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BSS Derived Information for CS to PS SRVCC
1. Introduction
When a mobile station (MS) has an ongoing CS call in a 2G serving cell, there may be a need for the serving BSS to trigger CS to PS SRVCC to an E-UTRAN cell. This type of handover requires that the reverse transparent container sent from the serving BSS to the target eNB during the handover preparation phase include information about the E-UTRA capabilities of the MS (i.e. the UE-E-UTRA RAC IE). 
However, the problem of how the serving BSS can acquire this information has been identified in light of the problems resulting from the potential size of the E-UTRA capabilities of the MS, which according to RAN2 estimations will likely exceed 255 octets (ref [1], response LS from RAN2 in GP-130085 at GERAN#57), combined with the L3 message size limit of maximum 251 octets for SDCCH and FACCH.

2. Discussion

RAN2 informs GERAN2 in an incoming LS [2] to this meeting, that during the discussion of a proposal based on “incomplete UE E-UTRA capability”, following concerns were raised. RAN2 kindly asks GERAN2 to take these concerns into account and provide feedback.
· In case UE E-UTRA capability is sent during the CS call setup procedure, this procedure may introduce the additional delay during call setup in GERAN．
· In case UE E-UTRA capability is sent while the CS call is ongoing, this procedure may introduce interruption on voice call in GERAN.
According to the sourcing companies’ estimation, if the UE E-UTRA capabilities are sent by the MS during the CS call setup procedure, i.e. in the Early Classmark procedure, a message size of 250 octets will delay the call establishment phase by approximately 3 seconds, assuming the message is sent on SDCCH containing 20 octets per 51-multiframe.
On the other hand, if the UE E-UTRA capabilities are not sent in the Early Classmark procedure but instead at the time the CS to PS SRVCC is triggered, i.e. in a modified Classmark interrogation procedure, a message size of 250 octets will need 250/20 = 13 FACCH blocks. In this case it is assumed that the MS will, upon sending this new information, use 13 continuous FACCH blocks in order to minimize the time period for which the serving BSS will wait before triggering a CS to PS SRVCC from GERAN to E-UTRAN. Since FACCH is sent in stealing mode, 260ms of speech will be replaced by signalling. One has to consider that this will be additional speech frame loss on top of the lost frames due to the actual handover procedure.
Additionally, for the mobile to send the E-UTRA capabilities to the network, the BSC need to send the Classmark Enquiry message to the MS. This message is not that large but anyway it requires another FACCH block (and an acknowledgement on the uplink).
Estimations are assuming a good radio environment without re-transmissions.

Even if the UE E-UTRA capabilities are not too large to be sent over the GERAN CS radio interface, they might be too large to be sent over the A-interface when included in the BSSMAP HANDOVER REQUIRED message. The maximum size of a BSSMAP message sent on the A-interface is 255 octets but the available space for the UE E-UTRA capabilities in the HANDOVER REQUIRED message is much less since other inter-RAT related information included in this message also requires considerable amount of space.

If the “incomplete UE E-UTRA capability” proposal is chosen as the final solution, despite the obvious drawbacks as described above, a future extension of the HANDOVER REQUIRED message with possibly new IE’s might not be possible.
Irrespective of which method (as above) the UE E-UTRA capabilities are acquired over the GERAN CS radio interface, the impact on the CS call performance/quality is not acceptable.
3. Way Forward

Recognizing that the target eNB is able to query an MS for the UE E-UTRA RAC IE once it has arrived in an E-UTRAN cell, the key question to be asked is what is the minimum information needed by the target eNB in order to perform a CS to PS SRVCC from GERAN to E-UTRAN (i.e. what is the minimum information to be provided within the reverse transparent container). The answer is that the minimum information the target eNB needs to receive in the reverse container is knowledge of at least one E-UTRAN frequency band supported by the MS. This leads to the following:

· Measurement reports sent from the MS in the serving GERAN cell may include measurements made on one or more E-UTRAN frequencies associated with one or more E-UTRAN frequency bands. 
Reception of such measurement information combined with knowledge of MS support for CS to PS SRVCC from GERAN to E-UTRAN (provided within the Classmark 3 IE) would allow the serving BSS to populate the corresponding portion of the UE-EUTRA-Capability IE (see 3GPP TS 36.331) with this information. Alternatively, to add a new IE called e.g. “UE-reported EARFCN” in the 3GPP TS 36.331 HandoverPreparationInformation message, see Annex B.
This approach therefore allows the serving BSS to acquire the minimum information needed and populate the UE-EUTRA-Capability IE (or the new “UE-reported EARFCN” IE) accordingly without an MS ever having to transmit this IE over the radio interface.

