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1 Introduction

At the Orlando meeting in June, RAN2 has come up with a solution to address the scenario of RLF (Radio Link Failure) after the preparation phase (see incoming liaison in R3-071308 corresponding to R2-073004). The possibility to prepare multiple target cells has also been considered as an optimisation and RAN2 asks RAN3 to look at this from an interoperability perspective:
ACTION: 
TSG RAN2 kindly ask TSG RAN3 to note the above and consider the effect on interoperability of eNBs in multi-vendor environment.
This paper investigates the possible impacts under RAN3 scope. The outcome of this paper can be used as material for a reply LS to R3-071308.
2 Description of some potential issues induced by the “multiple preparations” feature
The data forwarding phase currently starts when the source eNB receives the Handover Request Ack message (step 6.) from the target eNB which indicates the end of the preparation phase for that target eNodeB, as shown in the figure 1 below. 
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Figure 1: Current situation: forwarding started after step 6.
When the source eNodeB triggers multiple preparation procedures towards several target eNodeBs, the UE will however still finally succeed the handover only towards one of those target eNodeBs. But the source eNodeB has no means to know which target eNodeB will be finally elected (e.g. in the case of RLF and HO Command not successfully delivered to the UE) at the time it receives the Handover Request ack messages from the multiple target eNodeBs.  
One problem is thus that the source eNodeB doesn’t know towards which target eNodeB it should trigger data forwarding after step6.   This is shown in the Figure 2 below:
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Figure 2: New situation with multiple prepared target eNodeBs
As also shown in this figure 2, the data forwarding from source eNodeB could only potentially start after receipt of message 13. sent by the elected target eNodeB, that is to say very late, too late.

Another issue to solve by the multiple preparation feature is that the source eNodeB is able to cancel the useless prepared contexts in the non-elected target eNodeBs only after step 13. as well. This could be obviously optimized since the elected eNodeB is known earlier: at message step 10. Thus, useless prepared contexts are kept in the non-elected target eNodeBs between step 10. and step 13. This is to be multiplied by the number of UEs in handover situation.
3 Description of possible solutions to solve the new issues
Three solutions can be envisioned to avoid in particular the “too late forwarding” highlighted in the section above.
3.1 Solution 1: the duplicate forwarding
One solution is that the source eNodeB starts multiple data forwarding procedures towards all prepared target eNodeBs. This solution is described in the figure 3 below:
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 Figure 3: the duplicate forwarding solution 1
However, it is obviously useless, cumbersome and bandwidth consuming to forward the data towards those eNodeBs which will finally not be elected in the end.
3.2 Solution 2: the selective forwarding

The source eNodeB triggers the forwarding only towards the preferred target eNodeB (which is also the one where the UE has the highest probability to succeed the handover) after step 6. and only triggers the data forwarding towards any other target eNodeB if and when it gets an indication from that other non-preferred target eNodeB that it has finally been selected by the UE. 
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Figure 4: the selective forwarding solution 2
Compared to solution 1, in 90% (symbolic figure of course) of cases where the elected target eNodeB is the preferred one, the duplicate forwarding is avoided. However the solution is still not optimized for the remaining (10%) cases where one of a non preferred target eNodeBs happens to be finally selected. 
In those cases indeed, source eNodeB is still informed quite late (after message 13. in the figure 4 above) which makes the forwarding almost useless in those cases. Similarly, another drawback is that the cancel to the preferred target eNodeB number 1 can only be done late as well i.e. after message 13.
Solution 2 is thus overall more complex while not optimized for all cases.
3.3 Solution 3: the improved selective forwarding

One could remove the remaining flaws of solution 2 by adding two elements:
· one new information element in Handover Request message 4. by which source eNodeB  indicates to the target eNodeB if it is the one preferred or not (see message 4a in figure 5),

· then if the target eNodeB is not the one preferred but is still selected by the UE in the end, it could indicate this to the source eNodeB as soon as possible by a new specific message (see message 10bis in figure 5) that comes earlier in the handover process than today message13. The target eNodeB can actually indicate this as soon as it receives the Handover Confirm message (current message 10. in the figure).
The overall solution 3 is described in the following figure 5:
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 Figure 5: the improved selective forwarding solution 3
The new message 10bis, which is sent to source eNodeB only in the 10% of cases when a non-preferred target eNodeB is selected, enables the source eNodeB to start the forwarding to the selected target eNodeB earlier in these cases and also to cancel immediately the prepared contexts which are uselessly pending in the non selected target eNodeBs. This solves thus easily the two issues raised in section 2.
3.4 Comparison of the solutions 

The improved selective forwarding solution 3 avoids to forward the data uselessly towards multiple target eNodeBs that will not be elected in the end like in solution 1.

This means a gain in complexity and bandwidth occupancy. 

Also, by keeping the forwarding towards the preferred eNodeB as soon as reception of handover request ack message (like today when there is a single prepared target eNodeB), the forwarding remains optimally efficient in the vast majority of cases where the preferred target eNodeB becomes selected by the UE in the end.

Besides, by adding the new message 10bis, the forwarding towards non preferred target eNodeBs can start earlier (after message 10) that if it were started after message 13 (where it would be too late) in the cases where a non preferred target eNodeB happens to be finally selected by the UE. Solution 3 therefore outperforms solution 2.

Also, with the new information element in message 4., the target eNodeB knows if it is preferred or not in this handover so that when it is preferred it never sends the new message 10bis when it becomes selected by the UE. Therefore the new message 10bis is only sent when a non preferred target eNodeB is selected by the UE which means in rare cases. This makes the gain of the overall solution 3 without the pain of increasing whatsoever the signalling load
Another additional advantage of solution 3 is to enable to cancel the context prepared in the preferred eNodeB as soon as possible in the cases where a non preferred eNodeB happens to be selected by the UE. Indeed in that case the source eNodeB can send the Cancel message to the preferred target eNodeB as soon as receiving the new message 10bis. (otherwise would need to wait reception of message 13.)
4 Conclusion

This paper has investigated the interoperability of the “multiple target eNBs preparation” feature from a RAN3 perspective as requested by RAN2 in LS R3-071308 (R2-073004).

It has spotted some potential issues in section 2 on the forwarding mechanism and on resource occupancy and investigated three solutions in section 3.1, 3.2 and 3.3. It has found that solution 3 described in section 3.3 was a suitable solution with little impact on RAN3 specifications.
It is proposed:

· that RAN3 agrees on solution 3 described in section 3.3 and Alcatel-Lucent volunteers to update TS36.300 and 36.423 accordingly,
· Alcatel-Lucent volunteers to liaise back RAN2 with the following statements:

 “ RAN3 has analysed the interoperability of the “multiple target eNBs preparation” feature at RAN3#57 and found no show-stopper. Moreover, it has agreed on some optional modifications in the handover procedure to be supported by eNB vendors to provide the optimal efficiency for the feature”.
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