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1. Introduction
In the last several meetings, two alternative models for LTE_ACTIVE handover were captured in the RAN3 TR [1] as shown in Figure 1 and 2. The comparison of the two models was already presented in [2], whose conclusion was that the handover break times of the two models are almost the same and other things have to be considered to select the architecture. We think that it is better to terminate RRC signalling in the ENB and thus prefer the handover model M2 shown in Figure 2.
In this document, we elaborate M2 and show detailed handover procedure for LTE_ACTIVE UEs.
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Figure 1. H/O decision in Anchor (M1)

Figure 2. H/O decision in End Node (M2)


2. Proposal
2.1 Pre-configuration
In current SRNS relocation in UMTS, when the source RNC decides to handover the UE to the target RNC, it sends the ‘Relocation Command’ message to the source RNC after the target is prepared for the handover. It can be called as the pre-configuration phase and it can reduce the handover interruption time significantly. 
Without pre-configuration phase, target node needs to obtain all the configurations of the UE by communicating the source node or UE. Otherwise, it has to renegotiate the configuration with the UE. In both cases, signalling loads on the radio or the network sides are not reduced compared to the handover with pre-configuration, while the interruption time increases significantly. 
On the other hand, pre-configuration is not free. Because pre-configuration reserves resources in the target before actual handover, it can waste resources in the target. Thus it would be better to pre-configure the target as late as possible. 
In our assumption, pre-configuration can be done during the time from ‘measurement report’ such as ‘best cell change’ to actual ‘handover command’ to the UE. For example, if the pre-configuration can be within 50ms, even if the UE is moving at a speed of 300km/h, UE moves only less than 5m before preparation is done. Considering that the handover normally takes place at the edge of a cell and the cell size will be a few kms, several meters are not so big to degrade the radio condition. 
Thus if handover break time is so critical that we cannot meet the required handover break time without help from the network side, it is proposed to adopt pre-configuration in the target as a basic approach for handover in the LTE and it be done during the time from ‘measurement report’ such as ‘best cell change’ to actual ‘handover command’ to the UE. Figure 3 shows our proposal for pre-configuration.
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Figure 3. Pre-configuration
2.2 Inter-ENB (Iur+) interface
In LTE architecture, because ‘drift’ concept is not considered, we can live without inter-ENB interface (Iur+). But in M2 model, a direct connection between inter-ENB can be considered to convey such signal as handover related and it can also be used for context and data forwarding.
Table 1 compares the pros and cons of both architectures in the handover perspectives.

Table 1. Comparison of architectures with and without Iur+ interface.
	
	Iur+
	No Iur+

	Security association
	Security association between ENBs may be needed.
	Not needed.

	O&M overhead
	ENB has to remember all the addresses of the neighboring ENBs.
	No overhead.

	Processing overhead
	No overhead.
	Anchor has to filter out inter-ENB messages from normal Iu+ messages.

Additional processing time is required.

	Transport delay
	No overhead.
	If daisy chain is used to connect ENBs to the anchor, more transport delay is needed.


Considering the security association and registration of the neighboring ENBs are rather static, which can be done at initial stage, e.g., at ENB deployment, by O&M, these seems not limiting factors in introducing an Iur+ interface. On the other hand, processing overhead and transport delay incurred by no Iur+ interface are dynamic ones that can impact the performance of handover and pose a burden on the anchor. However the overhead is thought to be little.
Based on this, we propose to allow both options. 
2.3 Path switching
In current SRNS relocation in UMTS, downlink data path from SGSN to RNC is switched after the ‘relocation complete’. The same scheme can be used in LTE as shown in Figure 4. But this can cause additional interruption time in downlink data transmission, even when the radio is ready. 
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Figure 4. Path switch after radio is ready

Considering that UE will not be accessible by the source ENB after ‘handover command’ is sent to the UE, it would be better to switch the path to the target ENB somewhere between ‘handover command’ is sent from the source ENB and ‘handover confirm’ is received by the target ENB. By this scheme, we can also expect the number of packets forwarded from the sENB to the tENB is reduced. 
Thus we propose source ENB send a separate message ‘path switch request’ to the anchor at the same time it sends ‘handover command’ to the UE to trigger path switch in the anchor. Figure 5 shows our proposal.
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Figure 5. Path switch at the same time as ‘handover command’
2.3 Lossless handover
Two methods can be considered to achieve the lossless handover. One is the data forwarding from the source node to the target node and the other is bi-casting from the anchor. 
Someone can argue that bi-casting is more fitted to the path switching mechanism shown in Figure 5 because it automatically supports fall-back mechanism, i.e., in case UE fails to communicate with the target, there is no need for back-ward data forwarding. 
But even if bi-casting is used, data forwarding from the source to the target is inevitable to guarantee lossless handover because there can be remaining downlink data in the source ENB which were received from the anchor before bi-casting has started but not yet sent to the UE. In addition to this, in bi-casting, before sending the data to the UE, target node should be aware of the sequence number up to which the source node has succeeded transmission. Moreover, more backhaul cost is expected for the bi-casting compared to the data forwarding method. 

Thus, we propose bi-casting be ruled out in LTE_ACTIVE handover.
2.5 Overall handover procedures
 Figure 6 shows the proposed handover procedure for LTE_ACTIVE UEs.
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Figure 6. Handover procedure (Normal case)

  In the figure, Phase I corresponds to the handover pre-configuration phase. Because OFDM involves hard handover, as soon as H/O command is received by the UE, UE shuts down the radio connection with the source cell and starts ranging to the target cell for synchronisation. After the synchronisation, H/O confirm message is sent to the anchor via target Node B resulting in a successful handover. In the above figure, we can see that the actual handover break time is Phase II which corresponds to the ranging time. 
  Figure 7 shows the procedure for error recovery, e.g., when the UE has lost the connection with the source after passing through long tunnel. If UE senses problems in communicating with sENB, it can request handover to the tENB directly. On receiving this handover request, tENB retrieves data and contexts from the sENB and sets up user plane with anchor. Note that this procedure can also be a default handover procedure, if required handover break time is not so critical.
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Figure 7. Handover procedure for error recovery (lost connection with the source)
  Figure 8 shows the procedure in case a UE fails to connect to the target ENB after receiving ‘handover command’ from the source. In this case, it is natural for the UE to try to re-connect to the original ENB. Thus we assume a ‘handover failure’ message would be sent to the source. Upon receiving this message, source can schedule the remaining data in its local buffer if there is any. (We assume that the forwarded data will not be expunged in the source until the ‘handover complete’ message is received.)
At the same time, ‘handover cancel’ message is sent to the anchor and the target ENB to cancel the prepared handover procedure. In this case, because the path has been already switched to the target the fall-back mechanism to switch the path back to the source is needed. Upon receiving ‘handover cancel ’message, anchor switches the path back to the source and the received data in the target is forwarded to the source. After forwarding all the data, target removes UE context and user plane for this UE. 
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Figure 8. Handover procedure for fall-back scenario (cannot connect to the target)

Because this error case would be relatively rare, we think this backward data forwarding mechanism is viable considering the benefit we can get by adopting early path switching. 
3. Conclusion

In this document, we have proposed handover procedure for LTE_ACTIVE UEs. It is proposed that we capture the concepts of the handover procedures proposed in section 2 in RAN3 TR. 
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Figure 1. H/O decision in Anchor (M1)


Figure 2. H/O decision in End Node (M2)
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