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1 Introduction

This contribution discusses the transfer of UE capabilities in case of eCA, in particular focussing on the signalling across network interfaces that is needed to ensure backwards compatibility. In case RAN2 agrees that a) simultaneous transfer both formats across network nodes should be supported, and b) by means of a single EUTRA capability container, there seems a need to introduce some clarification in 36.331.
2 Discussion

Compatibility

RAN2 discussed the issue of compatibility, in particular of the UE capability exchanged between network nodes having different support. In our understanding there would be a compatibility issue if a legacy node would receive fields which contents are affected by a network request introduced in a later version, not comprehended by that node.
· The contents of supportedBandCombination is affected by requestedFrequencyBands i.e. only CA bands (even 2DL- 1UL) are included that comprise of requested bands, if requested. This is however a REL-11 issue
· The contents of supportedBandCombination is affected by requestedMaxCCsXL i.e. only CA bands (but not 2DL- 1UL) are included upto the indicated number of CCs, if requested. This however only affects legacy nodes supporting a higher limit than used in the UE capability reqest (lowest value is 2).

· The contents of supportedBandCombination is affected by requestReducedIntNonContComb i.e. intra-band non-contiguous CA bands covered by other included CA bands are included excluded, if requested. In practice, this is not assumed an issue as this optimisation does not apply for legacy bands

In accordance with the following, we propose RAN2 to consider introducing the following eNB recommendation:
Proposal 1
When requesting the UE to provide EUTRA capabilities to be forwarded to legacy nodes, the eNB should apply the following constraints for the eNB requested fields:

· requestedFrequencyBands: omit, or set to include all bands supported by the legacy nodes
· requestedMaxCCsXL: omit, or set to a value at least equal to the one supported by the legacy nodes
· requestReducedIntNonContComb: omit, if legacy nodes supports bands which setting in supportedBandCombination would be affected by this field
Need to simultaneously transfer both formats across network nodes

RAN2 agreed that the UE only signals a single format at a time. Simultanous transfer of both formats across network interfaces has so far however not been excluded. Some remarks:
· Across X2 a single format should be sufficient, as source eNB should be able to know format supported by target eNB (e.g. based on OAM)

· Across S1 it seems undesirable to use both formats, as it would significantly increase the MME memory requirements. The new format should only be stored if all eNBs support it

· The network may include HeNBs not supporting the new format. In such cases, HeNB might just transfer the legacy format to MME while other eNBs would transfer the new format. If the UE does not frequently switch between the two types of eNB, such approach would not result in much additional capability retrieval related signalling

We think that sultanous transfer of both formats across network interfaces has specification impacts and hence propose the following: 
Proposal 2
RAN2 is requested to discuss and conclude whether there is a need to support simultaneous transfer of both UE capability formats across network interfaces (X2, S1)

How to transfer both formats across network nodes

In case RAN2 concludes there is a need to support simultaneous transfer of both UE capability formats across network interfaces, there are some further details to be considered. The eNB would now need to construct the information to be forwarded to another network node based on UE capability information received in two different Uu messages, i.e. message 2 and 4 in the figure below.
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Fig. 1 Transfer of UE capabilities versions (legacy & compact format)

It should be noted that the UE capabilities of each RAT are carried inside a container, see below.

UE-CapabilityRAT-ContainerList ::=SEQUENCE (SIZE (0..maxRAT-Capabilities)) OF UE-CapabilityRAT-Container

UE-CapabilityRAT-Container ::= SEQUENCE {


rat-Type






RAT-Type,


ueCapabilityRAT-Container


OCTET STRING

}

Note
HandoverPreparationInformation carries the information by IE UE-CapabilityRAT-ContainerList, while SCG-ConfigInfo and UERadioAccessCapabilityInformation carry the entire Uu message (UECapabilityInformation) within a container. The Uu message again includes the IE UE-CapabilityRAT-ContainerList.
In principle there are two ways to forward the information received in two different Uu messages:

· Option 1: Use a 2nd container for EUTRA capabilities using the new format

· Option 2: Use a single container

The 1st option is simple, but involves duplication of most UE capabilities. Let’s thus consider the 2nd option a bit more. The UE sets all fields in the 2 messages to exactly the same value, with the exception of:

a) The network requested fields (see earlier discussion)

b) The fields containing the supported band combinations

In case the eNB observes the setting as recommended in proposal 1, it should be possible to work with a single value on the network interfaces, both for the network requested fields and the supported band combination fields. In case the source eNB applies the guidelines as formulated in proposal 1, the network requested fields do not affect the bands combinations information supported by the legacy nodes. In such cases, it should be possible to just include the value used when requesting the new format. The following table provides some further details, also illustrating that for the supported band combination fields there is no ambiguity either.

