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1
Introduction
In this paper we focus on the following objective of the Rel-12 “HetNet Mobility Enhancements for LTE” work item [1]:

•
Improvements to help with recovery from RLF to help improve the overall mobility robustness of HetNet LTE networks. 
A previous paper [5] proposes enhancements to RRC Connection Re-establishment and concludes that the success rate can be improved by the network preparing the strongest cell for re-establishment but only that it requires more frequent measurement reports than once per handover. The previous paper shows that by applying periodic reporting at 500ms interval the rate of re-establishment errors can be brought down to 10% from the 20% that which is achieved when preparing the last visited macro cell.

This paper considers the gains that can be achieved when network prepares multiple cells based on a measurement report at the time of handover, i.e. without enhancements to the re-establishment procedure. It also considers the enhanced re-establishment procedure [5] in relation to further reducing the error rate by applying an event based reporting of changes in the strongestcells, such that the network is better informed when deciding what cell(s) to prepare for re-establishment.
2
Discussion
Current specifications define a RRC connection re-establishment procedure to recover UE’s connection when one of the following events happens [2]:

1)

PCell radio link failure;

2)

Handover failure;

3)

Integrity check failure indication from lower layers;

4)

RRC connection reconfiguration failure;

Upon the condition that triggers re-establishment, the UE will perform re-establishment procedure as described in [2] – i.e. UE will perform cell selection [4] and send re-establishment request message to the selected cell. UE’s connection can only be recovered when the target cell has the UE context i.e. the target cell is a prepared cell; otherwise UE will lose the connection and transition to idle mode.
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Figure 1 Illustration of the RRC Connection Re-establishment procedure following the detection of radio rink failure. The procedure may also be initiated by other causes, as indicated in text above.
Compared with macro-only networks, a co-channel deployed heterogeneous network poses greater challenges to the connection control of UE. Besides the RLF issue, handover failure is another factor which increases the probability of performing re-establishment procedure in heterogeneous networks. For example, in case of inbound handover from a macro cell to a small 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. This smaller handover region would imply that a fast moving UE has a narrower time window to complete the handover procedure, which has a higher probability of suffering handover failure. 

Observation 1: Results indicate that handover performance in HetNet deployments is not as good as in pure macro only deployments [3].

Currently, the selection of a cell to initiate re-establishment request, is based on UE cell selection procedure [4]. However, we should note that re-establishment success is dependent on whether UE context is available in the selected cell. In heterogeneous networks, a fast moving UE may encounter several cells of various types and not all of these cells are guaranteed to have the UE context. Therefore, the UE will run a higher risk of selecting an unprepared cell to attempt connection re-establishment and fail eventually. For such situations where the chances of RLF are higher, it is desirable to increase the probability that the UE selects a cell that is prepared with UE context for a successful outcome. 

Observation 2: In heterogeneous networks, even with multiple target cells being prepared, there is still a chance that the UE may select an unprepared cell.

In this paper we present a solution that increases the probability of successful re-establishment in heterogeneous networks and provide supporting simulation results.
3
Solution
The main idea of the proposed solution is to signal to the UE a set of cells that are prepared with UE context by the network. The prepared cells are signalled to the UE in a dedicated RRC message, and the UE shall use those cells in the list (if signalled to the UE) to help recover from the RLF.There is no impact to the current handover preparation procedure. The choice of target cells for preparation is left to eNB implementation which of course allows the eNB to choose the strongest cells as reported in the most recent UE measurements.

The following example illustrates the current re-establishment procedure highlighting the proposed enhancements further.

1.
A UE is served by a small cell and the UE is in RRC_CONNECTED state.

2.
Due to UE mobility the handover procedure is triggered.

3.
Handover preparation done by source eNB (eNB may prepare multiple target cells). The source eNB prepares the last visited macro cell and the strongest cell from the most recent measurement report message.

4.
Source eNB (small cell) signals the list of prepared cells in a dedicated RRC message to UE e.g. RRCConnectionReconfiguration message. Detail of dedicated RRC message is FFS.

5.
The UE detects RLF in the small cell e.g. due to late Handover.

6.
Following are possible RLF recovery actions by UE:

i)
The UE considers a cell in the signalled cell list (from step 4) as a suitable cell and sends the RRC connection re-establishment request to that cell. If this re-establishment in signalled cell is not successful (timer expiry or reject received from NW) UE performs the usual cell selection to find a suitable cell for re-establishment.

ii)
The UE first performs cell selection according to [4] as defined for re-establishment procedure. After camping on a suitable cell the UE uses the signalled list of prepared cells (from step 4) to check if the selected (currently camped on) cell is included in the list of prepared cells or not. If the selected and currently camped on cell is included in the list of prepared cells the UE initiates call re-establishment procedure – otherwise the UE initiates call establishment procedure.

