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Introduction
The contribution analyses some issues of handover flows between E-UTRAN and HRPD and proposes to be decided in TS23.402.
Discussion
1. Early path switch

Early path switch mechanism was proposed in last SA2 meeting. The downlink user plane will be switched in the target network before the UE leave the source radio network. After the downlink user plane path is switched, the uplink packets will still be sent to the PDN GW through the source radio network until the UE switches the radio accesses. Therefore, the PDN GW can not release source radio network resources when the PDN GW receives Proxy BU or GTP Bearer message in early path switch phase. The resources can only be released when the UE switch to the target network.
The source radio network resource will be released by the PDN GW during normal handover flows between 3GPP network and non-3GPP network when the PDN GW receives Proxy BU or GTP Bearer message. The source radio network resource will not be released by the PDN GW during optimized handover flows between E-UTRAN network and HRPD network when the PDN GW receives Proxy BU or GTP Bearer message in early path switch phase. Therefore, the PDN GW needs to acquire an early path switch indication to differentiate the two different handling when the PDN GW receives Proxy BU or GTP Bearer message.

Advantage:
Fewer packets will be sent down to the old access before the handover, which minimizes the potential packet losses if data forwarding mechanism doesn’t be adopted. 
Disadvantage:
1) The mechanism can not guarantee data lossless.
2) If handover fails or being cancelled, the data packets buffered in target network will be lost.
3) If handover fails or being cancelled, the PDN GW need to be notified to recover the downlink data path to the source network, which increases network complexity.
4) The IETF protocol of PMIP requires modifying.
2. Data forwarding
If early path switch mechanism isn’t adopted, the minimize packet losses mechanism requires be adopted. The data forwarding mechanism will be adopted during optimized LTE-HRPD handover.
In E-UTRAN network, the downlink packet buffer is in the eNodeB node. Since the data ciphering and header compression are performed in the eNodeB node, the buffered packets in the eNodeB node are “clean” end-user IP packets. Therefore, in the direction of handover from E-UTRAN to HRPD, the eNodeB may forward buffered downlink packets to the Serving GW, the Serving GW converts the GTP packets to the GRE packets (the tunnelling format used by the HRPD access) and forwards the GRE packets to the PDSN. 
In HRPD network, the downlink packet buffer is in the HRPD AN node. Since the PPP tunnel is terminated at PDSN, the buffered downlink packets are after the PPP framing, in addition the header compression may be performed at PDSN. It will therefore be very complicated to de-compress the header and unpack the PPP frame at HRPD AN for the purpose of forwarding. Consequently, in the direction of handover from HRPD to E-UTRAN, due to the characteristics of HRPD access it is proposed that downlink packets are forwarded from the PDSN to the Serving GW if data forwarding mechanism is adopted. The PDSN forwards the downlink packets to the Serving GW. The Serving GW converts the GRE packets to the GTP packets and forwards the GTP packets to the eNodeB node.
Advantage:
1) The mechanism doesn’t need to modify PDN GW and the IETF protocol of PMIP. 
Disadvantage:

1) When handover from HRPD to E-UTRAN access, the packets are forwarded from the PDSN to the Serving GW node, which cannot guarantee all packets buffered in the HRPD AN node are sent to the UE after the UE handovers to the E-UTRAN network. The mechanism can not guarantee data lossless.
2) A new interface is introduced between Serving GW and PDSN. In order to realize data forwarding mechanism, the Serving GW needs to convert the forwarded GTP packets to the GRE packets (the tunnelling format used by the HRPD access) during E-UTRAN to HRPD handover or convert the forwarded HRPD packets to the GTP packets during HRPD to E-UTRAN handover, which increases complexity of the Serving GW.
3) When handover from HRPD to E-UTRAN, the Serving GW needs to perform DL bearer binding mechanism when the Serving GW receives the forwarding packets from the PDSN node. Since the bearer binding is performed in the Serving GW node if the S5/S8 reference point is PMIP, the data forwarding mechanism is less complex. If the S5/S8 reference point is GTP, the data forwarding mechanism is complex. The Serving GW requires obtain DL filters from the PDN GW and performs the bearer binding according to the DL filters, which increases E-UTRAN network complexity.
3. Bi-casting

Since PDN GW is a user plane anchor of E-UTRAN and HRPD network, the PDN GW should perform Bi-casting mechanism if Bi-casting mechanism is performed for data lossless.
When handover from E-UTRAN to HRPD, the HRPD AN notifies the PDSN Bi-casting mechanism is adopted. The PDSN notifies the PDN GW adopts Bi-casting mechanism. When the UE handovers to HRPD network, the HRPD AN notifies the PDSN Bi-casting mechanism is cancelled. The PDSN notifies the PDN GW cancels Bi-casting mechanism.
In the direction of handover from HRPD to E-UTRAN, the MME notifies the Serving GW Bi-casting mechanism is adopted. The Serving GW notifies the PDN GW adopts Bi-casting mechanism. When the UE handovers to E-UTRAN network, the MME notifies the Serving GW Bi-casting mechanism is cancelled. The Serving GW notifies the PDN GW cancels Bi-casting mechanism.

Advantage:
1) The mechanism minimizes the potential packet losses.
2) The mechanism doesn’t require special handling of Serving GW.

3) If handover fails or being cancelled, the mechanism doesn’t increase data loss. 

Disadvantage:

1) The mechanism can not guarantee data lossless.
2) The IETF protocol of PMIP requires modifying.

3) The UE may receive repeated downlink packets if Bi-casting mechanism is adopted.
Proposal: 
It is proposed to discuss these mechanisms in SA2 meeting and proposes to select an appropriate mechanism for optimized LTE-HRPD handover. 
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