4.  Detailed Problem Solution

The details of the solution identified above whereby the serving BSS only conveys the minimum information when performing a CS to PS SRVCC from GERAN to E-UTRAN can be summarized as follows:

· Upon first establishing a CS call on a TCH in a GERAN serving cell an MS (capable of CS to PS SRVCC to E-UTRAN) uses E-UTRAN neighbour cell list information provided by the BCCH to determine what E-UTRAN cells can be measured and reported. 

· The BSS can supplement the BCCH E-UTRAN neighbour cell information by sending the MS one or more Measurement Information messages on the SACCH of the assigned TCH. 

· The BSS could, for example, choose to only send Measurement Information messages to an MS that has sent one or more measurement reports that include information specific to E-UTRAN neighbour cells indicated by the BCCH and that has indicated it supports CS to PS SRVCC from GERAN to E-UTRAN. 

· An MS can then begin sending measurement reports that may include measurements taken for the E-UTRAN frequencies/bands indicated by Measurement Information messages (i.e. in addition to reporting the E-UTRAN neighbour cells indicated by the BCCH).

· Based on the content of measurement reports received from the MS, the serving BSS can determine key information consisting of at least a subset of the E-UTRAN frequencies/bands supported by the MS and can therefore populate the appropriate fields within the UE E-UTRAN Radio Access Capability IE or alternatively add a new IE called e.g. “UE-reported EARFCN” in the 3GPP TS 36.331 HandoverPreparationInformation message, see Annex B. 
· As such, once this key information is derived, the serving BSS will then be able to trigger CS to PS SRVCC to E-UTRAN for those MS that support this type of handover where the key information is included within the reverse transparent container conveyed from the source BSS to the target eNB during the PS to CS SRVCC (see text added to step 1 of Figure 1 in Annex A below).
· Duplex pairing is not an issue because MS measurement (and reporting) of a given downlink E-UTRAN frequency means there is a fixed corresponding uplink frequency due to the nature of E-UTRAN band definitions (i.e. the EARFCN uniquely indicates the band the corresponding downlink and uplink E-UTRAN frequencies are associated with and therefore uniquely identifies the duplex distance).
· RAN2 has estimated in ref [1] that the capability size of a Rel-11 Carrier Aggregation capable UE supporting 10 E-UTRA bands will likely exceed the 255 octet limit of GERAN NAS signalling for uploading of E-UTRA capabilities from the MS to the network, which would then have a direct impact on the legacy GERAN to E-UTRAN PS handover procedure (i.e. it will fail).
The proposed solution in this paper can also be used to solve the potential problem with the PS handover procedure.
5.  Conclusion

The proposal as discussed by RAN2 in LS R2-131514 [2] is not acceptable from the sourcing companies’ point of view, by the following reasons: 

· the estimated delay it may cause in the call setup phase if the UE E-UTRA capabilities are provided by the MS in the Early Classmark procedure or, 
· the estimated voice interruption it may cause in case the UE E-UTRA capabilities are fetched by means of a modified Classmark interrogation procedure.
· UE E-UTRA capabilities might be too large to be included in the HANDOVER REQUIRED message which would result in CS to PS SRVCC failure.
· a potential future extension of the HANDOVER REQUIRED message might not be possible.

The sourcing companies believe the solution based on the serving BSS deriving the minimum information needed for triggering CS to PS SRVCC to E-UTRAN (described in sections 3 and 4 above) represents a very low complexity and radio interface bandwidth friendly solution to the challenge of how CS to PS SRVCC from GERAN to E-UTRAN can be realized in practice.
The proposed solution can be used for the potential problem with PS handover from GERAN to E-UTRAN if the UE-EUTRA-Capability exceeds the 255 octets limit of the E-UTRAN inter RAT information container IE in 3GPP TS 24.008.
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Figure 1: Access Transfer Preparation Alternative 5, non-DTM case

1.
The source (serving) BSC uses the content of measurement reports to determine E-UTRAN frequencies and bands supported (or not supported) by the UE and triggers CS to PS rSRVCC handover to E-UTRAN wherein this information is conveyed from the source BSS to the target eNB in the reverse transparent container. The serving RNC/BSC sends a HO required to the MSC Server including an indication this HO is for rSRVCC and the reverse transparent container. If the MSC Server is the target MSC, it forwards the HO required to the anchor MSC Server. 

2.
The MSC Server sends a SRVCC CS to PS HO request to the Target MME. If required, the IMSI is provided for identifying the UE.
3.
The MSC Server sends an Access Transfer Notification to the ATCF, e.g. a SIP re-INVITE or INVITE message, which indicates the ATCF that it should prepare for the transfer of media to PS. The ATCF allocates media ports on the ATGW. The media ports and codecs allocated by the ATCF are provided to the MSC Server in the response message. This step is independent of step 2.
NOTE 1:
The ATCF retrieves the ports/codecs received from the UE in its IMS registration. The ATCF is able to correlate the IMS registration made by the UE and the one made by the MSC Server on behalf of the UE for instance based on the C-MSISDN or on the IMEI derived instance-id used by both those registrations.

