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MS inter-RAT Capabilities Transfer during inter-RAT PS Handover  
The discussion on the transfer of the terminal capabilities in RAN2 is summarized in the LS from RAN2 (see R2-094038, R2-093614). The LS from SA3 (S3-091139) confirms that the UTRAN capabilities sent from the RNC upon PS handover from UTRAN to GERAN may contain information which is not always correct.
This proposal provides means for the BSS to acquire UTRAN capabilities upon successful PS handover if those have not been forwarded from E-UTRAN to GERAN or UTRAN to GERAN. The same mechanism enables the BSS to acquire the E-UTRAN capabilities as well. This paper has already been seen in GERAN#41 and GERAN#42 (see GP-090297, GP-090805).

It is the intention to agree this proposal such that the GERAN specifications support the handover to UTRAN also in case when there are no UTRAN capabilities forwarded from E-UTRAN or UTRAN  to GERAN. In the same manner BSS  requests also the E-UTRAN capabilities if those are not forwarded from UTRAN or GERAN upon PS handover.  
1. Introduction

As discussed in GERAN#42, GERAN#41 and GERAN2#40bis for inter-RAT handover between different RATs it is mandatory to transfer the terminal capabilities to the target RAT according to the “source adapts to target” principle. 

In case of handover from GERAN to UTRAN or E-UTRAN the respective capabilities for that target RAT should be available at the BSS prior to PS handover. The current mechanisms introduced in Rel-6 for inter-RAT PS handover between GERAN and UTRAN assume that the UTRAN capabilities are available at all times in the BSS. Recent discussions in RAN2 and SA3 (S3-091139) revealed that the Rel-6 mechanism may result in PS handover failure due to the START_PS value mismatch on a subsequent handover from GERAN back to UTRAN. For this reason, RAN2 has decided that the INTER RAT HANDOVER INFO should not be sent by the RNC to the BSS (and, if sent, should be ignored by the target BSS). In order to ensure that PS handover back to UTRAN is possible, a mechanism is needed that enables the BSS to acquire the UTRAN capabilities in a GERAN cell upon successful PS handover.
Further, with the introduction of E-UTRAN and inter-RAT PS handover to / from E-UTRAN specifically in case of E-UTRAN to GERAN handover it is is not guaranteed that the UTRAN capabilities would be available at the BSS at all times as currently specified. The same problem exists with the E-UTRAN capabilities in case of handover from UTRAN to GERAN. This is due to the fact that the target RAT may not have the capabilities of the third RAT (i.e. not involved in the handover) supported by the MS and therefore may not send those during handover to the target RAT.  
The option to mandate the source RAT sending all the terminal capabilities for each of the supported RATs to the target RAT has not been seen as useful due to impacts mainly on the signaling in the source RAT.  For E-UTRAN as can be seen in the LS from TSG RAN WG2 [R2-090853 and R2-092699] RAN WG2 the agreement is  not to mandate the E-UTRAN in sending the UTRAN UE RAC capabilities in case of handover to GERAN. 

This problem results in GERAN in a risk that BSS will not be able to initiate handover from GERAN to a target RAT (UTRAN or E-UTRAN) for an MS for which it does not have the MS’s target RAT capabilities as it will not be able to create the transparent containers based on the “source adapts to target” rule.        
The same problem exists in case of handover from UTRAN to GERAN where the UTRAN does not send the E-UTRAN capabilities to BSS.  

In this paper this problem is highlighted with a proposal that ensures that the E-UTRAN and UTRAN capabilities are made available at the BSS in order to support the handover to the target RAT following “source adapts to target” principle.
2. Transfer of UTRAN capabilities to the BSS during GERAN / UTRAN inter-RAT PS Handover
As described in 3GPP TS 43.129 and specified in 3GPP TS 48.018 and 3GPP TS 24.008 the START_PS and UE RAC values needed for PS handover to UTRAN are transferred from the MS to the BSS by means of NAS signalling. An SGSN supporting inter-RAT PS handover to UTRAN will request the MS to transfer the INTER RAT HANDOVER INFO, which includes START_PS and UE RAC, within Attach Complete and Routing Area Update Complete. The SGSN will then include this container in every CREATE-BSS-PFC message sent to the BSS. 
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Figure 1. Use of GMM Messages for transferring START_PS and UE-RAC

