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Transfer of terminal capabilities during inter-RAT handover
1 Introduction
During inter-RAT handover, it is mandatory that the terminal capabilities for the target RAT are provided by the source RAT. With the introduction of E-UTRAN, the procedures for the network to acquire terminal capabilities and to transfer them during inter-RAT handover to/from E-UTRAN will need to be defined.

Recently, the topic of UE capabilities to be sent during inter-RAT handover has been discussed by RAN2 [1]. As GERAN is also affected, in the present document the topic is discussed from a GERAN perspective. The paper also aims to provide a summary of some of the issues highlighted during the discussion in RAN2.
2 Inter-RAT handover principles

Although with some variations across the different RATs, the principles for inter-RAT handover are as shown in Figure 1. Depending on the RAT, a RAN node could be a BSS, RNC or eNB, whereas a CN node could be an MSC, SGSN or MME.

The transparent container sent from the source RAT to the target RAT must contain the mobile station capabilities for the target RAT to allow the target RAN node to construct the handover message. For example, this information is used by the target RAT to avoid assigning to the mobile station a channel in a frequency band not supported by the mobile or to avoid assigning channels that exceed the physical capabilities of the terminal. The handover message is sent back to the source RAN node in the transparent container sent from the target RAT to the source RAT. The handover message is encoded according to the specifications of the target RAT, hence the source RAN node is unable to decode the message, and it simply relays it to the mobile.

At inter-RAT handover, the source RAN node may send to the target network, in addition to the UE capabilities for the target RAT, also the UE capabilities for other RATs (if available)
. These are also included in the source to target transparent container, encoded according to the specifications of the RAT that they belong to. While sending the capabilities for the target RAT is mandatory
, sending the terminal capabilities for other RATs (i.e. RATs other than the target RAT) is optional, and obviously can be sent only if available to the source BSS/RNC/eNB. These capabilities can then be used in case of subsequent inter-RAT handovers from the target RAT to other RATs (including possibly back to the source RAT) with the advantage of reduced signalling over the air interface. If certain RAT capabilities are not provided during inter-RAT handover, they could be requested from the UE in the target RAT.
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Figure 1 – General principles for inter-RAT handover
For example, in case of handover to UTRAN, the “Source RNC to Target RNC transparent container” (defined in TS 25.413) includes the message INTER RAT HANDOVER INFO WITH INTER RAT CAPABILITIES (defined in TS 25.331); the “INTER RAT HANDOVER INFO” part contains the UTRAN capabilities (plus other information, e.g. security information or information about the predefined configurations), whereas the “WITH INTER RAT CAPABILITIES” part contains the capabilities for RATs other than UTRAN.

A summary for all the 3GPP technologies is provided in the Annex.
In order to avoid possible confusion, it is worth noting that the terminal capabilities for a RAT include some minimum information about the support of other RATs (for example, the Classmark 3 and the MS RAC in GERAN contain the “E-UTRA FDD support” bit and the “E-UTRA TDD support” bit for E-UTRA, used e.g. to decide whether a connection in GERAN can be handed over to E-UTRAN or not); however, this is only the minimum needed while the mobile is served by that RAT, not the full capabilities required by a target RAT.

When sending the RELOCATION REQUIRED / HANDOVER REQUIRED message, the source RAN node needs to encode the transparent container according to the specifications of the target RAT (because of the principle that “source adapts to target”). In particular, it needs to take different pieces of information (the terminal capabilities for each RAT), ‘label’ them and concatenate them into a message so that the target can recover each one of them (i.e. determine where each octet string starts and ends, and which RAT it belongs to). In practice, the source RAT needs to break down the inter-RAT capabilities into the single octet strings for each RAT and ‘repackage’ them in a message which is encoded according to the specifications of the target RAT. For example in case of handover from GERAN, the BSS needs to be able to encode the “Source RNC to Target RNC Transparent Container” (for handover to UTRAN) or the “Source eNB to Target eNB Transparent Container” (for handover to E-UTRAN) using the encoding of the particular target RAT (ASN.1 in both cases); for each inter-RAT capability octet string, it needs to signal which RAT it belongs to (there is no specified order). So a GERAN BSS needs to have some knowledge of ASN.1; similarly, a UTRAN RNC or a E-UTRAN eNB need to have some knowledge of TLV to encode the messages for handover to GERAN.