NOTE 2:
The Access Transfer Notification message could e.g., be implemented using an INVITE or other appropriate message. It is left for stage 3 to decide on appropriate message.
4. If the MME has no UE context it sends Context Request using P-TMSI and RAI to find the old SGSN.

5. The SGSN responses with Context Response message including all UE contexts.

6.
Target MME allocates resources in E-UTRAN. 

7.
A SRVCC CS to PS HO response is returned from the target MME to the MSC Server.

8.
MSC Server sends HO required Ack to the RAN, possibly via the target MSC, and the RAN send HO command to UE, indicating CS to PS handover. The MSC Server also includes in that message the IP address/ports and selected codec for the ATGW.
9.
In case of ATCF with media anchored in ATGW, the MSC Server sends an Access Transfer Preparation Request, e.g. a SIP re-INVITE or PRACK message, to the ATCF to trigger the ATCF/ATGW to have the media path switched to the IP address/port of the UE on the target access.


In case of ATCF without media anchored in ATGW, MSC Server sends an Access Transfer Preparation Request to ATCF and the media path between ATCF/ATGW and the MSC Server/MGW is to be established.
10. The UEs send Handover confirmation to the eNB.

11. The eNB send Handover Notify to the MME.

12. The MME sends Modify Bearer Request to the SGW, which is forwarded to the PGW to update PS bearer contexts.

13. The MME sends the Acknowledgment to the Context Response to the SGSN.
14. The voice media is started directly.

NOTE 3:
During a short period of time prior the RAT has been changed and the new bearer has been established, the media will be sent over the default bearer.

15. The UE initiates the session continuity procedures according to clause 6.3.3.8 towards the ATCF.

16. As a result of the session continuity procedures, the bearer setup is performed (initiated by the P-CSCF).

17. The voice media is sent in the dedicated bearer.

Annex B

From 3GPP TS 36.331 V11.1.0:
–
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, spare6, spare5, spare4, spare3,











spare2, spare1, ...} 


OPTIONAL, 
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v11x0-Ies


OPTIONAL

}

HandoverPreparationInformation-v11x0-IEs
::= SEQUENCE {


as-Context-v11x0




AS-Context-v11x0



OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v12x0-Ies







OPTIONAL

}

HandoverPreparationInformation-v12x0-IEs
::= SEQUENCE {

ue-reportedEARFCN-List ::=


UE-reportedEARFCN-List


OPTIONAL,
--Cond HO3

nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

UE-reportedEARFCN-List

SEQUENCE (SIZE (1..maxReportedEARFCN)) OF ARFCN-ValueEUTRA

-- 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 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-reportedEARFCN-List

This IE includes EARFCN values corresponding to EUTRAN cells reported by the UE. The source RAN node selects the EARFCN values to include in the list.
	

	ue-RadioAccessCapabilityInfo

E-UTRA radio access capabilities are always included and in case of inter-RAT handover to E-UTRA, UTRA radio access capabilities may be included. (If UTRA radio access capabilities are received from the source RAN, they are ignored by target eNB.) In case of inter-RAT handover to E-UTRA and the source is GERAN, GERAN capabilities are always included.


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.

	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 mandatory present in case of rSRVCC from GSM to E-UTRA; otherwise the field is not present.


–
ARFCN-ValueEUTRA
The IE ARFCN-ValueEUTRA is used to indicate the ARFCN applicable for a downlink, uplink or bi-directional (TDD) E-UTRA carrier frequency, as defined in TS 36.101 [42].

ARFCN-ValueEUTRA information element
-- ASN1START

ARFCN-ValueEUTRA ::=



INTEGER (0..maxEARFCN)

-- ASN1STOP

6.4
RRC multiplicity and type constraint values

–
Multiplicity and type constraint definitions

-- ASN1START

maxBandComb-r10



INTEGER ::=
128
-- Maximum number of band combinations.

