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MS inter-RAT Capabilities Transfer during inter-RAT PS Handover  
1. Introduction

As discussed in 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. With the mechanisms introduced in Rel-6 for inter-RAT PS handover between GERAN and UTRAN, the UTRAN capabilities are available at all times in the BSS. 

However 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] it seems that in RAN WG2 there is a preference towards not mandating 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 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.        
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.
It must be noted that the transfer of terminal capabilities at the time of writing this paper is being discussed in TSG RAN2#65 meeting.   

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 value needed for PS handover to UTRAN is 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 is ensured that the BSS has the correct parameters to support inter-RAT PS handover to UTRAN. 
With the introduction of E-UTRAN the same behaviour should be guaranteed at the BSS such that the handover to both UTRAN and E-UTRAN is supported according to the “source adapts to target” principle.
In GERAN2#40bis the same mechanism 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 always 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. In addition while the BSS does not have any means to request these capabilities from the SGSN 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  
The same holds for the case when UTRAN will not send any E-UTRAN capabilities to the BSS. 
3. Proposal 

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.    

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 the 1st  CREATE BSS PFC procedure in packet transfer mode (see Figure 1). 
This can be achieved by extending the PS handover complete procedure. 
The PS Handover Complete message is the last message sent from the SGSN to the BSS 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 target cell.

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

A target BSS determines once receiving the PS handover Request message that the UTRAN Inter-RAT HANDOVER INFO is missing (se Figure 2-a). 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 them 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 container bit 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


[image: image3.emf] 

UE  

Source   

eNodeB  

Target BSS  Source MME   Target SGSN   Serving GW   HSS  

PDN   

GW  

Uplink and Downlink User Plane PDUs  

1. Handover Command  

2. HO from E - UTRAN Command  

Sending of  uplink data  possible  

4. GERAN A/Gb Access Procedures  

5. XID Response  

6. PS Handover Complete ( Ind. Req for  provision of  UTRAN  Inter RAT  information container )  

8. Forward Relocation Complete  

8a. Forward Relocation Complete Acknowledge  

9. Update Bearer Request  

11. Update Bearer Response  

Up link and Downlink User Plane PDUs  

7. XID Response  

12. XID Negotiation for LLC ADM  

12a. SABM UA exchange  

re - establishment and XID negotiation for LLC ABM)  

Downlink User Plane PDUs  

Only if ”Direct Forwarding” applies  

Target  

Serving GW  

For Serving GW relocation Steps 9, 10 and 11,  and the following User Plane path, will be  handled by Target Serving GW  

(A)  

10. Update Bearer Request  

10a. Update Bearer Response  

13. Routeing Area Update procedure (with the provision of UTRAN Inter RAT information  Container)  

15b. Release  Resource  

15. Delete Bearer Request  

(B)  

15a. Delete Bearer Response  

Only if ”Indirect Forwarding” applies  

14. PS Handover Complete Ack (UTRAN  Inter R AT information container  )  


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.  

4. Conclusions

While the transfer of the capabilities concerning a RAT not involved in the handover cannot be mandated it is recommended that these capabilities if available are sent to the target RAT. In order to accommodate the case where GERAN will have to require 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, reflected as appropriate in 3GPP TS 43.129 and 3GPP TS 48.018 and that RAN2, RAN3 and SA2 be informed about this decision.  
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