3 Encoding of capabilities in Preparation Phase signalling

Although it should be possible (but not mandatory) for the network to transfer to the target RAT the terminal capabilities of RATs other than the target RAT (subject to message size constraints), it is up to the network to decide whether to request inter-RAT capabilities in the current RAT and forward them to the new RAT (via the core network) during inter-RAT handover, or whether they should be requested from the UE over the air interface once in the new RAT. Each solution has advantages and disadvantages (which may depend on the target RAT; for example, if the target RAT is GERAN, it is preferable to provide the capabilities via the core network, due to the limited data rates of the GERAN control channels). The final choice should be left to the network operator, as it may be based on the particular configuration scenarios of each network.
For example, let’s assume the case of a BSS that does not support handover from GERAN to E-UTRAN, but supports GERAN→UMTS handover; assuming that it is possible to include E-UTRAN capabilities in GERAN→UMTS handover signalling, it is up to the GERAN network whether or not to acquire those capabilities from the mobile station. If UMTS→E-UTRAN handover is supported in the network then, since the RNC must support a mechanism to obtain the E-UTRAN capabilities, it is not essential that these are obtained from the mobile in GERAN. However, within the GERAN specifications, mechanisms must be available to obtain the terminal capabilities required in the preparation phase of handover to any RAT.
To summarise:

· a BSS supporting handover to a particular RAT shall obtain the terminal capabilities for the target RAT prior to handover (in order to initiate the preparation phase signalling), and shall support the mechanisms for obtaining these capabilities;

· it is up to the source RAT to determine whether or not to obtain other inter-RAT capabilities of a mobile while the mobile is in the source RAT.

Note that in [7]and [8] it is proposed for the source RAN node to always transfer the full set of radio capability information for all of the 3GPP RATs that that UE supports. The sourcing companies believe that this is not required, and may add unnecessary complexity to the inter-RAT handover procedures.
4 Mechanisms for obtaining the inter-RAT capabilities

Let’s assume that the mobile camps on a particular RAT. At call setup, the serving RAN node (BSS/RNC/eNB) receives the MS/UE capabilities for the serving network. In addition to these, the serving RAN node may also receive the capabilities for other RATs. This could occur through different mechanisms; depending on the RAT, either from the mobile itself or from the core network:

· in E-UTRAN the MME stores the UE Capability information
 and sends (if it is available) its most up to date information in the “UE Radio Capability” IE (36.413/9.2.1.27) to the eNB in the INITIAL CONTEXT SETUP REQUEST message (36.413/9.1.4.1);
· in UTRAN they are sent by the UE to the RNC at call set-up in the RRC CONNECTION SETUP COMPLETE message, which includes the “Inter-RAT UE radio access capability” IE (25.331/10.3.8.7); the network signals to the UE which RATs it should send capabilities for by means of the “Capability Update Requirement” IE (25.331/10.3.3.2) included in the RRC CONNECTION SETUP message;
· in GERAN PS domain, if there is support for PS handover to UTRAN, they are sent in the “Inter RAT information container” (24.008/10.5.5.24) either during the network attach phase (in the ATTACH COMPLETE message) or during a Routing Area Update (in the ROUTING AREA UPDATE COMPLETE message) as explained in TS 43.129; the network signals to the MS which RATs it should send capabilities for by means of the “Requested MS information” IE (24.008/10.5.5.25) – which includes a bit indicating whether the inter-RAT information is requested
 – included either in the ATTACH ACCEPT message or in the ROUTING AREA UPDATE ACCEPT message; these capabilities are stored in the SGSN, and provided to the BSS when a TBF is established
;
· for the GERAN CS domain, the inter-RAT capabilities are not provided at call set-up
.
Alternatively, if inter-RAT capabilities have not been provided at call setup, they could be requested during a call:

