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Introduction
In TR23.882 the active handover solutions have been discussed and a great progress has been achieved in previous SA2 meetings. However the data forwarding mechanism for lossless handover has not been discussed in TSG SA2. This contribution proposes to discuss such issue in this meeting and tries to make some agreements.
Discussion
The work assumption that Outer ARQ terminates in the eNodeB was agreed in TSG RAN. The following figure which is abstracted from RP-060204 shows how to use the work assumption in intra-LTE active mobility.
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Figure 1 Intra LTE active mobility

In the above figure PDCP and Ciphering function locates in the aGW. The Out ARQ terminates in eNodeB. Upon the Out ARQ there is one buffer in eNodeB. The data buffered in eNodeB are ciphered PDCP packets. During the handover from the old eNodeB to the new eNodeB the data buffered in the old eNodeB can be forwarded to the new eNodeB directly. The buffered data are not forwarded back to the aGW so this solution has minimal latency. 

However this solution only apply to handover between eNodeBs. In other cases this solution seems to have some issues, e.g. handover from SAE to UMTS. The following figure shows such issues.
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Figure 2 Handover from SAE to pre-SAE

There is no reference point between the eNodeB and the NodeB. So the data buffered in the eNodeB should be forwarded back to aGW. Then the aGW forwards the data to the RNC. The data buffered in the eNodeB is ciphered PDCP packets. However the data buffered in RNC is GTP-U packets. So the issue here is how to translate the ciphered PDCP packet to the GTP-U packets.

There are some solutions to resolve this issue.
Solution 1: When the aGW receives the forwarded data (ciphered PDCP data) from eNodeB it shall forward it to RNC directly. The RNC uses the forwarded data as the input data of RLC(out ARQ). This solution need the RNC to be upgraded, so it is not feasible.
Solution 2: When the aGW receives the forwarded data (ciphered PDCP data) from eNodeB it shall decipher the packet and translate the PDCP packet to GTP-U packet. After that the aGW forwards the GTP-U packet to the RNC. In this solution there is less impacts on the RNC, however the aGW are too complex.
Solution 3: The aGW also has a buffer to store the downlink user packet data. During the handover from SAE to UMTS the downlink user packet data in UPE buffer can be directly forwarded to the RNC through GTP-U tunnel. This solution has less impacts to RNC/SGSN and the aGW is less complex compared to the solution 2.
Conclusion

It is proposed that there are two buffers used for lossless handover in SAE. The first one is in the eNodeB and the other one is in the UPE. The buffer in eNodeB is only used for handover between eNodeBs. The buffer in UPE can be used for other handover scenarios, e.g. handover between SAE and UMTS, handover between aGWs. Which buffer should be used is determined in MME. The following figure depicts such three scenarios.
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Figure 3  Data forwarding mechanism

Summarized bellow: 

1. Handover between aGWs the buffer in aGW should be used.
2. Handover between SAE and pre-SAE the buffer in eNodeB should be used.

3. Handover between eNodeBs the buffer in eNodeB should be used.

Proposal
It is proposed to modify the TR text as the following text.
/*********************  First Change Begin **************************/

7.8.2
Inter access system handover between 3GPP access systems (UTRAN/GERAN and SAE/LTE 3GPP access system)

7.8.2.1
Description

Handover between 3GPP access systems maintains the UE’s established IP packet bearer service(s) during mobility between 2G/3G access and SAE/LTE 3GPP access system.
7.8.2.2
Alternative solution A
7.8.2.2.1
Description

This alternative solution assumes a grouping of functions as shown in the figure below, i.e. the functions are grouped:

· MME and UPE are combined into one functional entity, and

· Inter AS anchor is one functional entity. 

The description is also applicable to a functional grouping that combines SAE MME, SAE UPE and Inter AS Anchor into one functional entity.

The SAE/LTE 3GPP Access System has an SAE MME (FFS whether in RAN or CN). The corresponding 2G/3G MME is the SGSN. Furthermore, the SAE/LTE 3GPP access system has an SAE UPE. The corresponding 2G/3G UPE is the SGSN.

The decision for initiating a handover is made by radio system entities of the source 3GPP access system.

Handover between 3GPP access systems is performed as a backward handover, i.e. the radio resources are prepared in the target 3GPP access system before the UE is commanded by the source 3GPP access system to change to the target 3GPP access system.

The handover preparation is carried out over the reference point S3.

This reference point is also used to forward user data during handover to avoid data loss due to handover.

During the handover phase or after the handover phase the user plane routing and any potential tunnelling between serving 3GPP access system and inter system mobility anchor is updated to the target 3GPP access system. The UE registers with the target 3GPP MME and the target 3GPP MME registers with the HSS.
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Figure 7.8-1: Handover between 3GPP access systems for alternative solution A
In the information flow below SAE MME and SAE UPE are shown together for simplicity reasons. This does not preclude a separation for SAE/LTE. The separation into two entities requires an interface between both for example for paging, then registration between each other and doubles context transfer.
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Figure 7.8-2: Information flow for handover from 2G/3G to SAE/LTE

1)
The IP bearer service is established between UE and Inter AS Anchor via 2G/3G access system and 2G/3G MME/UPE

2)
The serving 2G/3G access system decides to initiate a handover to Evolved RAN.

3)
The serving 2G/3G access system indicates Handover Required and the handover target to its 2G/3G MME/UPE.

3a)
The 2G/3G MME/UPE selects a SAE MME/UPE serving the Evolved RAN nodes the UE is going to use

4)
The 2G/3G MME/UPE sends a Handover Preparation Request to the target Evolved RAN via the selected SAE MME/UPE.

5)
The target Evolved RAN establishes bearer resources, including radio resources, for the UE.

6)
The Evolved RAN confirms the Handover Preparation to the 2G/3G MME/UPE via the selected SAE MME/UPE.

7)
The 2G/3G MME/UPE commands the UE to change to the target Evolved RAN.

8)
In case the source access system is 3G the 3G access system (RNC) may start to forward data to its 3G MME/UPE. The 2G/3G MME/UPE forwards data to the Evolved RAN via the SAE MME/UPE. Depending on the required QoS the 3G access system (RNC) sends duplicates of the forwarded data also via 3G radio to minimise data loss.

8a)
In case the source access system is 3G the 3G access system (RNC) sends a Forward SRNS Context message to its 3G MME/UPE. It contains information for data transfer continuation by a new RNC for lossless relocation. The usage of this information and mechanisms for inter 3GPP handover is FFS as it implies a stop of the data transfer at source side, which is needed for a stable data transfer state.

9)
The Radio Bearer is established between UE and target Evolved RAN.

10)
The Evolved RAN informs the 2G/3G MME/UPE about handover completion.

11)
The 2G/3G MME/UPE acknowledges the handover completion towards the SAE MME/UPE.

12)
The SAE MME/UPE updates the route from the Inter AS Anchor to itself. Mobile terminated packets arrive at the new MME/UPE.

13)
The IP bearer service is established between UE and Inter AS Anchor via Evolved RAN and SAE MME/UPE.

14)
The UE may need to perform a registration with the new serving SAE MME/UPE. This triggers the SAE MME to register with the HSS.

For handover from SAE/LTE to 2G/3G the same information flow is applicable with a changed order of MME/UPE and RAN/access system entities. For this handover the MME/UPE shall duplicate and forward the downlink user data to the RNC in 2G/3G.
/*********************  First Change End **************************/
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