	Field
	Remarks
	Single value covers

	Network requested fields
	

	requestedFrequencyBands-r11
	Affects both formats
	Message 4 – corresponding to reduced format

	requestReducedFormat-r13
	-
	-

	requestSkipFallbackComb-r13
	Only affects reduced format
	Message 4 – corresponding to reduced format

	requestedMaxCCsDL-r13
	Affects both formats
	Message 4 – corresponding to reduced format

	requestedMaxCCsUL-r13
	Affects both formats
	Message 4 – corresponding to reduced format

	requestReducedIntNonContComb-r13
	Affects both formats, but only if requestedBands is not used
	Message 4 – corresponding to reduced format

	Supported band combinations
	

	supportedBandCombination
	Only present if new format is not requested
	Message 2

	supportedBandCombinationAdd
	Only present if new format is not requested and if specific bands are requested
	Message 2 (but may not be relevant for legacy node)

	supportedBandCombinationReduced
	Only present if new format is requested
	Message 4


Tab. 1 Handling of fields which value differs in the two Uu capability messages

Option 2 seems most attractive as it involves much less signalling and seems feasible. We however think that some clarification is required in case this approach is adopted. Anyhow, we have no strong preference and hence propose:
Proposal 3
If RAN2 considers that simultaneous transfer both formats across network nodes should be supported, RAN2 is requested to review and conclude whether to use one or two containers. When adopting a one container approach, some clarification should be included.  
3 Conclusion & recommendation
This contribution discusses the transfer of UE capabilities in case of eCA. The document includes the following proposal that RAN2 is requested to discuss and conclude:

Proposal 1
When requesting the UE to provide EUTRA capabilities to be forwarded to legacy nodes, the eNB should apply the following constraints for the eNB requested fields:

· requestedFrequencyBands: omit, or set to include all bands supported by the legacy nodes

· requestedMaxCCsXL: omit, or set to a value at least equal to the one supported by the legacy nodes

· requestReducedIntNonContComb: omit, if legacy nodes supports bands which setting in supportedBandCombination would be affected by this field

Proposal 2
RAN2 is requested to discuss and conclude whether there is a need to support simultaneous transfer of both UE capability formats across network interfaces (X2, S1)

Proposal 3
If RAN2 considers that simultaneous transfer both formats across network nodes should be supported, RAN2 is requested to review and conclude whether to use one or two containers. When adopting a one container approach, some clarification should be included.  

A corresponding text proposal is provided in the annex, that RAN2 is requested to review depending on the outcome of the discussion.

4 References

[1] TS 36.331 Radio Resource Control
A Text proposal (Annex)
–
HandoverPreparationInformation
This message is used to transfer the E-UTRA RRC information used by the target eNB during handover preparation, including UE capability information.

Direction: source eNB/ source RAN to target eNB

HandoverPreparationInformation message

-- ASN1START

HandoverPreparationInformation ::=
SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




handoverPreparationInformation-r8
HandoverPreparationInformation-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

HandoverPreparationInformation-r8-IEs ::= SEQUENCE {


ue-RadioAccessCapabilityInfo

UE-CapabilityRAT-ContainerList,


as-Config






AS-Config




OPTIONAL, 

-- Cond HO


rrm-Config






RRM-Config




OPTIONAL,


as-Context






AS-Context



OPTIONAL, 

-- Cond HO


nonCriticalExtension



HandoverPreparationInformation-v920-IEs

OPTIONAL

}

HandoverPreparationInformation-v920-IEs
::= SEQUENCE {


ue-ConfigRelease-r9




ENUMERATED {











rel9, rel10, rel11, rel12, v10j0, v11e0,











v1280, rel13, ...} 


OPTIONAL, 
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v9d0-IEs

OPTIONAL

}

HandoverPreparationInformation-v9d0-IEs
::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING HandoverPreparationInformation-v9j0-IEs)
OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v9e0-IEs


OPTIONAL

}

-- Late non-critical extensions:

HandoverPreparationInformation-v9j0-IEs ::= SEQUENCE {


-- Following field is only for pre REL-10 late non-critical extensions

lateNonCriticalExtension


OCTET STRING




OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v10j0-IEs

OPTIONAL

}

HandoverPreparationInformation-v10j0-IEs ::= SEQUENCE {

as-Config-v10j0





AS-Config-v10j0


OPTIONAL,


-- Following field is only for late non-critical extensions from REL-10

nonCriticalExtension



SEQUENCE {}



OPTIONAL
}

-- Regular non-critical extensions:
HandoverPreparationInformation-v9e0-IEs
::= SEQUENCE {


as-Config-v9e0





AS-Config-v9e0




OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v1130-IEs

OPTIONAL

}

HandoverPreparationInformation-v1130-IEs
::= SEQUENCE {


as-Context-v1130




AS-Context-v1130



OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v1250-IEs





OPTIONAL

}

HandoverPreparationInformation-v1250-IEs ::= SEQUENCE {


ue-SupportedEARFCN-r12 



ARFCN-ValueEUTRA-r9



OPTIONAL,
-- Cond HO3


as-Config-v1250




AS-Config-v1250



OPTIONAL, 
-- Cond HO2 


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

-- ASN1STOP

	HandoverPreparationInformation field descriptions

	as-Config

The radio resource configuration. Applicable in case of intra-E-UTRA handover. If the target receives an incomplete MeasConfig and RadioResourceConfigDedicated in the as-Config, the target eNB may decide to apply the full configuration option based on the ue-ConfigRelease.

