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1. Introduction
The Intra LTE Access mobility for LTE-Active has been discussed lengthy in the past RAN3 meetings and RAN3 e-mail reflector. The inter access HO message flow have been shown in the TR23.882v0.10.0. This contribution discuss the necessity of signaling messages in order to fully support the data forwarding for loss-less HO.
3. Signaling message for Data forwarding
3.1 Intra LTE Access Mobility for LTE-Active

In order to support the loss-less HO, the target side needs to resume from the packet that have been done in the source side. In detail, the target side needs to know the next expected packet on uplink and the next packet on downlink (also consider that the source side have sent but not yet received acknowledge from the UE). Further, as the message sequence is split into PHY/MAC and RRC, there is a need to show the signaling messages e.g. the source RRC orders the source PHY/MAC to stop downlink packet transferring and retrieve the sequence No.. The timing of these message are shown in the figure 1 (option C-1) in the step 12.1, 12.2, 13.1, 13.2 and 15.1 and in Figure 2(option C-2) in the step 8.1, 8.2, 10.1 and 12.1
Transferring/receiving of Sequence Number to/from the UE is also a possible way. That is, refer to the Figures below, the next expected uplink packet SN is set in the step 13. HO Command of Figure 1 and step 9. HO Command message of figure 2, , and the next expected downlink packet SN is set in the step 15 HO Complete of Figure 1 and the step 12.HO Complete of figure 2.  

There is a possibility that the step 9. HO Command message of figure 2 (step 13. HO Command message of figure 1) crossing with the uplink packet received from the UE. In this case, as the next expected uplink packet SN has been sent to UE in the HO Command message, it would be much more easier for the source side not to process that received uplink packet simply because anyway the UE after receiving the HO Command message, will tune to the target side and not possible to receive ACK even if the source side keep processing. That would mean that the UE anyway after tuned to the target side will resume from the packet which corresponds to the next expected packet SN indicated by the HO Command message.

By setting the next expected downlink packet SN in the HO Complete message from the UE to the target side, can avoid the duplication of downlink packet i.e. can avoid to send packet data that have been received by the UE.
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Figure 1 Option C-1) HO procedure with MME/UPE involvement
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Figure 2  Option C-2) HO procedure without MME/UPE involvement
The following text should be reflected. (the following text is based on the text in the RAN3 e-mail discussion)
---------------------------------------------------from here
2.2.2
Option U-2) Forwarding Source eNodeB ( Target eNodeB

This option foresees that a tunnel between Source eNodeB and Target eNodeB is established, similar to the forwarding tunnel between RNCs in the Rel-6 baseline architecture. 

Regarding the user plane path switch, the following options are possible:

a. Early path switch: The path switch at the aGW is performed in parallel to the radio synchronization between UE and target eNodeB:  
Option C-1: after sending HO COMMAND message to the source RRC 
Option C-2: upon reception of PREPARE SWITCH message. 

b. Late path switch: After receiving HO Completion notification from the “target RRC” entity, the user plane path is switched at the aGW from the source to the target. 
This option requires the following actions:

U-2-1) U-Plane Handling during HO Preparation

“Source RRC” entity receives target U-Plane address(es) at the completion of the C-Plane preparation Phase (Option C-1: at receipt of the HO COMMAND message from the aGW, Option C-2: at receipt of the HO Response message from the target eNodeB). 

U-2-2) U-Plane Handling during HO Execution:

during this phase, service dependent and implementation specific handling of U-Plane is possible, 

-
either bicasting of user data from source eNodeB towards source air interface and towards target eNodeB until UP resources on the source side are released.
-
the source PHY/MAC stops sending of user data towards source air interface and forwards user data towards target PHY/MAC at receipt of the Stop-Transferring-and-Retrieve-for-SN message until UP resources on the source side are released. At the receipt of Stop-Transferring-and-Retrieve-for-SN message, the source PHY/MAC also set the next send/receive packet SN in the Answer-the-Next-Send/Receive-SN message then send to the source RRC. The source RRC forward the next expected uplink packet SN and the next downlink packet SN received from the source PHY/MAC to the Target RRC. The Target RRC forward it to the Target MAC/PHY. Source PHY/MAC after stop sending of the user data towards source air interface, it is possible to receive uplink packet from the UE. In this case, the source PHY/MAC is not recommended to process this received uplink packet.

It is also possible to set the next expected uplink packet SN in the HO Command message from the source RRC to the UE. 
-
etc.

The respective QoS information to apply the appropriate user plane handling needs to be present at the source eNodeB. 
U2-3) U-Plane handling during HO Completion

At HO Completion notification (Option C-1) or at Path Switch (Option C-2) from the “target RRC” entity, the Access Gateway switches the data path towards the target eNodeB (late path switch). 

The target eNodeB might need to re-order packets received from the Access Gateway and the source eNodeB. Sequence numbering maybe not needed for a forwarding procedure without bi-casting (only the last UP packet must be marked transmitted from aGW via Source to Target eNode B). It is possible to set the next expected downlink packet SN in the HO Complete message from the UE to the Target RRC. The Target RRC then forward to the Target PHY/MAC. The Target PHY/MAC then resume the transferring of the downlink packet (received from the source PHY/MAC) to the UE start from the SN what is indicated by the Target RRC.
---------------------------------------------to here
3.2 Inter Access System HO between 3GPP access system
The transferring of packet SN from the source side to the target side shall also apply to the Inter Access system HO between 3GPP access system. In the HO from 2G/3G to SAE/LTE (figure 7-8.2 is taken as an example) as shown in the following figure, the step 8.1 and 8.2 should be added. In case of the source side is 2G, the step 8.1 is not needed. 

23.882v0.10.0 chapter 7.8.2 (Inter access system handover between 3GPP access systems (UTRAN/GERAN and SAE/LTE 3GPP access system)) has 3 alternative solution A, B and C, the step 8.1, 8.2 and 8.1 as shown in following figure is common for those alternatives.
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Based on Figure 7.8-2 from 23.882v0.10.0: Information flow for handover from 2G/3G to SAE/LTE

3. Conclusion and Proposal
This contribution discusses the signaling message to support the lossless HO for the data forwarding.
It is proposed to capture the added step in figure 1 and figure 2 and the proposed text in chapter 2 of this contribution into the final version of the Intra LTE Access Mobility for LTE-Active. It is also proposed to discuss the necessity of step 8.1 and 8.2 of the figure 7.8-2 (which is based on 23.882v0.10.0) and if RAN3 see there is a need, discuss this topic in the joint SA2/RAN2/RAN3 meeting.
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