Frequency Bands; or

3>
if the UE supports a single UTRA FDD Frequency Band different from Band I [21]; or

3>
if the UE supports E-UTRA: <in E-UTRA, this case overrides the two lines above>
4>
include the IE "UE radio access capability", excluding IEs "RF capability FDD" and "Measurement capability";

4>
include the IE "UE radio access capability extension", including the IEs "RF capability FDD extension" and the "Measurement capability extension" associated with each supported UTRA FDD frequency band indicated in the IE "Frequency band", but may omit all or part of these IEs for supported inter-RAT bands.

3>
else:

4>
include the IE "UE radio access capability", including the IEs "RF capability FDD" and "Measurement capability" associated with the Band I [21];

4>
include the IE "UE radio access capability extension", including the IEs "RF capability FDD extension" and the "Measurement capability extension" associated with each supported UTRA FDD frequency band indicated in the IE "Frequency band".

1>
For FDD, include the IE "UE radio access capability comp 2";

1>
initiate the transfer of the INTER RAT HANDOVER INFO message via the other radio access technology, using radio access technology-specific procedures;

1>
store the following in the variable INTER_RAT_HANDOVER_INFO_TRANSFERRED if they were included in the INTER RAT HANDOVER INFO message:

2>
the IE "Predefined configuration status information";

2>
the IE "Predefined configuration status information compressed";

2>
the IE "UE security information";

2>
the IE "UE security information2";

2>
the IE "UE radio access capability";

2>
the IE "UE radio access capability extension"; and

2>
the IE "UE radio access capability compressed";

2>
if the IE "UE radio access capability compressed" were included in the INTER RAT HANDOVER INFO message:

3>
set the IE "Security Capability" to the mandatory R99 algorithms.

1>
and the procedure ends.

Overview of “alternative 3”

This alternative results in:

1 Only UTRAN and UE need to modify INTER RAT HANDOVER INFO. GERAN and E-UTRAN can handle it as a container.

2 E-UTRAN needs only update UE capabilities once to MME. The MME-stored capabilities remain valid as long as the UE is ‘Attached’.

3 “Source adapts to target principle” is obeyed (in RAN)

4 There will be ‘unnecessary’ (a) setting of START=0 and (b) removal of pre-defined configuration at sequential handovers UTRAN→E-UTRAN→GERAN→UTRAN

5 There will be “extra” fetching of UE capabilities at GERAN→E-UTRAN handover

6 At all IDLE mode changes, e.g. UTRAN→E-UTRAN→UTRAN, the key derivation will modify keys, hence there is no security issue with always setting START=0 in E-UTRAN.
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