Further studies are needed in order to quantify how the proposed solution will impact the UE complexity and related requirements. 

Proposal 1: RAN2 is kindly requested to consider signalling of a list of prepared cells for re-establishment to the UE and discuss the preferred UE behaviour for handling the prepared cell list.

According to the current specifications the UE shall initiate a re-establishment procedure after radio link failure or handover failures although there may not be need to always do so. For example if running applications/services are not requiring the connection at the current time or anymore at all there would not be a need to re-establish the connection. This non-conditional re-establishment of the connection is causing unnecessary signaling load to the network, can waste network resources and potentially keeping the UE in the connected state which may increase the UE battery consumption. Therefore it is proposed to consider relaxing the UE requirement of always performing call re-establishment after the above listed failures (e.g. RLF) i.e. re-establishment would be triggered only if there is a need for the connection.

Proposal 2: It is proposed to consider relaxing the UE requirement of always performing call re-establishment after failures.
In order to enable the network to configure the UE a list of prepared cells the network would likely need to have some measurements from the UE. The specification has a set event based reporting that might be feasible to use for indicating a change in the strongest neighbour cells as this is considered as a way of providing gains in terms of successful re-establishment. i.e. enabling better informed network decision on preparing cells compared to the gains achieved when applying periodic reporting, while minimizing the amount of RRC signalling required.

Proposal 3: RAN2 is kindly requested to consider a way to provide event based signalling indicating a change in the strongest neighbour cells.
4
Performance results
System level simulations were conducted in order to assess the performance of re-establishment attempts.

As baseline, we have evaluated the performance by considering a case where the network prepares a number of cells based on a measurement report available at the time of handover initiation. 
For the proposed re-establishment enhancement we assume that the network is signalling the list of prepared cells to the UE, such that this can be used to improve the likelihood of success of a potential re-establishment. The previous paper [5] considered this enhancement and observed the need for frequent measurement reports to update the network, to enable a more informed selection of the cells to prepare. As a way of reducing the signalling required for such a solution we consider the potential gain of having an event based measurement report that is sent when the strongest cell has changed. The simulations have implemented a minimum time between reports of 2 seconds, in order to limit the signalling. 
When the UE experiences link failure and performs re-establishment, the re-establishment will succeed if it is made towards a cell that is prepared and if this cell is still a suitable cell, i.e. it fulfils the Cell Selection Criterion (S-Criterion) and is suitable according to [4]. 
The re-establishment performance is evaluated for the following two HetNet scenarios:

•
Scenario (CoCh): macro and pico cells on the same carrier i.e. co-channel deployment.

•
Scenario (DeCh): macro and pico cells on different carriers i.e. dedicated carrier deployment.

Cases with 4 and 10 picos per macro-cell area are simulated, following the general simulation guidelines in 3GPP TR 36.839. Further details on assumed parameter settings are available in Appendix A. The objective of the simulations is to determine the rate of failed re-establishment attempts that is the ratio between the number of failed re-establishment attempts and the number of re-establishment attempts.

Figure 2 shows the rate of failed re-establishments for all simulated cases, at 60 kmph and 120 kmph. In the “No Enh n Prep Cells” cases the network prepares the n strongest cells based on available measurement report at the time of initiating handover. In the “Enh 1 Prep Cell” case the UE is reporting changes in the strongest cell which is then prepared by the network, and the network signals the prepared cell to the UE that performs re-establishment towards this cell.
Scenario (A) is identified with the label ‘CoCh’, while Scenario (B) is identified with the label ‘DeCh’.
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Figure 2 Rate of RRC Connection Re-establishment failure
Figure 2 shows the re-establishment failure rates for each case. The gain of preparing multiple cells is expected to increase the likelihood of having the prepared cell that the UE will eventually select by the cell selection prior to initiating connection re-establishment. The gain from preparing a second cell is high, whereas the gain of preparing more cells declines with the number of prepared cells. If the cell that is eventually selected for re-establishment was always in the set of prepared cells, the error rate should vanish; instead there seems to be an error floor that varies with UE speed and pico density.

