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1 Introduction

At the RAN3#75bis meeting, RAN3 has accepted the principles in terms of HetNet MRO solutions as follows [1]:
· The decision on the eNB responsible for the failure is to be based on Tstore_ue_cntxt, as in Rel.9 and Rel.10.

· The RLF Report, provided from the UE needs to be updated with additional information.

· The HO REPORT message needs to be updated with additional information that is not available at the eNB responsible for the failure

· The context information about failure context, available at the eNB responsible for the failure, is to be retrievable.
In this contribution, based on considerations on benefits of retrieving failure context information, we enumerate the possible options of granularity for failure context storage and retrieval, and evaluate their effectiveness and requirements, for the sake of identifying appropriate solution to ensure the availability of failure context information at the eNB responsible for the failure.
2 Discussion
2.1 Benefits of retrieving mobility configuration
MRO, in a coordinated way, gathers connection failure information and performs Root Cause Analysis (RCA) in order to remedy the incorrect mobility configurations. Although adaptive correction algorithms would be implementation dependent, standardized signaling flows are needed for collecting failure context information. Therefore, the method of including the UE RLF Report in the HANDOVER REPORT was proposed for Rel-11 MRO in [2]
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[3].
If the eNB receiving the piggybacked UE RLF Report in the HANDOVER REPORT can also internally retrieve the context information which is, in this case, the mobility configurations related to the failure, it would be able to acquire the misalignment between predefined configurations and nearly-real-time radio environment and thus may adjust its mobility settings accordingly for future mobility performance improvement.
For example, in a typical “Too Early Handover” scenario as shown in Fig. 1, MRO would usually defer the HO decision and therefore the mobility performance will even be degraded, as analyzed in [2]. However, if the source eNB (Cell A in this case) somehow is capable of, for instance, comparing the signal strength of the target cell (i.e. Cell B) included in UE RLF Report with its pre-stored mobility configurations, it may decide to reduce TTT values rather than to delay the HO decision, in the case that the target cell’s signal is strong enough. More specifically, in this case the HO failure is not because of weak target signal power. Instead, the real reason is that the Time of Stay (ToS) is too short (due to a too large TTT value) for UE to establish a stable connection with the target cell.

[image: image1]
Fig. 1: Example of mobility failure in HetNet, with re-establishment in the source cell [2].
As discussed above, it can be seen that acquiring the UE RLF Report and the mobility configuration of the handover-failed UE are very beneficial for MRO in RCA. Therefore, we suggest that:
Proposal 1: The HO REPORT message shall be extended to carry UE RLF Report which is not immediately available for the eNB responsible for the failure.
Proposal 2: The two possible MRO enhancement methods, i.e. a) including UE RLF Report in HO REPORT and b) making the context information about the failure available at the eNB responsible for the failure, shall be combined to improve MRO performance in HetNet deployment.
2.2 Granularity of mobility configuration storage
The context information about failure comes from two sources, namely the UE RLF Report and the mobility configurations related to the concerned failure. In the sequel, we will focus on the mobility configuration.
Although it is a common understanding that how the mobility configurations are stored in eNB is an implementation specific issue, further studies on the granularity of mobility configuration storage can still be helpful. A good storage design would help eNB to retrieve mobility configuration information and therefore facilitating the RRC/X2 signalling design.
As suggested in [4][5], there are two types of granularity of mobility configuration storage, which are per HO (namely Solution 3) and per HO type (namely Solution 2). In addition, there can be other options, for instance per neighbouring cell, and combination of per HO type and per neighbouring cell, etc. In the sequel, we discuss various types of granularity and evaluate their pros and cons.
· Option 1: Per HO
With the aid of per HO granularity, MRO may have the most complete knowledge of mobility configurations and therefore enabling the most accurate actions. However, there are some implementation issues.
The first question to be resolved is to choose an appropriate identity, carried in the HANDOVER REPORT, for the source eNB to address the corresponding mobility configuration uniquely. Currently, it is proposed to reuse the C-RNTI  [4].
If C-RNTI is used to identify an outbound handover, the source cell cannot recycle the C-RNTI right after the handover, which imposes additional restrictions on reuse of C-RNTI. Thus, the potential impact on source eNB should be carefully evaluated.
One may argue that the intended usages of C-RNTI are for intra-LTE MRO, where the failure reports are typically delivered shortly after the failure occurs. However, recall that the early LTE deployment is likely to be only a complement to the legacy networks, implying that the deployment of eNBs can be sparse. Thus, an outbound UE may return to LTE networks after a certain period spanning from seconds to hours. Further, considering that the network loading would vary during peak and off-peak hours, the number of activated identifiers may vary from tens to hundreds, or even more.
Hence, the big challenge is how eNB stores the mobility configurations associated with a large number of activated identifiers. In other words, the number of activated identifiers has a direct impact on the eNB’s memory consumption, which imposes additional requirements on eNB’s capacity.
Moreover, careful considerations are needed to minimize the new HO identifier IE’s length, in order to minimize the additionally introduced signalling overheads, especially from RRC perspective. For this reason, the 16-bit C-RNTI is very likely to be too long in the context of identifying mobility configurations.
Proposal 3: Adding C-RNTI in UE RLF Report (and HO Report), i.e. Solution 3, should be precluded due to the issue of significantly increased overhead.
· Option 2: Per HO type
Handover decision may be triggered for various purposes. For example, the intra-LTE handover may be divided into at least three different categories as follows:
· Coverage-based HO: These handovers relocate UE to another cell because the UE is anticipated to leave the coverage of the current serving cell.

