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1 Introduction

The discussions at RAN2#82 concluded that HOF/RLF is more likely to occur in heterogeneous networks and one way to reduce the impact of those could be to improve the recovery from RLF. 
At RLF recovery and the RRC connection reestablishment procedure, the UE typically requires
-
100-800ms for cell search 
-
80-320ms for reading MIB, SIB1 and SIB2 of selected cell 
-
58-122ms from transmitting RACH preamble for random access, then sending reestablishment request until receiving RRC connection reconfiguration and sending reconfiguration complete. After this point the DL UP data transmission would be possible. 
The above time estimate on cell search is based on the minimum UE requirements as specified in TS36.133 [1]. It shows that the main delay for the reestablishment procedure is related to the cell selection and acquisition of system information of the selected cell.
In this document we address the cell selection process at reestablishment and propose some enhancements. 

2 Discussion

Upon initiation of the reestablishment procedure, the UE will first start the cell selection process to find a suitable EUTRAN cell to try to recover the RRC connection. If this fails the UE will search for an inter-RAT cell. Depending how many carrier frequencies or RAT(s) it searches for, the cell selection time differs. In the current specification, the UE follows the same cell selection process at reestablishment as in idle mode. The UE may use some stored information of carrier frequencies and possibly also some cell information from previously detected cells to find a suitable cell. If no stored information available, the UE scans all EUTRAN frequencies according to its capabilities to find a suitable cell. On each carrier frequency, the UE searches for the strongest cell. The UE selects the cell as soon as a suitable cell according to cell selection criteria is found. 
In a heterogeneous network different layers of cells could be deployed on different carriers and different cells of various layers could be using even different technologies. In such a hybrid network, the cell selection becomes more complicated and it becomes more challenging for the UE to try to optimise this process. The long cell searching time increases the overall user plane interruption upon RLF/HOF which impacts the end user experience. On the other hand, the usual cell selection at reestablishment does not take the system load into consideration. The network cannot influence to which cell/frequency layer the UE will try to reconnect that will also benefit from the load distribution point of view. One of the challenges the operators face when deploying a heterogeneous network is to maintain a balanced system load so as to maximise the network capacity and at the same time reduce interference between cells/carriers in the network.  
The following figure gives an illustrative view of a heterogeneous deployment where macro cells and small cells are operating on multiple carrier frequencies and using different technologies (e.g. Cell 1, 2, 3 are macro LTE cells and Cell 4 including the small cell on f8 are UTRA cells.)





Figure 1 – A heterogeneous network deployment on several frequencies.

When the UE is moving within the dash circled area, the reestablishment delay upon RLF/HOF would be highly depending on the number of frequencies to be monitored for RRC reestablishment and the number of cell/frequencies that have been measured by the UE before RLF/HOF. According to TS36.133 [1] the UE is required to be able to monitor at least 3 FDD/TDD EUTRA inter-frequency carriers, 3 FDD/TDD UTRA carriers, 32 GSM carriers, 5 CDMA2000 1X carriers and 5 HRPD carriers depending on the UE capability. The exact number of carrier frequencies the UE can monitor in parallel is however not provided in the UE capability. Therefore based on the minimum UE requirement the eNB may configure the UE to measure on e.g. at most 3 FDD or TDD EUTRA inter-frequency carriers. With the configured measurement objects on limited number of carrier frequencies it is not always possible that the UE has measured on certain cell/frequency just before RLF/HOF occurs. 
The eNB may intentionally configure the UE to measure on some carrier frequency when it sees that the serving cell starts to become bad (e.g. serving cell is below A2 threshold). If the RLF/HOF occurs, the UE could start the cell search from the last frequency the UE has measured on. However it is not certain that all UE implementations behave in this way that the network has expected. 
So we consider a network assisted cell selection at reestablishment could be beneficial from both UE and network point of views. The network can provide the assistance information for cell selection by indicating:
-
The list of carrier frequencies the UE should perform the cell search (possibly in priority order)
-
The list of carrier frequencies the UE should avoid searching (to avoid the frequencies which do not have coverage for the UE)
-
Indication of whether the UE should try directly searching for other RATs, and in this case which RAT/frequency the UE should start cell selection 

This information is provided to the UE after the initial connection setup when UE enters a cell and can be updated during the connection in the same cell or when the UE enters a new cell via handover or connection reestablishment. When the UE goes to idle, the normal cell selection behaviour will apply instead. 
The information aims at guiding the UE where to perform the cell search that may consider e.g. the UE capability, the measurement reports received from the UE or other UEs, the network load situation in the current serving cell and neighbouring cells, etc. The network assisted cell selection is mostly useful in the heterogeneous network where small cells and macro cells are operating on multiple carriers. The multi-carrier network usually implies high measurement requirements on the UE. Then different technologies/RATs can be already deployed on different carriers in the heterogeneous network. It is beneficial to balance the network load in all available RATs. An indication of whether the UE should try directly searching for other RATs will speed up the cell selection to the other RATs.
Proposal 1 RAN2 to discuss network assisted cell selection to be used during RRC connection reestablishment procedure
3 Conclusion

In this document we discussed the shortcomings of the usual cell selection process at reestablishment in a multi-carrier heterogeneous network deployment and therefore propose the following:
Proposal 1
RAN2 to discuss network assisted cell selection to be used during RRC connection reestablishment procedure
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