The cell that is eventually selected for re-establishment will not be prepared if it has not yet been detected, i.e. it does not fulfil the cell search criterion at the time of the measurement report on which handover preparation is based. Sometimes, the cell that is eventually selected for re-establishment may have been detected but it did not meet the S-criterion to be among the set of strongest cells that were prepared.
In the “Enh 1 Prep Cell” the measurement reports are generally more recent due to the use of a new event that results in a measurement report whenever strongest cell changes, and also the UE is informed about the cell that is prepared, which means that it can perform re-establishment towards this cell for which re-establishment is guaranteed to succeed. In the case of co-channel deployment of picos this achieves a re-establiehment error rate of 2-3% in all cases, which is 4-5 times lower than what can be achived by preparing 5 cells without the enhancement (i.e. No Enh 5 Prep Cells case). In the case of dedicated deployment the error rate is virtually zero in all cases, which is considerably less than what can be achieved without the enhancement.
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Figure 3 The amount of RRC signaling for reporting of changes in the strongest neighbor relative to the amount of signaling for periodic reporting at 500 ms interval.
Figure 3 shows the RRC signalling required with the new event based reporting of change in strongest cell as opposed to when applying periodic reporting at 500 ms intervals. The amount of signalling is measured by counting the number of measurement reports. The figure shows values relative to the amount of signalling with periodic reporting, so 100% equals this amount. This figure 3 illustrates the adaptation of the signalling to the required updating of the network with measurement reports, such that at low speed the changes in the strongest cell happens less often, and less signalling is spent on updating the network with measurement reports. In the simulated case the signalling at 120 kmph equals the signalling with periodic reporting, which is an example case. 
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Figure 4 Percentage of time that data transfer in interrupted.
Figure 4 shows the percentage of time that data transfer is interrupted during handover or RRC connection re-establishment. During handover an interruption time of 90ms is assumed. For re-establishment the re-establishment delay as in TS36.133 is applied.

TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH  
Nfreq = 1, Tsearch = 100 ms, TSI = 200 ms, TPRACH = 10 ms  
TUE-re-establish_delay = 360 ms
For an unsuccessful re-establishment an additional 200ms for NAS recovery is added.
The interruption time at handover is 90 ms,
The time that a UE is in Qout is not included.

The main observation is that the interruption time is close to independent of the re-establishment success rate. The reason is that the rate of link failures, hence re-establishments, is low as compared to the rate of handover, so even though the procedure takes more time, the total is still dominated by the handover.
5
Conclusion
In this paper we discussed the robustness issue of re-establishment procedure in HetNet scenarios, made some observations and proposed a possible solution justified with simulation results that improves the connection re-establishment success rate. Our performance results show that we are able to improve the re-establishment success rate from ~80% (best baseline case) to ~100% with the proposed re-establishment enhancements. This performance benefit is observed for both co-channel and dedicated carrier deployment scenarios by only signalling one cell per UE for re-establishment.
Proposal 1: RAN2 is kindly requested to consider signalling of a list of prepared cells for re-establishment to the UE and discuss the preferred UE behaviour for handling the prepared cell list.

Proposal 2: It is proposed to consider relaxing the UE requirement of always performing call re-establishment after failures.
Proposal 3: RAN2 is kindly requested to consider a way to provide event based signalling indicating a change in the strongest neighbour cells. 
Further studies of Proposals 1 and 2 should naturally include more detailed evaluations of how the proposed enhancement impact on UE complexity and requirements, etc.
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Appendix A
Simulation Setup
The simulation setup is in accordance with [3] for heterogeneous network without hotspots. Two scenarios have been considered that gives different options regarding the enhanced re-establishment. The main simulation parameters are summarized in Table 1.
Table 1: Main Simulation Parameters
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Bandwidth 10 MHz

Macro and Pico Frequency Co-Channel (R11 HetNet): 1.8 GHz

Dedicated Carrier (R11 HetNet): 1.8 GHz and 2.6 GHz

Shadowing Standard Deviation 8 dB/50 m Macro, 10 dB/13 mPico

BS TxPower Macro 29+10log

10

(nPRB) = 29+10log

10

(50) = 46 dBm

BS Tx Power Pico 13+10log

10

(nPRB) = 13+10log

10

(50) = 30 dBm

Number of Users per Macro Area 30

Initial UEs Location and UEsDynamics Random initiallocation into the Macro Area, with movements along straight lines

Number of Picos perMacro Area 4 10

Speed 60 kmph 120 kmph

Inter-Frequency Measurements Rate 40 ms