In case of handover from UTRAN to GERAN, INTER RAT HANDOVER INFO including START_PS and UE RAC will be sent to the BSS as part of Source BSS to Target BSS Container. In this manner it was ensured that the BSS has the correct parameters to support inter-RAT PS handover to UTRAN. This possibility has been removed as of Rel-8 from the 3GPP TS25.331 where source RNC is not any longer listed as the sender of this IE (see section 14.12.4.0a in 3GPP TS 25.331)
.
Furthermore  according to TSG SA WG3 (S3-091139) RNC cannot always send the correct value of the START_PS seen that the terminal updates this parameter only upon successful handover to GERAN. Due to the START_PS value mismatch between RNC and terminal a subsequent PS handover from GERAN to UTRAN will fail because the BSS will forward to the RNC the INTER RAT HANDOVER INFO it has received by a previous RNC while the terminal will have updated its START_PS value in GERAN upon successful PS handover. This problem needs to be solved.
It should be guaranteed that the BSS has the terminal capabilities needed to support  handover to both UTRAN and E-UTRAN  according to the “source adapts to target” principle.
In GERAN2#40bis the same mechanism as was introduced for UTRAN was agreed for supporting the inter-RAT PS handover to E-UTRAN (see G2-090113, G2-090109).
However although desirable it cannot be guaranteed that for a terminal starting in E-UTRAN, an eNB will forward the UTRAN capabilities to the BSS. This means that in case of handover from E-UTRAN to GERAN, the BSS may not receive the INTER RAT HANDOVER INFO including START_PS and UE RAC and therefore will not be able to perform the handover to UTRAN if needed. The BSS does not have any means to request these capabilities from the SGSN and it would have to wait until a new CREATE BSS PFC procedure is needed. This of course will lead to a handover initiation failure towards UTRAN as the BSS will not be able to construct the Source RNC to Target RNC container needed to support handover to UTRAN  once a need arises for the inter-RAT PS handover.
The same holds for the case when UTRAN will not send any E-UTRAN capabilities to the BSS. 
3. Proposal  - Extended PS HO Complete procedure
The BSS based on the content of the Source BSS to Target BSS container can determine whether this container contains both UTRAN and E-UTRAN capabilities in case of inter-RAT PS handover from UTRAN / E-UTRAN to GERAN or intra GERAN PS handover.    

In order to ensure the same behaviour at the BSS as specified currently for GERAN/UTRAN PS handover, the BSS which is missing the UTRAN capabilities needs to receive the UTRAN Inter RAT handover Info after RAU complete upon completion of the inter-RAT PS handover. Waiting for the  1st  CREATE BSS PFC procedure in packet transfer mode (see Figure 1) is not an option for the case where  no new BSS PFC are created and a handover to UTRAN will have to be performed. 
Providing the UTRAN capabilities to the BSS should take place upon successful completion of the PS handover procedure thus as part of the  PS handover complete procedure. 
The PS Handover Complete message is the last message sent from the BSS to the SGSN  prior to RAU procedure. With the PS handover complete the target BSS confirms to the SGSN that it is ready to receive uplink LLC PDUs from the MS and the SGSN upon receiving this message can initiate the relase of resources in the source cell.

After inter-RAT PS handover the RAU procedure is mandatory. Thus the RAU procedure will be performed after PS handover from UTRAN/ E-UTRAN is completed.

A target BSS, upon receiving the PS handover Request message, can determine whether  the UTRAN Inter-RAT HANDOVER INFO is missing (see Figure 2-a). If this IE is missing,  upon completion of the PS handover the target BSS indicates in the PS handover Complete message that INTER-RAT Handover Info is missing either for UTRAN or E-UTRAN (or even both) to the SGSN. SGSN can indicate this to the MS by the already specified mechanism through RAU signaling as depicted in Figure 1.
Upon receiving these capabilities the SGSN will send those to the BSS by means of PS Handover Complete Ack PDU (see Figure 2-b). This message will have to be added to the BSSGP protocol and should only be sent in case a request for the provision of the UTRAN or E-UTRAN Inter RAT information or both has been set in the PS Handover Complete message.
This procedure is depicted in Figure 2-a and 2-b below.
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Figure 2-a: E-UTRAN to GERAN A/Gb Inter RAT HO, preparation phase
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Figure 2-b: E-UTRAN to GERAN A/Gb Inter RAT HO, execution phase

The same procedure can be utilized for requesting E-UTRAN capabilities in case of handover from UTRAN to GERAN.  

It must be noted that an indicator from the BSS is needed in order to allow for the transfer of capabilities on a need basis. A BSS which does not have E-UTRAN or UTRAN neighbours does not need to receive their capabilities either. Also a BSS which has received the capabilities from another BSS will not need to request for this capabilities again. This allows for savings on the GERAN radio resources. 

