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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.  

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 (RLF) and transition to idle mode.

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 re-establishment success 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 conveyed 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 ofcourse the eNB may choose taking the cells 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)
Alternatively, the UE first performs the usual cell selection done for re-establishment and uses the signalled cell list (from step 4) to check if the selected cell is included in the cell list or not. If the selected cell (using the existing cell selection procedure) is included in the cell list the UE sends the call re-establishment request to the cell from the cell list – otherwise the UE sends the call re-establishment request to the selected cell.

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 perform call re-establishment after the above listed failures (e.g. RLF) i.e. re-establishment would be triggered if there is a need for the connection.

Proposal 2: It is proposed to consider relaxing the UE requirement of always perform call re-establishment after failures.
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 cases where the network prepares one candidate cell for each UE but the UE has no explicit knowledge of which cell has been prepared for it for the baseline cases. In the event that the UE experiences RLF and performs re-establishment according to currently standardized behavior, the re-establishment will only be successful if it happens to be made towards the cell which is prepared for the UE. For the baseline, we have evaluated the following two baseline cases: 

•
Case (1) – Last visited macro cell as prepared cell (Event Triggered Reporting with No Enh): For this case the network prepares one macro cell for each UE. It is assumed that the UE is just configured with event based RRM measurement reporting A3 for this case. It is therefore assumed for this case that the network prepares the previously visited macro-cell for the UE. So if the UE e.g. performs handover from macro-cell A to pico cell B, then macro-cell A is maintained as prepared for the UE.

•
Case (2) – Strongest reported neighbor cell as prepared cell (Periodic Reporting with No Enh): For this case we assume that the UE is also configured to periodically report RRM measurements every 200 ms or 500 ms. The periodically reported RRM measurements are used by the network to identify which neighbor cell is the most likely candidate for the UE to be chosen for re-establishment attempt in case of RLF, i.e. corresponding to strongest reported neighbor cell. For this case, the network therefore prepares the strongest reported neighbor cell for the UE.

It is expected that Cases (1) and (2) cover the best possible re-establishment performance for the currently specified behavior, assuming that the network prepares only one cell per UE. Case (2) naturally has the benefit that network have more up-to-date knowledge from the the UE to prepare the most relevant cell for the UE. But, Case (2) also have the cost of higher signaling overhead as periodic RRC signaling is enabled in addition to only having event triggered RRM measurement reporting.

For the proposed re-establishment enhancement, we assume that the network informs the UE on which cell to use for re-establishment attempt in case of RLF. For the proposed enhancement, we consider the following two cases:

•
Case (3) – Prepared last visited macro cell signaled to UE (Even Triggered Reporting with Enh): The network prepares the previously visited macro cell for the UE, so essentially similar to case (1). Additionally, the network informs the UE about which macro cell is prepared, and the UE performs re-establishment attempt towards that cell in case of RLF. In our simulation, the re-establishment is considered successful if the cell is suitable and the S-criterion for that cell is fulfilled.

•
Case (4) – Prepared strongest reported neighbor cell signaled to UE (Periodic Reporting with Enh): The UE is configured to periodically report RRM measurements every 200 ms or 500 ms. The periodically reported RRM measurements are used by the network to identify which neighbor cell is the strongest cell. Based on the periodic RRM measurements, the network therefore prepares the strongest reported neighbor cell for the UE, as well as informs the UE that it shall perform re-establishment towards that cell in case of RLF. In our simulation the re-establishment is considered successful only if the S-criterion for that cell is fulfilled.

The re-establishment performance is evaluated for the following two HetNet scenarios:

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

•
Scenario (B): 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 successful re-establishment, and this is measured as the ratio of the number of successful re-establishment as compared to the total number of re-establishment attempts.

Figures 1 and 2 summarize the rate of successful re-establishments (expressed in percentage) for the co-channel scenario (denoted Scenario A) both for the baseline case of no enhancements (No Enh), as well as for the case with the proposed enhancement (Enh). The results labelled “Event Triggered Reporting” in these figures correspond to the cases where the last visited macro cell is prepared, i.e. corresponding to Case (1) and Case (3). For these cases it is basically observed that the re-establishment success rate is fairly low. This is due to the fact that UEs primarily experience RLF for small cell outbound handovers at borders between macro cells. Nevertheless, even for these “Event Triggered Reporting” cases the proposed enhancement shows improvement than without the enhancement.

For the cases where UEs are configured with periodic RRM measurement reporting according to Cases (2) and (4), it is observed that the re-establishment success rate is improved significantly. Here the re-establishment success rate is on the order of ~80% for Case (2) without any standardized enhancements, while it increases to nearly 100% if applying the proposed re-establishment enhancement according to Case (4).
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Figure 1: Rate of successful re-establishment for Scenario (A) at 60 kmph.
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Figure 2: Rate of successful re-establishment for Scenario (A) at 120 kmph.
The Figures 3 and 4 show similar performance results for the dedicated carrier cases (denoted Scenario B), where macros and picos are deployed at two different carrier frequencies. The results in Figures 3 and 4 show similar trends as those in Figures 1 and 2 for the co-channel cases. Thus, also for the dedicated carrier deployment, the proposed re-establishment enhancement offers promising benefits by increasing the re-establishment success rate to ~100%. Notice that the 100% re-establishment success rate is achieved for both cases with 200 ms and 500 ms periodic reporting (assuming enhanced solution), while the performance for the baseline Case (2) without enhancement clearly suffers an additional performance loss when the periodic RRM reporting rate is decreased i.e. reporting interval increased from 200 ms to 500 ms.
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Figure 3: Rate of successful re-establishment for Scenario (B) at 60 kmph.
[image: image4.emf]0

20

40

60

80

100

4 Picos -Event 

Triggered Reporting

4 Picos -Reporting 

every 200 ms

4 Picos -Reporting 

every 500 ms

10 Picos -Event 

Triggered Reporting

10 Picos -Reporting 

every 200 ms

10 Picos -Reporting 

every 500 ms

Dedicated Carrier, 120 kmph

No Enh

Enh


Figure 4: Rate of successful re-establishment for Scenario (B) at 120 kmph.
The reported performance results in Figures 1-4 show promising outcomes in terms of re-establishment success rate for the proposed enhancement, reaching ~100% re-establishment success rate. This is achieved by having the UE periodically report RRM measurements every 500 ms. As discussed earlier, the assumed periodic RRM measurements to have high re-establishment success rates naturally represent an uplink RRC signalling overhead, so this is basically the cost of achieving the presented benefit. However, as slow periodic reporting of RRM measurements is also considered for other network optimization purposes (SON), this is considered reasonable.
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 perform call re-establishment after failures.

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 Macro, 10 dBPico

Shadowing Standard Deviation 50 m Macro, 13 m Pico

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

Measurements Reporting Interval Event Triggered 200 ms 500 ms

Inter-Frequency Measurements Rate 40 ms