· in E-UTRAN the UE radio capabilities can be sent also in the UECapabilityInformation message (36.331/6.2.2), in response to a UECapabilityEnquiry message (36.331/6.2.2) from the network; the ue-RadioAccesCapRequest IE lists the RATs for which the UE is requested to transfer the UE radio access capabilities
;
· in UTRAN, the “Inter-RAT UE radio access capability” IE (25.331/10.3.8.7) can be sent also in the UE CAPABILITY INFORMATION message, which is sent in response to a UE CAPABILITY ENQUIRY message;
· in GERAN PS, there is no mechanism for the network to request the MS to send inter-RAT capabilities;
· in GERAN CS domain the inter-RAT capabilities are provided by the MS to the BSS during a CS call; for example, the UTRAN information is provided in the “UTRAN Classmark information element” IE (44.018/10.5.2.7a), which is sent in the UTRAN CLASSMARK CHANGE message
; the network requests the mobile station capabilities using the CLASSMARK ENQUIRY message: the “Classmark Enquiry Mask” information element in the CLASSMARK ENQUIRY message indicates the type of request; alternatively, if the network indicates to the MS to use Early Classmark Sending (44.018/3.3.1.1.4.1), the UE shall send this message as early as possible after access.
From the network’s point of view, these UE capabilities are just octet strings
; the network is not able to decode their contents. They are not used by the serving node (BSS, RNC, eNB), they are only stored and, in case of handover, passed on to the new serving node (either in the serving RAT or in another RAT).
One issue for discussion is how to obtain the E-UTRAN capabilities in GERAN. This is discussed in the following sections.

4.1 GERAN PS

Currently, if PS handover to UTRAN is supported, the UTRAN capabilities are transmitted in the ATTACH COMPLETE message and the ROUTING AREA UPDATE COMPLETE message. In order to allow the transmission of E-UTRAN information, a new E-UTRAN-specific information element could added in both messages, as shown in [11]. However, this will increase the size of the messages when both the UTRAN and E-UTRAN capabilities are transmitted, increasing the attach delay and the routing area update delay.
The network signals in the ATTACH ACCEPT and ROUTING AREA UPDATE ACCEPT messages whether the mobile shall send the inter-RAT information, by means of the “Requested MS information” IE (see subclause 10.5.5.25 of TS 24.008). At present in this IE there is only one bit for UTRAN; it needs to be decided whether this bit should be extended to cover also E-UTRAN or a separate bit for E-UTRAN should be provided. The sourcing companies believe that the second option should be preferred, in keeping with the recommendations in section 2. One of the spare bits of the “Requested MS information” IE could be used to signal to the mobile to transmit the E-UTRAN handover information. By doing so, the capabilities for UTRAN and E-UTRAN can be requested independently by the network. If the proposal given in [11] is accepted, a mobile station supporting E-UTRAN will signal its E-UTRAN capabilities to the network even if the network does not implement any interworking with E-UTRAN.
Before agreeing these changes, GERAN2 should liaise with CT1 to confirm that the proposed changes to the messages above are acceptable. In particular, it should be checked with CT1 whether there are size limitations for the ATTACH COMPLETE the ROUTING AREA UPDATE COMPLETE messages (apart from the fact that they should be kept as small as possible to reduce delay).
Regarding the possibility to define compressed E-UTRAN capabilities to be transmitted in GERAN (as opposed to always send full E-UTRAN capabilities), the sourcing companies believe that this option should be excluded for the time being (see also [1]). However, this decision could be revisited at a later stage.

