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This paper discusses RRC re-establishment on SeNB. We first investigate the feasibility of re-establishment with current procedures. To help the UEs perform better cell selection among SeNBs, we then propose potential enhancements for re-establishment on SeNB, from both MeNB and UE aspects.
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Most discussions on RLF and RRC re-establishment for DC implicitly assume that the UE performs re-establishment on macro cell layer (either the original or another MeNB). With DC, UE has measurements on SCG and therefore it is possible to select the SeNB for re-establishment.
It has been argued that since the SeNB is usually not “fully prepared,” re-establishment on SeNB is likely to fail. However, for re-establishments due to RLF-related causes, there may not be available MeNB link (otherwise, a “normal” handover procedure should be performed). Therefore, we need to study potential procedural modifications and enhancements to ensure successful RRC re-establishment on SeNB.
Re-establishment on SeNB with current procedure
To minimize the impacts on specifications, we first investigate whether successful re-establishments on SeNB is possible by applying current re-establishment procedure and reusing other RRC procedures already defined in the specifications.
Before declaring M-RLF, some measurement events are expected to be triggered in MeNB, and the MeNB enters the handover procedure accordingly. During handover procedure, the source eNB prepares target eNBs by forwarding UE context to the target eNBs. Notice that the source eNB may prepare multiple target eNBs. In DC, good channel condition between SeNB and UE is generally assumed, and the SeNB may also be one of the prepared eNBs.
Observation 1:	The SeNB may also be a prepared target eNB. In this case, successful RRC re-establishment on SeNB can be expected.
In case the SeNB is not a target eNB, it possesses only partial UE context and may not be considered fully prepared. However, this does not necessarily lead to RRC re-establishment failure on SeNB. If such a SeNB is selected, we believe that the “context fetch” procedure which is agreed for HetNet mobility can be reused to ensure successful re-establishment.
Observation 2:	Even if the SeNB is not prepared, re-establishment can be successfully completed by reusing the context fetch procedure applied in HetNet mobility.

Enhancements for RRC re-establishment on SeNB
From the discussions above, we observe that re-establishment on SeNB is possible using procedures defined in current specifications. However, doing re-establishment to the “wrong” cell may lead to handover after the re-establishment, to establish connection to MCG to again configure the UE into DC mode. It may also lead to increased RLF, when fast UEs re-establish to small cells. Therefore, we argue the need of enhancements for UE to perform cell selection for re-establishment on SeNB.
Proposal 1:	Enhancements are needed for UE to perform cell selection for re-establishment on SeNB.
In what follows, we discuss potential enhancements from both MeNB and UE aspects.
Enhancements from network aspect
Although the cell selection is performed by UE, it may be beneficial if MeNB can inform UE of the preferred SeNBs or those to be skipped during cell selection for RRC re-establishment. For example, if the backhaul delay toward a certain SeNB is longer than some threshold, the UE context fetch may be too slow to allow successful re-establishment. In this case, the MeNB should inform the UE not to perform re-establishment on this SeNB.
SeNB is defined as the “secondary” eNB with which the serving cells in SCG associate. Although we typically regard the SeNB as a “small” eNB, establishment of SCG on an eNB with macro coverage is still possible. If SCG is established on a macro eNB, it is unnecessary to restrict the UE from camping on SeNB. Furthermore, even we consider only small SeNBs, the actual coverage size can vary and may affect the values of offsets in S-criterion as well as other parameters. Since the UE may not possess such coverage information, we propose that the MeNB should inform UE explicitly about the coverage of SeNB upon SeNB addition.
In summary, we see two alternatives considering enhancements from network aspect:
Alt 1:	The network indicates to the UE which frequency is preferred for reestablishment, and this preference is used in cell selection. If this is provided by dedicated signalling, the network can take into account e.g., UE speed.
Alt 2:  	The network informs the UE the size of a cell, or typical size of cells on a frequency, in a low granular way (femto, pico, micro, macro) to be taken into account in cell selection for high speed UEs.

Enhancements from UE aspect
Now we investigate potential UE enhancements. One major reason supporting that a DC capable UE to stay on macro cell layer, rather than camping on small cell layer, is to avoid unnecessary mobility signalling overhead. To reduce such overhead, high mobility UE may need to skip small cell when performing cell selection. Mobility state estimation (MSE) has been introduced in current specifications, and used in both TTT scaling for handover in RRC connected mode [1] and Qhyst scaling for cell re-selection in RRC idle mode [2]. On the other hand, in current cell selection process, the UE searches for the strongest cell on all supported carrier frequencies until it finds a suitable cell (i.e., on which the S-criterion is fulfilled). To get MSE involved in cell selection, we see the following alternative:
Alt 3: 	Cell suitability criteria for each cell, or for all cells on a frequency, is modified to include MSE, e.g. that some cells could be regarded as unsuitable at high mobility state. This would involve some network signalling to indicate to the UE the relation between MSE and suitability for a cell or frequency.
From UE perspective, it is still possible to leave cell selection to UE implementation.
Alt 4: 	We leave it all to UE implementation. A UE in DC experiencing RLF may then reasonably behave in one of the following ways: a) UE would always select a SeNB cell, because it knows this is suitable, and the UE access may be fast. b) UE would select a suitable cell on the same frequency as its MeNB (MCG), based on the assumption that the network prefers to have UE primary connected on this layer (where it was primary connected). c) A UE estimates its speed and prioritizes lower frequencies at high speed. d) UE just connects to the strongest cell. 
Among the four alternatives, only Alt 1 takes into account network factors such as backhaul latency, and the indication from MeNB can also cover other factors probably unknown to UE. Moreover, while MSE can improve cell selection, we believe that it can be involved in UE implementation, instead of being specified in S-criterion. Therefore, we have the following proposals. 
Proposal 1:	Enhancements are needed for UE to perform cell selection for re-establishment on SeNB.
Proposal 2:	The network indicates to the UE which frequency is preferred for reestablishment, and this preference is used in cell selection.
Proposal 3:	The cell suitability criteria are left unchanged.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Enhancements are needed for UE to perform cell selection for re-establishment on SeNB.
Proposal 2:	The network indicates to the UE which frequency is preferred for reestablishment, and this preference is used in cell selection.
Proposal 3:	The cell suitability criteria are left unchanged.
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