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Abstract of the contribution: This contribution proposes the handover optimization call flow from the EUTRAN access to cdma2000 HRPD access.

1. Introduction and discussion
In SA2#60 meeting, the optimized active handovers between EUTRAN access and cdma2000 HRPD access were discussed and so far, two approaches are of interest; early path switch without data forwarding and late path switch with data forwarding. In this contribution, those two approaches are investigated and compared. Based on this analysis/comparison, the optimized handover from EUTRAN to cdma2000 HRPD access is proposed.
1.1 Timing of path switch

In this contribution, three types of path switch are defined:
1) Early path switch: PMIP signaling is performed before the UE’s handover to the target network,
2) Normal path switch: PMIP signaling is performed immediately after the UE’s handover to the target network (this is currently called as late path switch in TS23.402), and
3) Late path switch: PMIP signaling is performed sometime after the UE’s handover.
Since late path switch is a variant of normal path switch, early path switch and normal path switch are compared at first and then late path switch is investigated.
1.1.1 Comparison of the handover time
The handover time herein is defined as the time from when the decision to handover is made to when the UE is acquired on the target link and this is one of the targets for optimization. 
The handover time for the case of early path switch is illustrated in Figure 1 (a). Since PMIP signaling is performed before handover, the procedural time for PMIP signaling takes a part of the time required for handover or the handover time. Moreover, the PCRF interaction is performed during the PMIP signaling, which adds further procedural time to the overall handover time. The overall handover time (Tho) can be represented as:
Tho(early) = Ta + Tb + Tc
In the case of normal path switch, which is illustrated in Figure 1 (b), PMIP signaling is performed after the handover, so the handover time can be represented as:
Tho(normal) = Ta + Tc
Tb is the time required for the PCRF interaction and this could be large compared to PMIP signaling since this involves QoS authorization and/or retrieval of the appropriate PCC rules. Moreover, when the PCRF is deployed in each access network (e.g. one of EUTRAN and another for HRPD), the chaining of PCRF interaction may happen, which would add more time and may fail to fulfill the requirement from 3GPP2 that the delay should not exceed 300ms for real-time services. Furthermore, if the handover time is too long, the fast moving UE may go outside of the EUTRAN coverage and fail to receive the TCA, which would cause a handover failure. Therefore, it is important to minimize the handover time.
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Figure 1: Comparison of the handover time
1.1.2 Comparison of the communication disruption time

The comparison of the communication disruption time, during which the UE cannot receive the downlink data, is illustrated in Figure 2. In the case of early path switch, which is illustrated in Figure 2 (a), the P-GW starts forwarding the downlink packets to the PDSN after the PCRF interaction, so the disruption time (Tdt) can be roughly represented as: 

Tdt(early) = Tc + Td
In the case of normal path switch, the downlink data is forwarded at the same time as the TCA is sent to the UE, so the disruption time can be represented as:

Tdt(normal) < Tc + Td
However, the difference between Tdt(early) and Tdt(normal) may not be so large since only L2 or lower signaling is involved during that time.
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Figure 2: Communication disruption time

1.1.3 Packet loss and reordering
In the case of early packet switch, when data forwarding is not performed, packets that left the PDN-GW just before the path switch may be lost due to the movement of the UE to the target network. Since the duration from the time when the TCA is sent from the eNB to the time when such packets reaches the eNB is likely to be short; however, this may affect the performance of TCP applications. When TCP Reno, which is one of the most popular implementations, is considered, in order for the sender to start fast retransmit, three duplicate ACKs must be received by the sender, otherwise the sender is forced back to use the slow start algorithm after the retransmission timer is expired, the minimum of which is 1 second. By giving RTT (Round trip time), MTU (Maximum Transmission Unit) and BW (link speed), the condition that fast retransmit can be triggered is represented as:
Tpl < RTT – 3MTU/BW
,where Tpl is the time during which packets are lost. It is assumed that the TCP window size is large enough that packets are continuously arriving without receiving the corresponding ACKs during the time period of RTT. For example, when RTT=150 ms, MTU=1500 bytes and BW=500Kbps, Tpl < 78 ms. If this condition is not met, the slow start algorithm is triggered after the retransmission timer is expired, which will affect the overall TCP performance and user experience. Therefore even a short period of packet loss time should not be ignored. In the case that the uplink packets are lost due to the path switch, the condition to trigger fast retransmit would be Tpl < RTT. If this condition is not met, all the ACKs are lost and the sender is forced to use the slow start.
On the other hand, one issue to be considered for the normal path switch with data forwarding is that packet reordering may happen at the PDSN between those from the forwarding path and from the PDN-GW. The PDSN needs to handle those packets by proper queueing. Another approach is late path switch defined in this contribution. Since packets are forwarded bi-directionally, path switch can be performed anytime, for example, after the active session is terminated or when the UE goes to the idle mode or dormant mode. Figure 3 shows an example call flow for late path switch. With this approach, packet reordering and any small disruption caused by the path switch can be avoided. This concept is not new in 3GPP2 and has been proposed as the delayed handoff in X.P0043.
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Figure 3: Late path switch (example)
1.1.4 Other considerations
Complexity of date forwarding functionality: Since the S-GW and PDSN already have the tunneling functionality for PMIP bearer. Data forwarding can use the same functionality while the destination is not the P-GW.
Incomplete handover: It may happen that the UE eventually does not move to the HRPD network. Taking this situation into account, it is safer to perform path switch when the UE actually moves to the target network, whereby the PDN GW is not affected with regard to the routing of the user data.
1.2 Data forwarding

