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1
Introduction

Once handover preparation process has made its decision and the resources are allocated in the Target eNode B the handover execution phase is entered. This document handles handover execution for ACTIVE/ACTIVE state.
For the purposes of this discussion we split the procedure into the following functional parts we also assume the GSM model, the objective is to identify high level stage 2 requirements for the handover execution:

· Radio Channel switch  (Radio procedure for the UE, from the source eNode B to target eNode B)

· Handover  termination (Cleaning-up afterwards)
2         Discussion 
Radio Channel Switch  
2.1 Control plane considerations
Source eNode B

The source eNode B sends the HO CMD message to the UE using a high priority SRB (higher than normal RRC and NAS signaling). The source eNodeB is unaware of the contents of the HO CMD message and what resources have been allocated in the target eNodeB. The source eNodeB is only aware that the mobile is to detach off the resources it has allocated and it may return if it is unable to attach to the target cell.
The source eNodeB is allowed to continue DL and UL data transmission to the UE and should ignore errors (time outs etc) that may occur in lower layers during this procedure up until the time either the target eNode B indicates that the handover is successful or the UE indicates failure of the handover.

Upon handover completion, the source eNodeB should then forward any unsent NAS signaling to the target eNode B. It is FFS as to what the status of the on going RRC procedures is after handover is triggered and is left as a Stage 3 issue.

It is unclear for LTE what the NAS QoS requirement is for both “loss less” and “in order” delivery. If both “loss less” and “in order” delivery is required then the X2 and S1 interface should have the necessary mechanisms in place to guarantee that the source eNode B can maintain the QoS requirement for NAS signalling.
The source eNodeB shall maintain the old control channels necessary to allow a re-establishment of the old control channel, in the case the mobile returns to the old channel side.

Target eNode B requirements

The target eNode B will deem that handover is successful by RRC signaling. I.e. the reception of the HO CMP. It can then re-establish UP and CP transfer.

UE requirements
Old channel: When the HO CMD is received the UE remembers the source cell context and disconnects off the source cell. The mobile shall be required to attempt to acknowledge the HO CMD message (at MAC or RLC layer?). Once the acknowledgement attempt is made the UE disconnects off the old channel.
New channel: The mobile then performs the necessary layer 1 synch (Ran1), establishes the SRBs and transmits the HO COMP.
The handover is deemed complete in the UE when the HO COMPLETE is sent on the radio interface. It is assumed that the mobile maintains timer(s) to supervise both connection to the new channel and the release of the old channel.
2.2 User plane considerations

After the source eNode B sends the Handover command to the mobile it needs to decide at what point that it should suspend sending data to the mobile and when to forward data to the target eNode B. It is likely that the precise point will not be standardized but at least we should know what the UEs behavior should be and this should be specified in order that the network knows (to within certain limits) when could be the best time to perform the switch.
As far as the control signaling part is concerned, the point at which the mobile should be allowed to disconnect off the old channel is after it has at least attempted to acknowledged the reception of the Handover command at which layer this should occur is for discussion as either MAC or RLC layers may be options. As a result, the data forwarding at source eNode B may be started immediately after it received the UE acknowledgement.
In shanghai meeting, we have drawn the conclusion that:

· the RLC entity will be reset;

· no RLC context will be transferred between two eNode Bs ;

· forwarding of data based on RLC SDU may be supported between source and target eNodeB. 
For AM Operation
It is likely that data forwarding is required for non-real time type services for downlink transmission where loss less or lossy QoS is required. It is likely for these services using AM transmission mode at RLC, so that during a handover a reasonable number of packets will remain in the source eNode B due to some are not transmitted and some are transmitted without acknowledgement. Given the fact that at the moment handover is triggered one can assume that a number of packets are left in the source eNode B so it is suggested that selective forwarding is performed to improve the radio resource efficiency. Selective forwarding has the same simplicity of cumulative forwarding, thanks to RLC transmitter need anyway to keep track of what data has been successfully transmitted. If cumulative forwarding is applied, one very early non-acknowledged packet will lead to all successfully received packets after that one retransmitted in target eNode B. Besides, transmission buffer could not be updated even packets are successfully acknowledged unless continuous numbered packets are acknowledged.  Downlink reordering will be performed by the UE PDCP and we suggest that when the mobile is configured to perform reordering in both PDCP and RLC, then the mobile should suspend RLC reordering for some time after the handover is completed. This will reduce UP delay introduced by the handover procedure.
Selective forwarding from eNode B to aGW during HO for uplink transmission is preferred for the same reason of transmission efficiency and buffering impact. NW may optionally perform high layer (PDCP) re-ordering depending on implementation. Therefore, UE need only retransmit unsuccessfully Acked SDUs to the target eNode B after HO. There might be some duplication due to the loss of acknowledgements from the source eNode B, and it is assumed that higher layers can detect and resolve this problem.
For UM Operation

For real-time services, there is no acknowledgement scheme in RLC layer and the buffering of not been transmitted data are limited because of the service attribute, there might be no need for eNode B to perform data forwarding. The RLC entity for transmitter and receiver can be simply reset after handover. However, this also depends on buffering design in eNode B which is FFS. 

3         Conclusion
Stage 2 Conclusions
Stage 2 Conclusion control plane

· HO CMD is built by target eNode B. HO CMD message is transparent to Source eNode B and sent in acknowledge mode to the UE (Transparent, in the sense that the source eNode B is unaware of the procedures or resources allocated by the target eNode B)

· The source eNode B shall ignore lower layer failures and maintain resources in the source cell in case of handover failure and the return of the mobile on the old cell.

· The UE shall attempt to send the low layer acknowledgement for the HO CMD before disconnecting off the old channel and establishing the new channel.
· Handover is deemed complete by the network upon reception of HO COMP.

· Handover is deemed complete by the UE when sending HO COMP

· NAS control signaling: It is assumed that the QoS for NAS requires “Loss less” & “in order delivery” therefore the source eNode B should forward NAS messages to the target eNode B.
Stage 2 Conclusion User plane

· Selective forwarding is suggested for both uplink and downlink transmission from source eNode B to aGW and from source eNode B to target eNode B during handover.

· Re-ordering in UE PDCP layer is used to cover out-of-order transmission, while UE RLC re-ordering is suspend after HO.

































