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1
Introduction
One of the main objectives of the Rel-11 study Item titled “HetNet mobility improvements for LTE” [1] is:

· Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks. Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account. (RAN2, RAN3)

In this contribution we will provide our analysis on re-establishment problem along with a proposal for HetNet scenarios.  

2
Discussion
Current specifications define the RRC connection re-establishment procedure to recover UE’s connection when one of the following events happens [1]:

1) 
PCell radio link failure;

2) 
handover failure;

3) 
integrity check failure indication from lower layers;

4) 
RRC connection reconfiguration failure;

Upon triggering re-establishment, UE will perform cell selection and send re-establishment request message to the selected cell. UE’s connection can only be recovered when this target cell has the UE context; otherwise UE will lose the connection and return back to the idle mode.

Compared with homogeneous networks, a poorly deployed/managed heterogeneous network poses greater challenges to the connection control of UE. Let’s take the above first two triggers as examples. When a UE served by a macro cell is moving towards a non-allowed CSG cell, radio link failure is more likely to happen either due to the fact that this CSG cell is not applying any ICIC technique with the macro cell, or because the macro cell does not provide timely configuration of the RRM measurement restriction option to the UE even if the time-domain eICIC (e.g. ABS) feature has been implemented. When these CSG cells are widely deployed, it is possible that the probability the UE will experience more frequent radio link failures will increase and all these connection failures will finally lead the UE to the connection re-establishment procedure. Besides this RLF issue, handover failure is another factor which could make the connection re-establishment procedure triggered more frequently in HetNet scenarios. For example, in the case of inbound handover from a macro cell to a CSG cell, due to the large cell size difference, the actual handover region would be much smaller compared to the case of macro-to-macro handover, which has been mentioned by [3]. This smaller handover region would imply that a moving UE has a narrower time window to complete the handover procedure, which can be interpreted as a higher probability of suffering handover failure. 

Observation 1: connection re-establishment procedure is likely to be triggered more frequently in heterogeneous network scenarios than in homogeneous network scenarios.

In selecting which cell to initiate re-establishment request, current specifications describe a rather simple UE behaviour, i.e. performing cell selection procedure. That is, as long as a certain cell meets the cell selection criteria (i.e. S-criteria), it can be selected by the UE to attempt re-connection. However, we should note that signal quality alone cannot guarantee re-establishment success which should also be dependent on whether UE context is available in this selected cell. In HetNet scenarios, a moving UE may encounter more cells of various types and most of these cells might not have the UE context. Therefore, the UE will run a higher risk of selecting a non-prepared cell to attempt re-connection and being rejected eventually. 

Observation 2: in HetNet scenarios, UE are having more chances to select a non-prepared cell and then experience re-establishment failure.

3
Overlay Macro Cell as Re-establishment Candidate
While many solutions are possible one possible solution to recover from RLF failure on the small cell is to prepare the overlay macro cell for connection reestablishment. Simulations for HetNet had shown that the most problematic scenario is the outbound mobility from a small cell to a macro cell. Also most RLF failures occur on small cells if the DRX and HO parameters are not configured properly and when the UE is in high mobility state. In a HetNet environment in majority of the cases the overlay macro cell can be used as a reestablishment candidate if we can ensure that the overlay macro cell has the UE context available to it. This can be achived by using X2 signalling to provide the macro eNB with the UE context to prepare it as a reestablishment candidate cell. OAM configuration may be used to determine a target macro cell that needs to be prepared for RRC Connection Reestablishment. There could also be several triggers to prepare the target for reestablishment by providing UE context from the source small to target Macro eNB through X2 interface. For example, the triggers could be at the time of RRC Connection Setup or RRC Connection Re-establishment; received signal strength falling below some threshold; or UE entering DRX mode while on small cell. The reestablishment target cells are conveyed to the UE using RRC signalling. When the UE receives the prepared target reestablishment cells the UE shall select the prepared target cell for re-establishment if it experiences RLF. Where this new method of reestablishment is not possible the UE can fall back to the traditional re-establishment behaviour.  This makes the UE rules for reestablishment simpler and deterministic, than having to rely on the UE cell selection process that may position the UE on a cell which may be either macro or other small cells.  If the UE were to camp on a small cell it may result in further probability of RLF since the chances of failure on outbound mobility from a small cell is higher. Once the UE re-establishes on the macro cell it can handoff the UE to the best available cell.
Proposal:  We request RAN2 to discuss the solution of using the overlay macro cell as a reestablishment candidate to assure UE can re-establish with certainity upon RLF in HetNet environment. If the proposal is agreed, NSN is happy to provide more detailed contribution on the messaging changes.
4
Simulation Results

The simulation configuration parameters are outlined in appendix A.  Beside the detailed parameters, it must be noted in the example below, that the source is a pico cell where as the target is either another pico or the overlay macro cell.  The blue bar in the chart below shows total number of successful intra-frequency handover, the red bar indicates the total number of successful reestablishment to the overlay macro cell after encountering a radio link failure, and the black bar indicates the UE was unable to perform handover or reestablishment to a suitable cell and went back to idle.
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From the simulation results above it can be seen that at low to mid speeds, restablishement to macro cell is successful almost 50% of the time. At high speed, although there is a significant improvement in successful reestablishments, however the overall success rate to Macro suffers for high speed UEs. Since there are efforts in place to avoid fast UE’s camping on small cells, preparing the overlay macro for slow and mid speed UE reveals excellent results.
5
Conclusion


In this paper we discussed the robustness issue of re-establishment procedure in HetNet scenarios and made following observations and also proposed a solution. .

Observation 1: connection re-establishment procedure is likely to be triggered more frequently in heterogeneous network scenarios than in homogeneous network scenarios.

Observation 2: in HetNet scenarios, UE are having more chances to select a non-prepared cell and then experience re-establishment failure.

Proposal:  We request RAN2 to discuss the solution of using the overlay macro cell as a reestablishment candidate to assure UE can re-establish with certainity upon RLF in HetNet environment. If the proposal is agreed, NSN is happy to provide more detailed contribution on the messaging changes.
References

[1] RP-110709, “HetNet mobility improvements for LTE”

[2] 3GPP TS 36.331, Radio Resource Control (RRC); Protocol specification 
[3] R2-113794,
Discussion on the mobility performance enhancement for co-channel HetN
Appendex A – Simulation Assumptions

	Parameter 
	Value 

	Bandwidth 
	10 MHz 

	Sub-Carrier Spacing 
	15 kHz 

	Macro and Pico Frequency 
	2 GHz 

	Simulation Time 
	200 s 

	Shadowing Standard Deviation Macro 
	8 dB 

	Shadowing Standard Deviation Pico 
	10 dB 

	Shadowing Correlation Distance Macro 
	50 m 

	Shadowing Correlation Distance Pico 
	13 m 

	BS Tx Power Macro 
	29+10log10(nPRB) = 29+10log10(50) = 46 dBm 

	BS Tx Power Pico 
	13+10log10(nPRB) = 13+10log10(50) = 30 dBm 

	Distance Dependent Path-Loss Macro 
	128.1 + 37.6 log10 (R) 

	Distance Dependent Path-Loss Pico 
	140.7 + 36.7 log10 (R) 

	Initial UEs Location and UEs Dynamics 
	Random, with movements along straight lines 

	RSRP error – zero mean Gaussian
	1 dB std

	Filtering Factor K
	4

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB









