3GPP TSG-RAN WG2 Meeting #82
R2-132087
Fukuoka, Japan, 20 – 24 May, 2013
Agenda item:

7.1.2
Source:
Nokia Siemens Networks, Nokia Corporation

Title:
Re-establishment Enhancements for HetNet
Document for:

Discussion and Decision

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 [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 re-establishment procedure as described in [2] – i.e. UE will perform cell selection [5] 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 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 [4].

Currently, the selection of a cell to initiate re-establishment request, is based on UE cell selection procedure [5]. 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 connection re-establishment. However, we should note that signal quality alone cannot guarantee re-establishment success since re-establishment success is also 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, there is an increased chance that the UE may select an unprepared cell and hence experience a re-establishment failure.
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 prepare a set of target cells with UE context and signal the list of prepared target cells to the UE. The prepared cells are conveyed to the UE in a dedicated RRC message. In addition it is also proposed that re-establishment is performed by the UE only if there is need for the connection.
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 during UE DRX mode 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 re-establishment candidate if the overlay macro cell has the UE context available to it.
In this solution it is beneficial to prepare the overlay macro cell as one of the target cell for reestablishment, when multiple target cells are prepared during handover preparation. The source cell that performs handover preparation should then signal the list of prepared cells to the UE. There is no impact to the current handover preparation procedure. The selection of target cells for preparation is left to eNB implementation which ofcourse the eNB may perform taking the cells reported in the most recent UE measurements.The list of prepared cells can be signalled to the UE in the RRCConnectionReconfiguration message as part of a new reestab-CellList IE. When the UE experiences RLF, it attempts to re-establish the call on a target cell indicated in the reestab-CellList IE.

If re-establishment to overlay macro cell is not possible, the UE can always fall back to the traditional re-establishment behaviour of going via RRC_IDLE and performing cell selection.
The following example illustrates the current re-establishment procedure highlighting the proposed enhancement further.

1.
A fast moving UE enters a small cell

2.
Due to high velocity and rapid movement (out of the small cell coverage) the handover procedure is triggered

3.
Handover preparation done by small eNB (eNB may prepare multiple targets eNBs including the overlay macro eNB)

4.
Due to high UE velocity the UE experiences RLF e.g. due to late Handover.
5.
If we follow the current re-establishment mechanism: UE follows the procedure in section 10.1.6 in 36.300. Assuming UE follows the behavior in row 3 of Table 10.1.6-1 in the second phase, it will do the following:

[image: image1.emf]-   The UE stays in RRC_CONNECTED;   -   The UE accesses the cell through the ra ndom access procedure;   -     The UE identifier used in the random access procedure for contention resolution (i.e. C - RNTI of the UE in the  cell where the RLF occurred + physical layer identity of that cell +  short  MAC - I   based on the keys of that cell) is  used   by the selected eNB to authenticate the UE and check whether it has a context stored for that UE:   -   If the eNB finds a context that matches the identity of the UE, it indicates to the UE that its connection can be  resumed;   -   If the context is not found, R RC connection is released and UE initiates procedure to establish new RRC  connection. In this case UE  is  required to go via RRC_IDLE.  


6.
If we follow the re-establishment enhancement suggested: UE will have an explicit list of cells signaled to it by the eNB and the UE will execute the above actions in RRC_CONNECTED mentioned in step 5, one by one on each cell indicated in the cell list signaled to it before executing the last step of going to RRC_IDLE and initiating the procedure to establish a new RRC connection.
The standards impact for this solution is minimal and requires only the addition of the prepared cell list information (a new reestab-CellList IE) in the RRCConnectionReconfiguration message. The addition of this prepared cell list information can be optional and will not impact the legacy UE behaviour.

Proposal 1: RAN2 is kindly requested to consider RRC signalling of a list of prepared cells for re-establishment to the UE.

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
Three scenarios have been considered that gives different options regarding the enhanced re-establishment.

· Scenario A: Macro and pico cells on same carrier i.e. co-channel deployment.

· Scenario B: Macro and pico cells on different carriers, i.e. dedicated carrier deployment.

· Scenario C: Macro-only layer on one carrier, macro and pico cells on another carrier.

The objective of the simulations is to assess the performance impact of solutions 1 and 2, as described in section 3.

In order to explore different options of the scenarios, in our simulation we assume that the network prepares a single cell, towards which the UE will attempt RRC connection re-establishment. The considered modes are

· (noEnh)


UE goes directly to IDLE, i.e. cell search

· (Overlay)

UE re-establish towards “overlay macro” on same carrier frequency

· (InterOverlay)
UE re-establish towards “overlay macro” on other carrier frequency
Macro on same frequency is not considered.

· (Strongest)
UE re-establish towards the best cell, i.e. the cell with strongest signal as reported in the latest measurement report. This may be a cell on another carrier frequency if inter-frequency measurement is done.

Clearly, not all options are possible in all deployments.

Four mobility performance KPIs are considered, off-loading to pico, handover, short time of stay, and failure of re-establishment. The off-loading to pico is the average percentage of the UEs that are connected to a pico cell, or equivalently the average percentage of time that a UE is connected to a pico. An unsuccessful re-establishment is declared when the re-establishment target cell does not meet the cell search criterion, S-criterion, throughout the T311 period of time. When enhanced re-establishment is not used this is declared at the time of the radio link failure.