4. STANDARDISATION in Different Releases 
Seen that the identified problem exists as of Rel-6 changes are required as of this release. There are two important requirements that need to be taken into account for eliminating PS handover failures due to the missing capabilities of START_PS value mismatch: 
1. the target BSS should discard the INTER RAT HANDOVER INFO if received from an RNC during inter-RAT handover;
2. the target BSS should support the procedures described in section 3, i.e. requesting for the  transfer of the INTER RAT HANDOVER INFO (and/or E-UTRAN Inter RAT Handover Info) from the SGSN by means of the extended PS HO COMPLETE procedure.
In the view of the sourcing companies, the requirement in bullet point 2 should be made mandatory in the GERAN specifications from Rel-8. The same mechanism should be used also as of Rel-6 to enable the BSS to acquire the UTRAN capabilities upon successful PS handover. The preference is to mandate the support this mechanism also for Rel-6/Rel-7. 
However, it is acknowledged that minimizing impacts to exisiting networks is desirable. If the mechanism is left optional it should be clear that the consequence is that, after PS handover from UTRAN to GERAN, PS handover back to UTRAN may not be possible until a new BSS PFC is created in GERAN (if INTER RAT HANDOVER INFO has not been provided by the RNC (or eNB as of Rel-8)) or may fail due to START_PS value mismatch between the target RNC and the terminal (if INTER RAT HANDOVER INFO has been provided by the RNC and has not been discarded by the BSS).  It must be noted that a target BSS SHALL not fail the handover if it does not receive “Source RNC to Target RNC container”. It is however a SHALL to forward the container within GERAN if available. 
The requirement in bullet point 1, should be made mandatory from Rel-8. As for previous releases, if this mechanism is left optional for pre-Rel-8 interworking problems will  arise when network elements of Rel-8 interwork with network elements of previous releases. In particular the problem exists in intra GERAN PS handover when for example a source BSS has received the INTER RAT HANDOVER INFO from an RNC and has forwarded this to the target BSS according to the 3GPP TS 48.018. There are no means in the target BSS to know whether the INTER RAT HANDOVER INFO is correct i.e. whether the previous BSS has aquired this IE in GERAN or whether this has been forwarded from the RNC. Acquiring this IE at each SGSN after inter-SGSN handover which is only possible if PS HANDOVER COMPLETE ACK is mandated is not desirable due to the unnecessary waste of radio resources. Therefore it is desirable to mandate as of Rel-6  that a BSS which receives this IE from the target RNC discards it. Even more desirable would be to mandate in RAN2 that RNC never sends this IE as part of the “Source BSS to Target BSS transparent container”. This may potentially affect existing implementations; however the required changes are acceptable because if this is not mandated, the consequence is that, in order to avoid problems with legacy BSSs, we need to introduce into the PS HO REQUIRED and PS HO REQUEST Rel-6/Rel-7 messages a mandatory indicator, such that a target BSS knows if a source BSS supports the correct behaviour or not. If possible, this should be avoided.
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Figure 3 - Overview of interworking scenarios

In the view of the sourcing companies, with reference to Figure 3:
· the options in green in are the preferred options, and should be mandatory in Rel-8 and recommended in previous releases

· the option in blue could be possible in Rel-6/Rel-7 (could also cover legacy implementations)

· the option in red should be avoided in all releases
5. Conclusions

In order to accommodate the case where GERAN will have to acquire  the missing capabilities needed to perform a possibly subsequent PS handover to a UTRAN or E-UTRAN network it is proposed that this mechanism be endorsed in GERAN WG2 as mandatory Rel-8 mechanism, reflected as appropriate in 3GPP TS 43.129 and 3GPP TS 48.018 as proposed in the  CRs to 3GPP TS 43.129 (see GP-09xxxx) and 3GPP TS48.018 (see GP-09xxxx).  
The impacts to the existing networks should be taken into account as much as possible however this should not go at cost of propagating the errors of previous release into Rel-8 and onwards. 
Further it should be taken into account that TSG RAN WG2 has agreed that the RNC shall not send the INTER RAT HANDOVER INFO (see R2-093614),  thus this IE will not be present in the Source BSS to Target BSS container sent from source RNC to target BSS. However within GERAN it is preferable that this IE is sent if available at the BSS. Thus once a BSS has received this IE from the MS either upon ATTACH/RAU procedure or upon PS handover it should forward it within GERAN in the subsequent PS handover. Same holds for the E-UTRAN capabilities.
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