4.2 GERAN CS

In Rel-8 it is not possible to have handover from the GERAN CS domain to E-UTRAN, given that in Rel-8 SR-VCC is only from E-UTRAN to GERAN (or from E-UTRAN to UTRAN) but not in the reverse direction. Even if the call is handed over to another RAT, for as long as it stays in the CS domain (or it will have a CS component parallel to a PS component), handover to E-UTRAN is not possible; so E-UTRAN capabilities are not needed even in the case of subsequent handovers. Hence for the SR-VCC case as specified in Rel-8 there is no need to signal the E-UTRAN capabilities in the GERAN CS domain; in other words, there is no need to add the possibility to carry the UE-EUTRA-Capability message (or other container including that message) to any of the messages in TS 48.008 (e.g. HANDOVER REQUIRED).
5 Size of the capabilities IEs
For IEs carrying terminal capabilities in GERAN, the maximum lengths are given below:

· The Mobile Station Classmark 2 is a field formatted as ‘TLV’ with a fixed length of 5 octets (1 octet IEI + 1 octet length + 3 octets data) (see 24.008/10.5.1.6)

· The Mobile Station Classmark 3 is a field formatted as ‘V’ with a maximum length of 34 octets
 (see 24.008/10.5.1.7)
· The MS Radio Access capability is a field formatted as ‘V’ with a maximum length of 52 octets (see 24.008/10.5.5.12a)

· The “Inter RAT information container” IE has a minimum length of 3 octets and a maximum length of 40 octets (see 24.008/10.5.5.24)

The maximum size of the UTRAN and E-UTRAN messages is of importance in defining the mechanism for transferring the inter-RAT capabilities. According to TS 24.007 (see Section 11.2.1.1.1), messages exchanged between network nodes have a maximum length of 255 octets. However, RAN2 is discussing the possibility to increase this size to 510 octets [1].
An estimation of the size of the UE radio capabilities for E-UTRAN is provided is [2].

6 Considerations for SR-VCC

The discussion in RAN2 has also focused on how to transfer the terminal capabilities in case of SR-VCC from E-UTRAN to GERAN, in particular in the case where a PS connection is handed over at the same time as a CS connection. In this case it needs to be possible for the eNB to be able to separate the GERAN CS and GERAN PS capabilities, as the former need to sent to the target MSC, while the latter need to be transferred to the target SGSN. For this reason, in [5] it is proposed for the RAT-Type IE to split the value ‘geran’ to ‘geran-ps’ and ‘geran-cs’ so that eNB can distinguish CM2/CM3 and MS RAC easily. In [6] there is some discussion on the containers required to transfer these capabilities across the network interfaces. Discussions are ongoing also to make sure that it will be possible to support the transfer of separate capabilities across the core network (see TS 29.274).
Although some of the issues are specific to E-UTRAN, GERAN2 should review the proposals made by other 3GPP groups to ensure that SR-VCC to GERAN will work correctly. In particular, the text proposal in [3] should be reviewed.
7 Further considerations
The necessary changes to the UTRAN specifications have already been made in the CRs contained in R2-084694 [9] and in R2-087436 [10]. These changes have already been implemented in the latest version of TS 25.331 (v8.5.0). In particular, in R2-087436 it is assumed that the UECapabilityInformation is the message required for the E-UTRAN capabilities. However, the UECapabilityInformation contains not only the E-UTRAN capabilities (UE-EUTRA-Capability) but also all the inter-RAT capabilities (INTER RAT HANDOVER INFO, MS RAC, etc). These latter ones are not needed (they are already included in the transparent container); hence the message that should be included in the transparent container in case of handover to E-UTRAN is the UE-EUTRA-Capability. The sourcing companies have submitted a CR to RAN2 [4] to provide the necessary corrections in TS 25.331.
However, during the RAN discussion it has been commented that it may be advantageous to decouple the E-UTRAN capabilities sent in E-UTRAN from the E-UTRAN capabilities sent in other RATs (similarly to what happens for UTRAN). As RAN2 is due to make a decision on these issues during their RAN2#64bis meeting, GERAN2 should monitor the outcome so that the solutions in all RATs are aligned.
8 Conclusions

In this contribution the mechanisms for obtaining the RAT capabilities to be exchanged during inter-RAT handover have been discussed.
In GERAN, while for UTRAN the transfer mechanism is through NAS signaling, the transfer mechanisms for terminal capabilities for usage in the target RAT in case the target RAT is E-UTRAN need to be specified. It should be discussed whether the same mechanism is to be used for E-UTRAN as well. In addition it should be decided on whether the UTRAN and E-UTRAN capabilities are sent jointly or whether there will be separate indicators for each capability set.