To eliminate packet loss, the source network should stop sending the downlink packets before the handover of the UE and buffer them until the UE attaches to the target network. After the UE is ready to receive at the target network, the buffered packets are forwarded and delivered to the UE. To optimize the packet forwarding path, access gateways (i.e. S-GW and PDSN) should have the forwarding functionality. The figure below shows the handover from the EUTRAN to the cdma2000 HRPD access. If eNodeB is the end point of user data forwarding, it needs to send back the user data to the S-GW on S1-U and forwards them to the target PDSN (left hand side). On the other hand, if the S-GW is the endpoint of user data forwarding, it can directly send the user data to the target PDSN (right hand side). From the perspective of the processing load and route optimization, packets from the PDN-GW should directly be sent to the target PDSN.
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1.3 Context transfer

When the IP services configuration for the HRPD access is performed at the pre-registration phase, the PDSN needs to assign the same IP address and prefix used in the EUTRAN access in the PPP NCP phase (in response to IPCP IP address configure request from the UE). To this end, the MME and PDSN need to have the capability to exchange the necessary context information (e.g. IP addresses of the UE and PDN GW and the NAI of the UE used to create the session in the PDN GW in case of PMIP6 based S5) and this context transfer needs to be performed before the IP services configuration. Prior to the context transfer, the MME also needs to know the target PDSN address, which can be informed by the HRPD access over S101.
2. Conclusion

The above discussion is summarized as follows:

· PMIP signaling in conjunction with PCRF interactions could cause unpredictable delay to path switch; therefore, it should not be on the critical path (handover time).
· Late path switch, defined in this contribution, and data forwarding can minimize packet loss and reordering.
· The necessary L3 (IP) information to enable the pre-registration (e.g. connection setup and address assignment) can be transferred to the target access.

This contribution recommends normal or late path switch with date forwarding for the handover optimization and context transfer between the MME and PDSN for a solution to transfer IP level parameters.
3. Proposal

Based on the above observations, this contribution proposes the call flow for the optimized handover from EUTRAN to cdma2000 HRPD access systems in Section 5.6.3.1.3
	Start of 1st Change


5.6.3.1.3.1

Pre-registration phase

Figure 5.6.3.1.3.1-1 illustrates a high-level call flow for the optimised EUTRAN to HRPD handover procedure, Pre-registration phase.


[image: image5]
Figure 5.6.3.1.3.1-1: HRPD registration via LTE/SAE tunnel

Editors Note: 
Message names Message X and Message Y need to be changed when RAN2 and RAN3 have decided their actual names.

1. 
The UE is registered with E-UTRAN/MME. It may have an ongoing data session established over EPS/EUTRAN access.

2. 
Based on a Radio Layer trigger (e.g., an indication from the EUTRAN when the UE is in connected state or an indication over the broadcast channel), the UE decides to initiate a pre-registration procedure with potential target HRPD access. The pre-registration procedure allows the UE to establish and maintain a dormant session in the target HRPD access, while attached to the EUTRAN/MME.

3. 
The UE generates an HRPD Registration Request message. The HRPD message is transferred from the UE to the eNB.

4.
The eNB forwards the HRPD message together with Sector ID information element to the MME. The Sector ID is statically configured in the eNB.

5. 
The MME selects an HRPD access node address. In order to be able to distinguish S101 signalling transactions belonging to different UEs, the MME allocates an S101 Session ID to identify signalling related to that UE on S101. The MME sends a Direct Transfer message (S101 Session ID, sector ID, HRPD Registration message) to the HRPD access node.  The MME determine the correct HRPD access node entity from the sector ID. 


