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1. Introduction
In this contribution, we firstly review current alternatives of the handover failure procedure which are currently captured in TS 25.813. We note that these alternatives could be also used for other cases than handover failure case, such as UE entering a coverage hole during a short period of time. After analysis of each alternative, we propose our preferred alternative as a way forward. 
2. Discussion

Currently there are four alternatives under consideration as listed below:

· Alt 1: old eNB ID retrieved from UE (TR 25.813): in order to obtain the UE context/data from the old eNB, the new eNB directly contacts the old eNB without consulting the aGW.

· Alt 2: old eNB ID retrieved from aGW (TR 25.813): in order to obtain the UE context/data from the old eNB, the new eNB consults the aGW to obtain the identity of the old eNB

· Alt 3: no eNB ID (TR 25.813): In order to obtain a UE context, the new eNB contacts the aGW.

· Alt 4: connection re-establishment (RAN3 working assumption): UE is forced to RRC IDLE state and connection is re-established.

The figure 1 below illustrates the detail procedure of alternative 1. Once UE found a new eNB, it reports a cell update containing both old eNB identifier and S-RNTI. Note that the S-RNTI is a unique UE identifier within the eNB. Currently this S-RNTI is not defined in RAN2 TR25.813 but one could do so by setting S-RNTI as combination of C-RNTI and cell identifier. Based on cell update message, the new eNB contacts old eNB which then forwards the CN related info such as TMSI, MME and UPE ID. The old eNB may also forward other parts of RRC context such as RB related info. 

It is the significant merit of the first alternative that the aGW does not involve except switching the path after the new eNB gets forwarded RRC context. From aGW view point, this procedure may look similar to normal handover procedure so that a new eNB requests path switch due to UE mobility. 

The implication of this alternative is that the new eNB should be able to contact the old eNB, i.e. Knowing the contact address of old eNB etc.  During a handover failure, it would be a neighbouring cell of old eNB to which UE would try to establish a new connection so that new eNB probably knows the old eNB address. 
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Figure 1: UE informs the old eNB ID to new eNB

In figure 2 shown below, we explain first the detail procedure of alternative 2. Once UE found a new eNB, it informs of old eNB identifier, S-RNTI, TMSI and MME identifier. If the same concept as Iu flex is applicable, MME ID, i.e. NRI, is a part of TMSI. Instead of consulting directly the old eNB, the new eNB asks the address of old eNB from MME which then forwards the address of old eNB. The rest of procedure is similar to the alternative 1. In this alternative, receiving upon address resolution request from new eNB, the aGW could stop sending further downlink packets to the old eNB by temporally buffering them instead. This could avoid the amount of data forwarding from old eNB to new eNB later on if data forwarding is performed in case of handover failure. If data forwarding is not performed, the amount of data loss could be minimised.
The merit of this alternative is the easiness of identification of old eNB address by relying on the upper layer node compared to alternative 1. Nonetheless we see a clear disadvantage of this approach that is the involvement of aGW. Compared to normal handover procedure, this alternative requires a new behaviour of CN side node aGW.  
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Figure 2: GW informs the old eNB ID to eNB
Next, the third alternative is captured in the following figure 3 where key difference compared to previous two alternatives is no need for RRC context forwarding from old eNB. In fact, the new eNB gets SAE bearer setup info from MME and it gets RB related info from the UE instead of old eNB. The old eNB can clear out its RRC context based on notification from MME or new eNB.
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Figure 3: no RRC forwarding from old eNB
Finally the connection re-establishment procedure is illustrated in figure 4 where UE makes a fresh new start after connecting to new eNB. 
We see alternative 4 is not an alternative rather it is mandatory procedure since one cannot assume any new eNB has a logical connection to any old eNB. Of course, some eNBs would be likely to have some logical connections with some neighbouring cells but we cannot assume all logical connections are available between all eNBs. Hence alternative 4 is mandatory option regardless of having other option in addition to improve the performance (such as packet loss). 
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Figure 4: Connection re-establishment (Restart from IDLE)
	
	Option 1

Old eNB ID retrieved from UE

	Option 2

Old eNB ID retrieved from aGW
	Option 3

No RRC context forwarding from old eNB
	Option 4

Re-establishment

	Complexity at old eNB

	Need for RRC context forwarding when requested.

	Need for RRC context forwarding when requested.
	No need for RRC context forwarding.

	No need for RRC context forwarding.



	Complexity at new eNB
	Support for RRC context forwarding
Support for maintaining eNB list.
	Need for RRC context forwarding
	No need for RRC context forwarding.
	No need for RRC context forwarding.



	Complexity at aGW

	No new procedure required.
	need for handling of old eNB tracking inquiry from new eNB.
	Need for handling of UE context request from new eNB.
	No new procedure required.

	Complexity at UE 
	Need to store and send the old eNB ID to new eNB

	
	
	No new procedure required.

	Complexity at X2
	Need for logical connection between old and new eNB

	Need for logical connection between old and new eNB


	No Need for logical connection between old and new eNB


	No Need for logical connection between old and new eNB



	Need for informing UE of the eNB ID
	YES

	YES
	NO
	NO

	service interruption time
	TBC

	TBC
	TBC
	Equal to IDLE->ACTIVE transition time

	Packet loss
	Lossless (assuming that data forwarding is preformed)
	lossless (assuming that data forwarding is preformed)
	lossy
	Lossy

	
	
	
	
	


Table: Complexity comparison
3. Conclusion

In this contribution, we reviewed the pros and cons of each alternative and we showed that alternative 4 is not an optional procedure assuming partially meshed logical connections among neighbouring eNBs and also it provides a minimal impact to aGW. Hence we propose RAN2 to adopt: 
· Alternative 4 is as base line approach and study further whether other alternative is needed to improve the performance.
