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1. Introduction

Radio link failures (RLFs) may happen at anytime, however the eNB has already started to prepare the handover because of a fading channel. While UEs experiencing an RLF and reappearing in a cell of another eNB had so far been intended to go via RRC_IDLE, this was agreed to be unnecessarily time-consuming for cases where the new eNB could have been prepared beforehand to accept the UE. For this purpose, the handover preparation in the form of the Handover_Request message can be sent to multiple eNBs which are thus able to recognize the UE [1-3]. Then, the UE is able to carry on with its old context after having chosen the new eNB during the mobility phase of the RLF. In this tdoc, we propose to incorporate an indication bit into the Handover_Request message that gives a recommendation to the eNB whether to allocate resources for the UE or not.

2. Open Issues on sending multiple Handover_Request Messages
The current status in 3GPP allows sending the Handover_Request message to multiple eNBs. The following problems can occur if no differentiation between the designated target and the alternative targets eNBs is done in such multiple Handover_Request messages.

If no distinction is made and if the HO is successful at the designated target eNB the following negative effects occur in the alternative target eNBs in vain.
· Reserved Radio Resources, e.g. bandwidth blocked for the duration “T> T1+T2” (RLF timers), leading to unnecessary rejections to other UE’s handovers
· See [4] for exemplary RLF timer T1: 500 ms; RRC_IDLE timer T2: 20,000 ms
· Depending on UE mobility a lot of HO Requests can occur blocking the eNBs to accept normal (not-RLF) HO requests

· Additional C-RNTI and RACH preambles to be reserved for the “not-performed” HOs
3. Discussion & Proposal
The before mentioned problems can be solved by the distinction whether resources are recommended to be reserved or not during Handover Request by means of a so-called “allocation bit”.

Fig.1a) illustrates a typical handover scenario with the Handover_Request message sent to multiple eNBs. As target eNB1 is the designated target for the handover, the resource allocation bit is set to 1 asking the eNB to reserve resources for an upcoming UE. All other candidate eNBs store the UE context and thus make it possible for the UE to access without going via RRC_IDLE, but the low RLF probability does not justify the reservation of precious radio resources. This is why the resource allocation bit is set to 0. Then the source eNB is implicitly informed which eNBs have allocated resources by the reception of the Handover_Request_ack message. 
In Fig.1b) a scenario is shown where an RLF occurs. Instead of reappearing at the designated target eNB1, the UE contacts another eNB that has not allocated any resources for it. This eNB has stored the context information of the UE so the UE can access it while staying in LTE_ACTIVE. Since this (actual target) eNB was the UE’s choice in the framework of UE-based mobility, it has to reserve resources accordingly. Now the UE is completely detached from the source eNB and eNB2 can send a Release_Resource message, possibly including RNL/TNL information for the forwarding tunnels, to the source eNB. Eventually, the forwarding is started.

In the meantime, the designated target eNB1 still holds the originally reserved resources and would in principle continue to do so until a timer expires. However, it would be advantageous if the source eNB informed the designated target eNB1 that it can release these resources by means of a Handover Cancel message.
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Fig.1: Handover preparation involving several eNB candidates. Only the designated target eNB (target eNB1) is asked to reserve radio resources. a) Regular case: The designated target is the actual target. b) RLF before handover execution: The UE appears at another eNB (candidate eNB2) than the designated target eNB.
4. Conclusion

Proposal:

· An allocation bit is included into the Handover_Request message in order to differentiate between the designated target eNB and other eNBs that are only prepared for RLFs.
· In case of RLF, the eNB chosen by the UE sends a Release_Resource message to the source eNB; the source eNB additionally sends a Handover_Cancel message to all other eNBs that have sent a Handover_Request_ack message.
Advantages:

· An eNB receiving a Handover_Request message is able to judge whether it is the most likely candidate to adopt the UE (i.e. whether it is the designated target eNB) and can reserve resources accordingly. Allocations that are likely to be unnecessary can thus be avoided.

· In case of RLF, both source eNB and designated target eNB are informed as soon as an eNB other than the designated target eNB adopts the UE and can release their resources long before the corresponding timers expire.
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