The usage of a separate S101 Session ID that is local to the specific S101 instance or another existing UE specific identifier is FFS.
6. If context transfer is supported, the HRPD access node sends a S101 CT message (S101 Session ID, Forwarding addess) to the MME to notify the PDSN address for the subsequent context transfer procedure.
7. If context transfer is supported, the MME transfers the mobility context for the UE (e.g. the MN-NAI ID, the assigned IP address of the UE, PDN GW address, etc.) to the PDSN. If data forwarding is used, the MME also indicates the PDSN to set up the bi-directional data forwarding tunnel, whose endpoint is the S-GW. The user data is not forwarded at this point.
8. 
When receiving the Registration Request the HRPD system performs all necessary actions to register the UE. This may include additional tunnelled HRPD signalling with the UE. The HRPD pre-registration procedures are transparent to the EUTRAN and EPS. The eNB provides any HRPD uplink message together with Sector ID information element to the MME. The UE first performs network entry procedures specific to HRPD with the HRPD access and subsequently establishes IP services connectivity with the HRPD packet data serving node (PDSN), including PPP setup.  Authentication with the HRPD system occurs at this time. HRPD QoS information is also included in these procedures.

Editor’s Note: The system must ensure that the credentials used on the HRPD system correspond to a subscriber profile that is common with E-UTRAN access.

Editor’s Note: The details of how the HRPD QoS reservations are maintained up to date is specific to HRPD.

	End of 1st Change 


	Start of 2nd Change


5.6.3.1.3.2

Handover phase

Figure 5.6.3.1.3.2-1 illustrates a high-level call flow for the optimised EUTRAN to HRPD handover procedure, Handover phase.


[image: image7]
Figure 5.6.3.1.3.2-1: E-UTRAN to HRPD handover

Editors Note: Message names Message X and Message Y need to be changed when RAN2 and RAN3 have decided their actual names.

0. 
Ongoing session established over EPS/EUTRAN access.

1.
The eNB receives measurement reports from the UE.

2.
The eNB makes the handover decision.

3. 
The handover decision is signalled to the UE as Relocation indication. 

4. 
UE sends an HRPD Connection Request message to the eNB to request an HRPD traffic channel.

5.
The eNB send the Message Y  with HRPD message and Sector ID to the MME. The Sector ID is statically configured in the eNB.

6.
When receiving Message Y the MME selects an HRPD access node. This selection bases on the Sector ID. The MME allocates an S101 Session ID to identify signalling related to that UE on S101. The MME sends an S101 DT (S101 Session ID, sector ID, HRPD Connection Request message) to the HRPD access node.


Editor’s Note: The early switching does not cause the resources to be removed in the source access system.

Editor’s Note:  It is FFS how the PDSN gets the PDN GW address. It is assumed that the active PGW is stored in the HSS/AAA from where the PDSN gets it.

Editor’s Note:  It is FFS if the path update (PMIP) occurs at this point or when the UE arrives on the HRPD system

Editor’s Note:  It is FFS whether UL data flowing from the Serving GW to P GW after the PBU will be forwarded to Gi.

7.
The HRPD access allocates the requested radio access resources and sends the HRPD Traffic Channel Assignment (TCA) message in S101 HO Command message to the MME. If data forwarding applies the HRPD access also provides data forwarding target information (comparable to target IP address and TEID) to the MME. The HRPD access provides also a Hov Result information element to the MME, which indicates that the handover preparation was successful. 


8.
The MME sends the HRPD Traffic Channel Assignment (TCA) message embedded in a Relocation Command message to the EUTRAN. If the handover preparation failed, the Relocation Command will not be sent, but instead Message Y will be sent with appropriate cause, and the embedded HRPD message that indicates the failure to the UE. The message from the MME provides the eNB also with the data forwarding endpoint allocated at the Serving GW. 
9. If data forwarding is used, the MME configures data forwarding resources on SGW and indicates the SGW to forward the downlink data to the PDSN. From this time on, the SGW forwards the downlink data received from the PDN-GW to the PDSN.
10.
The EUTRAN forwards the HRPD Traffic Channel Assignment (TCA) message to the UE. This is perceived by the UE as a Handover Command message. The eNB may attempt to empty its buffers before commanding the UE to move to HRPD.

Editor’s Note: It is FFS if data forwarding is used. The details of data forwarding. It is FFS if the end point of data forwarding on the EUTRAN side is eNB or Serving GW.

11.
The UE retunes to the HRPD radio access network and performs traffic channel acquisition.

12.
The UE sends an HRPD Traffic Channel Complete (TCC) message to the HRPD access. At this step, the buffered DL data can be delivered to the UE and the UL data from the UE can also be forwarded via the forwarding tunnel.
13.
If the exchange of PMIP BU/BA with the PDN GW is not performed in step 7 (early path switch) it is performed in this step.  At this step the UE traffic may flow in both UL and DL directions via the HRPD access.

Editor’s Note: It is FFS if the path update (PMIP) occurs at this point or already when the UE is activated in the HRPD system

14.
The EUTRAN/EPS releases the old bearers based on the normal EUTRAN/EPS procedure.

Editor’s Note: The entity in the network that initiates the release is FFS.

15.
If data forwarding was used, the MME releases SGW data forwarding resources that were used for indirect data forwarding.

	End of 2nd Change 
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