Events, i.e. handover, short stay, and unsuccessful re-establishment, are shown as time rates (events/UE/h) to enable comparison of absolute values

We observe in appendix B that the enhanced re-establishment provides a gain in UEs re-establishing the RRC connection towards a new cell after having experienced a radio link failure (RLF) on the current cell. The impact on other mobility performance KPIs is negligible. We therefore focus on the rate of unsuccessful re-establishments, or in short the error rate, which is the time rate (events/UE/h) of UEs not succeeding in re-establishing after an RLF. When enhanced re-establishment is not applied the error rate equals the rate of RLF.
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Figure 1 Rate of success of re-establishment for all scenarios, and modes of re-establishment.


In scenario A the re-establishment towards a prepared overlay macro reduces the error rate by approx. 75%. The remaining 25% are mostly due to UE having moved out of the coverage by the overlay macro, either towards another macro cell, or towards another pico cell. In both cases the cell that the UE approaches is likely appearing as the strongest cell in latest measurement, which explains that re-establishment towards the strongest cell is almost always successful. The conclusions for scenario A also apply to scenario B and C.

In scenario B the trend of the error rate when applying re-establishment towards the macro overlay may seem strange. The reason that error rate can go down as pico density increases is likely due to better coverage on the pico layer that does not interfere the macro layer.

In scenario C we see that the error rate with re-establishment toward overlay macro on same carrier frequency (“Overlay”) is the same or even a bit lower than when re-establishment towards the macro on the other frequency (“InterOverlay”).  This is attributed to picos providing better coverage on the macro+pico frequency. This comes with higher interference as well, but most errors are countered by the re-establishment. And, on the macro-only frequency there is no enhanced re-establishment, so no errors corrected, and the interOverlay re-establishment pushes UEs to this layer, and since they have just experienced an RLF they are likely in a problematic spot, e.g. a cell border or very close to a base station, which means that they are likely to again fail on the macro-only layer. The patterns of locations where RLFs occur are consistent with such an interpretation. 

The general observations are

· The off-loading to pico, handover, and short ToS statistics are not dependent on the enhanced re-establishment.
All changes are explained by variations on UE speed and pico density.

· When applying enhanced re-establishment the rate of success is very high.

· Re-etablishment towards overlay macro succeeds in approx. 20-60% of cases.

· Re-establishing towards the strongest neighbour is successful in almost all cases.

5 Conclusion

In this paper we discussed the robustness issue of re-establishment procedure in HetNet scenarios, made some observations and proposed two possible solutions that help with both the connection re-establishment and handover mobility and signalling load. 
Proposal 1: RAN2 is kindly requested to consider RRC signalling of a list of prepared cells for re-establishment to the UE.
Proposal 2: It is proposed to consider relaxing the UE requirement of always perform call re-establishment after failures.
From simulation results, it can be seen that these solutions provides excellent results and significantly improves the successful re-establishment rate. We believe that if implemented, these techniques will minimize the overall RF loss and improve re-establishment success rate in HetNet environment and improve signalling with positive effects on UE power consumtion, without adding much signalling cost. 
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Appendix A, Simulation setup

The simulation setup is in accordance with [4] for heterogeneous network without hotspots. We are concerned with the increased rate of radio link failures in a heterogeneous network caused by the UE movement, so the simulated scenarios do not include UEs moving at low speed while confined to a hotspot. This means that the off-loading to the small cells is relatively low, while results are easier to analyze since all UEs are moving at same speed in each simulation. 

Three scenarios have been considered that gives different options regarding the enhanced re-establishment. The differences in performance are of interest. The scenarios are

· Scenario A: Macro and pico cells on same carrier, i.e. co-channel deployment.

· Scenario B: Macro and pico cells on different carriers, i.e. dedicated carrier deployment.

· Scenario C: Macro-only layer on one carrier, macro and pico cells on another carrier.

The term “macro area” is used below referring to the (ideal) macro coverage area. The density of pico cells is specified as a number of picos per macro area, which specify same density in all scenarios, and there are two macro cells per macro area in Scenario C.

Table 1 Main simulation parameters
[image: image5.emf]Parameter Value

Carrierbandwidth 10 MHz

Carrier frequency ScenA: Macro: 1.8 GHz,Pico: 1.8 GHz

ScenB: Macro: 1.8 GHz, Pico: 2.6 GHz

ScenC: Macro: 1.8 GHz, Macro: 2.6 GHz, Pico: 2.6 GHz

Shadowfading

Standarddeviation

Correlation distance

Stochastic

Macro: 8 dB, Pico: 10 dB

Macro: 50 m, Pico: 13 m

Pathloss Macro: 128.1 + 37.6 log( dist[km] )

Pico:    140.7 + 36.7 log( dist[km] )

Network Sites:   7  *)

Macro: 21  (42 in ScenC)

Pico:    2, 4, or 10 per macro area 

Located randomly in macro cell.

Number of UEs 30UE per macro area.    (No hotspots at picos)

UE speed 10, 30, 60and 120 kmph (all same speed in each sim.)

Measurements

RSRP error

L3 filtering factor (K)

1.2 dB

4

Handover Triggered byA3 event. Offset: 3 dB. TTT: 256 ms

Intra-freq: RSRP.  Inter-freq: RSRQ.  

Prep. and exec. delay: 100 ms

Simulated time 200 s


 [image: image6.emf]*)   Tests have shown little difference from simulations with 19 sites. 


Appendix B, Performance results details

Section 4 gives a general description of the modes of re-establishment, and appendix A lists the main simulation parameters. This section presents results for the full set of mobility performance KPIs, off-loading, rate of handover, rate of short time of stay, and rate of unsuccessful re-establishment. 

The following plots present the details on all of the KPIs, off-loading to pico
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Figure 2 Mobility performance KPIs for Scenario A
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Figure 3 Mobility performance KPIs for Scenario B
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Figure 4 Mobility performance KPIs for Scenario C

