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1. Introduction
The purpose of this paper is to consider network-based solutions to inbound mobility in the presence of PCI confusion. PCI confusion may happen in a heterogenous deployment of HeNBs – both for Rel-8 and Rel-9. It is therefore worthwhile to consider solutions for both scenarios. 

Few points of note:

-
Rel-8 does not define any suitable mechanisms to resolve PCI confusion at the source eNB, i.e., there is no reliable method available to have the UE report the CGI associated with the target eNB at the source 

-
In order to report the CGI associated with the target eNB to the source in Rel-9, extra measurements are needed which may result in higher RLF, i.e., the UE may not be able to read the CGI due to signal strength changes that occur while the UE waits to read SIB1 from the target cell, and then report it back to the source cell. Methods for resolving the PCI in Rel-9 were discussed at length in RAN2#65bis [1 - 10], with no solution yet agreed upon. 

Therefore, PCI confusion may exist at the source eNB for Rel-8 UEs, and (in some cases, at least) even for Rel-9 UEs. As such, it is imperative for RAN3 to consider network-based solutions to this situation.

2. Discussion
When a UE does go into RLF, we propose that allowing the target cell to fetch the UE context and data from the source cell achieves the most efficient solution.
2.1. Context Fetch Solution

The target cell may fetch the UE context and data by sending a “context and data fetch” backhaul message to the source cell. This way, the RRC Connection can be re-established and Idle State may be avoided. This solution has the following advantages:
· Reduced latency because the UE does not have to set up a fresh connection

· Delivery of data buffered at the source when RLF happened, and also of data in the pipe from SGW to source.

· No Idle State transition for many RLF cases, because re-establishment has much greater chance of succeeding

· No change to UE: This solution works with Rel-8 UEs also.

The details of the context fetch solution are shown below, with a single new message shown in red. In this message, the target eNB includes the source C-RNTI (from step 3). The new Context and Data Fetch Request message may be sent either over X2-AP or S1-AP to initiate the context transfer from the source to target eNB.  
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Figure 1: Context Fetch Solution

2.2. Advatages of Context Fetch Solution
Same solution works for Rel-8 and Rel-9 UEs: In RAN3 #63bis, there was some agreement that a solution that supports both Rel-8 and Rel-9 UEs would be considered favorably. 
Works for dense deployments with femtocells or picocells: For dense deployments with hybrid CSG cells or picocells, there is PCI confusion, i.e. there is more than one neighbour of the macro cell with the same PCI. Further, RAN3 LS indicates PCI confusion exists in macro cells also [5].  It is desirable in such a scenario to support smooth handover for UEs. One method to resolve the confusion and accomplish handover is to require the UE to report the CGI of the target cell prior to handover. However, this method has the following problems, and details may be found in 3.3
· not available for Rel-8 UEs

· has a certain probability of failure for Rel-9 UE that may not be able to read the CGI due to signal strength changes that occur while the UE waits to read SIB1 from the target cell, and then reports it back to the source cell.

For these reasons, the UE may enter RLF as it gets close to a cell with confusing PCI. Since it is unfeasible for the network to prepare many small cells for handover, a more scalable design is to use context fetch to complete the handover. 

Minimal changes to network protocols: It is to be particularly noted that the network based solution is implemented through the use of a single new message over the backhaul, as it utilizes existing handover procedures. Consequently, it has low impact on standardization and implementation timelines. 
SUMMARY: Context fetch works with the existing Rel-8 UEs. Moreover, the change needed to support context fetch in the RAN is very minimal, while providing significantly better AS level solution compared to currently available alternatives.
2.3. Alternatives to Context Fetch Solution
2.3.1. Multi-cell preparation
Multiple-eNB preparation is a method to improve handover robustness, and it allows for RRC re-establishment to be possible at a number of neighbour cells. This solution however, presents several following difficulties, and details may be found in [yy]. 

· Advance multiple eNB preparation involves the use of greater number of radio resources at the prepared cells, with an average of more than one RNTI being allocated per UE in the network. Multiple cells also need to perform admission control and potentially reserve bandwidth resources for the same UE.

· Re-establishment to a prepared cell may cause AM data buffered at the source cell to be lost.

· Need to fine tune algorithms at the eNB to decide on the cells to be prepared, and to cancel cells that are prepared.

· Need to synchronize the UE context across all prepared cells, and potential for context mismatch between the UE and the prepared cell after re-establishment.

· Multiple eNB preparation is not supported over the S1 interface (refer to 8.4.1.1 of [15])
2.3.2. NAS Recovery

In a Rel-8 network, if an UE goes into RLF, the recovery mechanism is through NAS mechanisms. re-establishment of the NAS connection suffers from a loss of data buffered at the source eNB.. Unfortunately, in a dense heterogenous deployment, an UE will frequently handover to/from cells with PCI confusion. As we have discussed in Sec 1, each such handover event will end in RLF, and will result in loss of buffered data at the source cell for every such event.
In fact, an AS stratum solution to the failed RLF recovery has been discussed before in RAN2 ([11], [12]), with the intention of adopting such a solution in a later release. In an LS sent from RAN2 [13], it was recognized that an AS solution should be the most optimal one from a system point of view. This was in response to a CT1 LS [14] stating that AS recovery should be improved as much as possible. Nevertheless, a complete AS solution to the problem was not entertained at that time due to the time constraints for completing Rel-8 and the late phase when this issue was recognized. As a consequence, a NAS solution was adopted in Rel-8 by RAN2, with the intention of providing an AS solution in a future release [13].
3. Conclusions
Proposal: The target cell send a context fetch message to the source cell requesting the UE’s context and data after the UE has undergone RLF due to PCI confusion. Handover procedure between the source and target cell is activated as a result of this message. 
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