maxBands




INTEGER ::= 64
-- Maximum number of bands listed in EUTRA UE caps

maxBandwidthClass-r10

INTEGER ::=
16
-- Maximum number of supported CA BW classes per band

maxBandwidthCombSet-r10

INTEGER ::=
32
-- Maximum number of bandwidth combination sets per












-- supported band combination

maxCDMA-BandClass


INTEGER ::= 32
-- Maximum value of the CDMA band classes

maxCellBlack



INTEGER ::= 16
-- Maximum number of blacklisted physical cell identity












-- ranges listed in SIB type 4 and 5

maxCellInfoGERAN-r9 

INTEGER ::=
32
-- Maximum number of GERAN cells for which system in-












-- formation can be provided as redirection assistance

maxCellInfoUTRA-r9


INTEGER ::=
16
-- Maximum number of UTRA cells for which system












-- information can be provided as redirection












-- assistance

maxFreqUTRA-TDD-r10


INTEGER ::=
6
-- Maximum number of UTRA TDD carrier frequencies for












-- which system information can be provided as












-- redirection assistance

maxCellInter



INTEGER ::= 16
-- Maximum number of neighbouring inter-frequency












-- cells listed in SIB type 5

maxCellIntra



INTEGER ::= 16
-- Maximum number of neighbouring intra-frequency












-- cells listed in SIB type 4

maxCellListGERAN


INTEGER ::= 3
-- Maximum number of lists of GERAN cells

maxCellMeas




INTEGER ::= 32
-- Maximum number of entries in each of the












-- cell lists in a measurement object

maxCellReport



INTEGER ::= 8
-- Maximum number of reported cells

maxDRB





INTEGER ::= 11
-- Maximum number of Data Radio Bearers

maxEARFCN




INTEGER ::= 65535
-- Maximum value of EUTRA carrier fequency

maxFreq





INTEGER ::= 8
-- Maximum number of carrier frequencies

maxFreqIDC-r11



INTEGER ::= 32
-- Maximum number of carrier frequencies that are












-- affected by the IDC problems. This value may need 












-- further study

maxFreqMBMS-r11



INTEGER ::= 5
-- Maximum number of carrier frequencies for which an 












-- MBMS capable UE may indicate an interest

maxGERAN-SI




INTEGER ::= 10
-- Maximum number of GERAN SI blocks that can be












-- provided as part of NACC information

maxGNFG





INTEGER ::= 16
-- Maximum number of GERAN neighbour freq groups

maxLogMeasReport-r10

INTEGER ::= 520
-- Maximum number of logged measurement entries












--  that can be reported by the UE in one message

maxMBSFN-Allocations

INTEGER ::= 8
-- Maximum number of MBSFN frame allocations with












-- different offset

maxMBSFN-Area



INTEGER ::= 8

maxMBSFN-Area-1



INTEGER ::= 7

maxMeasId




INTEGER ::= 32

maxMultiBands



INTEGER ::= 8
-- Maximum number of additional frequency bands












-- that a cell belongs to

maxObjectId




INTEGER ::= 32

maxPageRec




INTEGER ::= 16
-- 

maxPhysCellIdRange-r9 

INTEGER ::= 4
-- Maximum number of physical cell identity ranges

maxPNOffset




INTEGER ::=
511
-- Maximum number of CDMA2000 PNOffsets

maxPMCH-PerMBSFN


INTEGER ::= 15

maxRAT-Capabilities


INTEGER ::= 8
-- Maximum number of interworking RATs (incl EUTRA)

maxReportConfigId


INTEGER ::= 32

maxReportedEARFCN


INTEGER ::= FFS
-- Maximum number of reported EARFCNs
maxRSTD-Freq-r10


INTEGER ::= 3
-- Maximum number of frequency layers for RSTD












-- measurement

maxSAI-MBMS-r11



INTEGER ::= 64
-- Maximum number of MBMS service area identities 












-- broadcast per frequency

maxSCell-r10



INTEGER ::= 4
-- Maximum number of SCells

maxSecTAG-r11


INTEGER ::= 3
-- Maximum number of secondary TAGs

maxServCell-r10



INTEGER ::= 5
-- Maximum number of Serving cells

maxServiceCount 


INTEGER ::= 16
-- Maximum number of MBMS services that can be included












--  in an MBMS counting request and response

maxServiceCount-1


INTEGER ::= 15

maxSessionPerPMCH


INTEGER ::= 29

maxSessionPerPMCH-1


INTEGER ::= 28

maxSIB





INTEGER ::= 32
-- Maximum number of SIBs

maxSIB-1




INTEGER ::= 31

maxSI-Message



INTEGER ::= 32
-- Maximum number of SI messages

maxSimultaneousBands-r10
INTEGER ::= 64
-- Maximum number of simultaneously aggregated bands

maxSubframePatternIDC-r11 
INTEGER ::= 8
-- Maximum number of subframe reservation patterns












-- that the UE can simultaneously recommend to the












-- E-UTRAN for use. This value may need further study

maxUTRA-FDD-Carrier


INTEGER ::= 16
-- Maximum number of UTRA FDD carrier frequencies

maxUTRA-TDD-Carrier


INTEGER ::= 16
-- Maximum number of UTRA TDD carrier frequencies

-- ASN1STOP

NOTE: The value of maxDRB align with SA2.

-------------------------

For information, from 3GPP TS 36.300
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Figure 19.2.2.5.6-1. Handover of PS domain service from GERAN A/Gb mode to EUTRAN, normal flow
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NOTE 1: The information included in this IE is derived from the information provided in the “UE Network Capability” IE during network attach / RAU
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