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1 Introduction
The study item Mobility enhancements in heterogeneous networks (3GPP TR 36.839 [1]) has been finalized with the overall conclusion that handover performance in heterogeneous network deployments is not as good as in pure macro network deployments. As a result, the work item, Heterogeneous networks mobility enhancements for LTE [7] has been approved with the objective to improve the handover performance in heterogeneous network deployments. This work is expected to be closely related to the work described in Rel-12 SI Small cell Enhancements for E-UTRA and E-UTRAN - Higher layer aspects, [4], which will study the features to improve the mobility performance, since heterogeneous networks mobility enhancements have become a major driver in the small cell enhancements discussion.

In this contribution we would like to reflect upon the major findings of [1], discuss scenarios, where problems have been identified, and the corresponding potential solutions. Among these solutions, we discuss handover signalling diversity, i.e. transmission of handover related RRC messages from a second transmission point, e.g. the target cell. Such a solution would require large architectural changes however it can provide large potential benefits to improve not only the mobility robustness in heterogeneous network deployments, but also the ability to achieve load balancing in small cell deployments. Since handover signalling diversity was not investigated in the SI, we would like to emphasize that such a feature should be identified and acknowledged as a mobility robustness enhancement within this work item, but should then rather be worked upon in the Small cell Enhancements for E-UTRA and E-UTRAN – Higher layer aspects study item.
2 Observations from the Study Item
In the study item phase it has been concluded that mobility performance in heterogeneous network deployments is not as good as in pure macro network deployments. This applies especially to pico to macro handovers, where a late handover command from the low power pico may become error prone, due to interference from the high power macro. Although the study item focused on only a few selected scenarios, the results indicate that in some cases handover failure rates may increase.
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Figure 1: Handover failure rate (cf. [2]).
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Figure 2: Handover failure reason (cf. [2]).
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Figure 3: Handovers and failure types (cf. [2]).

We would like to highlight the three trends that we observed regarding the handover performance during the study item: 
1.
The majority of handover failures occur during the handover preparation phase, i.e. after the measurement report is triggered and when the UE is still connected to the source cell (cf. [1]). As shown in Figures 2 and 3, the reason for such failures experienced during the handover preparation phase is the unsuccessful transmission of the handover command, which fails due to UE being out-of-sync with the source cell.

2.
Looking at handover direction, handovers from pico to macro cell can be regarded as being the most error prone (cf. [1]). Failure of the handover commands in this direction dominates the overall failure reasons. 
3.
Increasing the handover threshold or expanding the cell area by means of higher cell-individual offset will lead to even higher failure rates (cf. [1]), since the handover command from the source cell is transmitted late when the UE link quality towards the source cell degrades even further. 
Observation 1: 
The main reason for handover failures can be seen as the failure of handover command transmission for UEs that are out-of-sync. This can be considered as late handover and it mainly occurs for handovers from pico to macro cell. Higher handover thresholds will further increase these failures. 
3 Handover signaling diversity
One way to mitigate the above-mentioned handover failures (as per Observation 1) is to enable the UE to receive the handover command also from the target cell, so that a higher SINR can be achieved when compared to a late handover command transmission from the source cell. This behaviour is shown in Figure 4. Moreover, going out-of-sync in the source cell can be prevented as long as the UE is able to receive the handover signalling also from the target cell. Receiving handover command from target cell was introduced also for HSPA in Rel-8 to improve handover robustness (cf. [6]).
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Figure 4: Handover command transmission diversity
With respect to Figures 1-3, the potential gains for handover signalling diversity become obvious. We see that the increased handover failure rate for 30km/h UEs from approx. 0.35% for the macro only case to 0.45% in the heterogeneous network is almost entirely related to the pico-to-macro failures where unsuccessful handover command transmission from the source cell and UEs that are out-of-sync with the source cell are the dominant failure reasons. The potential in handover signalling diversity lies in the removal of these additional failures, which may bring handover performance in heterogeneous networks on par with the performance in homogeneous networks. 
Usually handover parameters are chosen to keep the handover failure rates below a certain threshold and to have a certain level of robustness in the system. To achieve offloading to small cells, a UE may be configured with cell-individual offset (CIO). Configuring a UE with CIO, particularly high values of CIO, reduces the margins and robustness in the system. We believe that handover command transmission diversity can especially help to reduce the amount of handover failures while increasing the possibility for load balancing and thus the system capacity.
Observation 2: 
Handover signaling diversity has the potential to reduce the handover failures in heterogeneous network deployments by addressing the failure-prone pico-to-macro handovers, especially when a cell-individual offset is applied.
Specifying handover signalling diversity would require large architectural changes as mentioned above. Nevertheless, although we would like to emphasize that such a feature should be considered and acknowledged as a mobility robustness enhancement within this work item, it should rather be studied in the Small cell Enhancements for E-UTRA and E-UTRAN - Higher layer aspects study item. Within the scope of that SI, different options to realize handover signalling diversity within the dual connectivity framework (as discussed in [5]) can be considered and their benefits should be solely evaluated there instead of this WI [3] to avoid overlapping work.
Proposal 1 Handover signalling diversity shall be considered as a solution in this WI, but further evaluated in the Small cell Enhancements for E-UTRA and E-UTRAN - Higher layer aspects SI, since it is related to dual connectivity and requires architectural changes, both of which are investigated and evaluated in such separate SI.
4 Conclusion
In this contribution, we revisited [1] and discussed scenarios, where problems have been identified, and the corresponding potential solutions. Based on the observations and the discussion above we have proposed the following:

Proposal 1
Handover signalling diversity shall be considered as a solution in this WI, but further evaluated in the Small cell Enhancements for E-UTRA and E-UTRAN - Higher layer aspects SI, since it is related to dual connectivity and requires architectural changes, both of which are investigated and evaluated in such separate SI.
5 
References

[1] TR 36.839, “Mobility Enhancements in Heterogeneous Networks”, 3GPP, v11.1.0, December 2012
[2] R2-120464, “Discussion on Large-area HetNet Simulations”, Ericsson, ST-Ericsson, RAN2#77, Dresden, Germany, 6th – 10th February 2012

[3] RP-122007, “HetNet Mobility Enhancements for LTE”, Alcatel-Lucent, RAN#58, Barcelona, Spain, 4 – 7th December 2012

[4] RP-122033, “Study on Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects”, NTT DOCOMO, RAN#58, Barcelona, Spain, 4 – 7th December 2012 
[5] R2-130420, “Protocol architecture alternatives for dual connectivity”, Ericsson, ST-Ericsson, RAN2#81, St Julian’s, Malta, 28th January – 1st February 2013
[6] TS 25.308, “High Speed Downlink Packet Access (HSDPA); Overall description; Stage 2”, 3GPP, v11.3.0, December 2012
[7] RP-122007, “HetNet Mobility Enhancements for LTE”, Alcatel-Lucent, RAN#58, Barcelona, Spain, 4 – 7th December 2012
� Note that in Figure 2 handover command transmission failure is logged either by E-UTRA (maximum number of RLC retransmissions is reached), or by the UE triggering RLF. So, both reasons, “handover command failure” and “out-of-sync”, given in Figure 2 can refer to handover failure due to unsuccessful transmission of the handover command. In further internal analysis we found out that most of the UE triggered “out-of-sync errors” happen during the transmission attempts for the handover command.
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