In case of PS handover it is mandatory that the target RAT capabilities are available in the BSS prior to handover initiation to that target RAT such that the “source adapts to target principle” can be fulfilled. In order to support subsequent handovers to other RATs it needs to be discussed whether for a GERAN/UTRAN/E-UTRAN terminal a whole set of RAT capabilities per each RAT is sent during handover or whether this choice relies on the source RAT and its support for a handover to a particular RAT. This influences also the decision on whether to have a separate indicator for E-UTRAN capabilities only in NAS signaling.

Once the principles have been endorsed by GERAN2, it is suggested to coordinate this work with CT1 and RAN2.
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10 Annex A
	
	What IE are the UE capabilities for the RAT contained in?

(NOTE 1)
	How are the capabilities for other RATs obtained in the RAT?

(NOTE 2)
	What (transparent) container is used during handover to this RAT?

(NOTE 3)
	What (RRC) message is used in inter-RAT handover to this RAT?
(NOTE 4)
	Further Notes

	E-UTRAN
	UE-EUTRA-Capability (36.331/6.3.6)
	NAS messages:

· (NOTE 5)
AS messages:
· UECapabilityInformation message (sent in response to UECapabilityEnquiry message)


	Source eNB to Target eNB Transparent Container (36.413/9.2.1.7)
	HANDOVER PREPARATION INFORMATION message (36.331/10.2.3), which includes the UECapabilityInformation message in the AS-Context IE (36.331/10.3)
	If an update of the UE radio access capabilities is requested by the eNB, the new capabilities can be transferred to the MME by means of the UE RADIO ACCESS CAPABILITY INFORMATION message (which includes the UECapabilityInformation message, see 36.331/10.2.4).

	UTRAN
	UE radio access capability (25.331/10.3.3.42) or UE radio access capability compressed (25.331/10.3.3.42o)
	AS messages:

· RRC CONNECTION SETUP COMPLETE message
· UE CAPABILITY INFORMATION message (e.g. sent in response to UE CAPABILITY ENQUIRY message)


	Source RNC to Target RNC Transparent Container (25.413/9.2.1.28)
	INTER RAT HANDOVER INFO WITH INTER RAT CAPABILITIES message, which includes both a UE capability container IE, e.g. “UE radio access capability” (25.331/10.3.3.42) or “UE radio access capability compressed” (25.331/10.3.3.42o), and the “Inter-RAT UE radio access capability” IE (25.331/10.3.8.7). This latter IE groups all the inter-RAT capabilities.
	INTER RAT HANDOVER INFO is used only during inter-RAT handover to UTRAN. During intra-RAT handover (SRNS relocation), the message sent (in the RRC container) between RNCs is SRNS RELOCATION INFO, which also includes both the UE capability container IE “UE radio access capability” (25.331/10.3.3.42) and “Inter-RAT UE radio access capability” IE (25.331/10.3.8.7).

	GERAN PS
	MS RAC (24.008/10.5.5.12a)
	NAS messages:

· ATTACH COMPLETE

· ROUTING AREA UPDATE COMPLETE

(NOTE 6)
	Source BSS to Target BSS Transparent Container (48.018/11.3.79)
	N/A. The MS RAC and the inter-RAT capabilities are directly included in the “Source BSS to Target BSS Transparent Container” (a separate IE is provided for each RAT, in TLV format).
	The UE capabilities are stored in the SGSN; if available, they are transferred to the BSS upon PFC creation.

	GERAN CS
	Classmark 2, Classmark 3 (24.008/10.5.1.6 and 24.008/10.5.1.7)
	AS messages:
· a separate message for each RAT (e.g. for UTRAN, UTRAN CLASSMARK CHANGE message, 44.018/9.1.11a), sent in response to a CLASSMARK ENQUIRY message (44.018/9.1.12).

(NOTE 7)
	Old BSS to New BSS Information (48.008/3.2.2.58)
	N/A. The inter-RAT capabilities are directly included in the “Old BSS to New BSS Information” (a separate IE is provided for each RAT, in TLV format).
	(NOTE 8)


(NOTE 1)
In other words, which UE information does the target RAN node need in order to construct the handover message?
(NOTE 2)
Inter-RAT capabilities are encoded according to the specifications for the relevant RAT.