	as-Context

Local E-UTRAN context required by the target eNB.

	rrm-Config

Local E-UTRAN context used depending on the target node’s implementation, which is mainly used for the RRM purpose.

	ue-ConfigRelease

Indicates the RRC protocol release or version applicable for the current UE configuration. This could be used by target eNB to decide if the full configuration approach should be used. If this field is not present, the target assumes that the current UE configuration is based on the release 8 version of RRC protocol. NOTE 1.

	ue-RadioAccessCapabilityInfo

NOTE 2, NOTE 3

	ue-SupportedEARFCN
Includes UE supported EARFCN of the handover target E-UTRA cell if the target E-UTRA cell belongs to multiple frequency bands.


NOTE 1:
The source typically sets the ue-ConfigRelease to the release corresponding with the current dedicated radio configuration. The source may however also consider the common radio resource configuration e.g. in case interoperability problems would appear if the UE temporary continues extensions of this part of the configuration in a target PCell not supporting them.

NOTE 2:
The following table indicates per source RAT whether RAT capabilities are included or not.

	Source RAT
	E-UTRA capabilites
	UTRA capabilities
	GERAN capabilities

	UTRAN
	Included
	May be included, ignored by eNB if received
	May be included

	GERAN CS
	Excluded
	May be included, ignored by eNB if received
	Included

	GERAN PS
	Excluded
	May be included, ignored by eNB if received
	Included

	E-UTRAN
	Included
	May be included
	May be included


NOTE 3:
The UE capability information may include information from two different UECapabilityInformation received from the UE. I.e. a first message carrying information suitable for legacy network nodes and a second message carrying information suitable for more advanced network nodes (e.g. using supportedBandCombinationReduced). In such case, the network requested fields correspond to the second message i.e. it may be assumed that network requested fields did not affect the bands combinations included in supportedBandCombination and supportedBandCombinationAdd – or at least not band combinations supported by the legacy nodes.

	Conditional presence
	Explanation

	HO
	The field is mandatory present in case of handover within E-UTRA; otherwise the field is not present.

	HO2
	The field is optional present in case of handover within E-UTRA; otherwise the field is not present.

	HO3
	The field is optional present in case of handover from GERAN to E-UTRA, otherwise the field is not present.


B Background information (Annex)

The following table summarises the eNB requested options

	Field
	Configuration constraints

	requestedFrequencyBands-r11
	None

	requestReducedFormat-r13
	None

	requestSkipFallbackComb-r13
	Performed only if reduced format is used

	requestedMaxCCsDL-r13
	None

	requestedMaxCCsUL-r13
	None

	requestReducedIntNonContComb-r13
	Performed only if requestedBands is not used


The overall procedure text can be summarised as follows

	requestedBands (requested and supported)
	Else

	Compile a list of candidate BCs

1) Add to candidate list, in the following order of priority:

a. Non-CA,

b. 2DL+ 1UL only comprising requested bands,

c. Others only comprising requested bands, prioritised acoording to requestedBands

2) Remove candidates beyond maxCC

a. Both limits

b. DL limit only

c. UL limit only

3) Process candidates that are fallback of other candidate (only if new format used)

a. Remove if capabilities are same as of parent

b. Otherwise add field ‘different’


	Compile a list of candidate BCs

1) Add to candidate list, in the following order of priority:

a. Non-CA,

b. 2DL+ 1UL,

c. Other upto 5DL+ 5UL if not reducedFormat <CR in R2-162280>
2) Remove candidates beyond maxCC

a. Both limits

b. DL limit only

c. UL limit only

3) Remove intra-band non contiguous candidates covered by other candidate

4) Process candidates that are fallback of other candidate (only if new format used)

a. Remove if capabilities are same as of parent

b. Otherwise add field ‘different’



	Include the list of BCs in message

4) If reduced format

a. Include as many candidates in suppBC-Reduced

5) Else

a. Include as many candidates upto 5DL+ 5UL in suppBC

b. Include as many remaining candidates upto 5DL+ 5UL in suppBC-Add


	Include the list of BCs in message

5) If reduced format

a. Include as many candidates in suppBC-Reduced

6) Else

a. Include as many candidates in suppBC upto 5DL+ 5UL
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