(NOTE 3)
Containers over the network interfaces (i.e. S1AP/RANAP/BSSGP/etc. containers), used to pass information between network nodes. They are used both in intra-RAT handover and in inter-RAT handover (due to the principle of “source adapts to target”).

(NOTE 4)
This is inserted in the “RRC Container” which is included in the transparent container.

(NOTE 5)
Not clear from the current version of TS 24.301 (v.8.0.0). Further details can be found from the Stage 2 specification (TS 23.401).

(NOTE 6)
These messages are used for the current RATs. The mechanism for E-UTRAN is yet to be defined. The preference of the sourcing companies is for reusing the current mechanisms, subject to CT1 confirmation.

(NOTE 7)
The “Classmark Enquiry Mask” IE (44.018/10.5.2.7c) indicates which RATs the capabilities should be sent for.

(NOTE 8)
The “Old BSS to New BSS Information” does not include CM2/CM3. In TS 48.008, CM2 and CM3 are sent in the HANDOVER REQUEST message (target MSC → target BSS, 48.008/3.2.1.8). As they are available at the source MSC, they do not need to be provided by the source BSS in the HANDOVER REQUIRED message (source BSS → source MSC, 48.008/3.2.1.9). However, for inter-RAT handover from UTRAN to GERAN CS domain, the RNC includes in the RELOCATION REQUIRED message to the Core Network the MS Classmark 2 and MS Classmark 3 IEs (received from the UE), in addition to the “Old BSS to New BSS Information” IE if available (see /25.413/8.6.2 and 25.413/9.1.9).

� The inter-RAT capabilities can be transferred also during intra-RAT handover from the source RAN node to the target RAN node, so that they are available in case of subsequent handover to another RAT. Hence, some of the principles discussed in this paper apply also for intra-RAT handover.


� For E-UTRAN, the alternative whereby no capabilities are sent has also been proposed, see � REF _Ref219122422 \w \h ��[1]�. This would require the target network to assume a minimum set of UE capabilities, valid for all UEs (this minimum set may need to be standardised); the target RAN node would then receive the UE capabilities once it has moved to the new RAT. For the time being, RAN2 has decided against this option for E-UTRAN.


� From the current version of TS 24.301 (v8.0.0) it is not clear how the UE capabilities are signalled to the MME; it is assumed that this happens either at EPS attach or during Tracking Area Update.


� See discussion in section � REF _Ref219457386 \w \h ��4.1�.


� The “Inter RAT handover info” IE is contained in the CREATE-BSS-PFC PDU (see subclause 10.4.17 of TS 48.018), which is sent by the SGSN to request that a BSS create or modify a BSS Packet Flow Context. This PDU will need to be extended to include also the E-UTRAN capabilities. This is proposed in � REF _Ref219198937 \w \h ��[12]�.


� For the GERAN capabilities, the Classmark 2 is included in the ASSIGNMENT REQUEST message, if it is available to the MSC (48.008/3.2.1.1)


� The relevant subclauses in the current version of TS 36.331 (v8.4.0) are not complete, and some corrections are proposed in � REF _Ref219282001 \w \h ��[5]�.


� The Compressed_Inter_RAT_HO_INFO_IND bit in the IA Rest Octets signals to the MS whether it should send a full or a compressed version of the INTER RAT HANDOVER INFO. Note that the possibility to request compressed UTRAN capabilities only exists in TS 44.018 but not in TS 44.060.


� In ASN.1 the OCTET STRING type contains implicit information about the length of the octet string; in other words, although the string length does not appear explicitly in the ASN.1, the subsequent encoding will include the length information. See for example � HYPERLINK "http://www.freesoft.org/CIE/Topics/133.htm" ��http://www.freesoft.org/CIE/Topics/133.htm�. Hence it is possible for the decoder to know where the octet string ends.


� The 34 octet limit is so that the CLASSMARK CHANGE message will fit in up to two layer 2 frames.
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