· Quality-based HO: These handovers are initiated because the UE can be served by another cell with better channel quality than that of the current serving cell.

· Load-based HO: These handovers are expected by the network to distribute load evenly between neighbouring cells or to avoid overloading situation in serving cell.
The eNB may maintain a HO decision “template” for each HO type and therefore use HO Tokens to identify them respectively during the coordinated RCA procedure as described in [5]. As a result, although the HO decision templates are permanently stored, the relevant memory consumption is low. Therefore, thanks to its semi-static property, we do not need to recycle it as the case of using per-HO identifier. However, although there may exist some other HO types, the per-HO-type granularity is too coarse for MRO to perform its functionality. More explicitly, handovers directing to different neighbour cells probably experience various radio environments, which can hardly be reflected by applying a single set of configurations bound with the HO type.
· Option 3: Per neighbour cell
In this option, the eNB maintains one set of mobility configuration parameters for each of neighbouring cells. More specifically, the eNB configures a UE with a list of candidate cells and their respective mobility configurations, e.g. Cell Individual Offset (CIO) and RSRP as the baseline, while allowing the UE to have some flexibility to adapt itself to its own conditions e.g. adaptive speed scaling. This method can use the CGI of neighbour cell as identifier and has similar pros and cons as the option of per-HO-type granularity.
· Option 4: Per HO type and per neighbouring cell
This hybrid option combines the benefits of Options 2 and 3, yielding a two-dimensional granularity. Note that the HO decision depends on the selected policy and channel condition. The selected policy may be indicated by HO cause value. In terms of channel condition, the HO controlling function mainly works on macroscopic fading rather than microscopic fading. It means that although the channel is time-varying, the macroscopic channel fading changes much slower than a specific handover duration and such changes could therefore be reflected by the mobility configuration of per neighbouring cell. Hence, in this way the MRO can achieve a similar performance as Option 1 (per HO granularity). Moreover, the complexity and memory consumption increase slightly in comparison with Option 2 and Option 3 that it is the linear sum of the overheads of Option 2 and 3. 
Proposal 4: Retrieval of context information about failure based on HO Token, i.e. Solution 2, shall be adopted considering its reasonable effectiveness and less overhead than Solution 3.
2.3 Design for HO Token
Concerning HO Token design, it is much easier to use the 2D granularity than using the per HO granularity. As mentioned before, it is not necessary to recycle the HO Token, implying less implementational complexity as well as less standardization efforts.
Note that in the scenarios discussed in MRO [6]
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[7], where Too Early HO/Wrong Cell HO happens, the target cell has been already recorded in UE RLF Report. Therefore, the source eNB could receive this information as long as the HANDOVER REPORT is allowed to piggyback UE RLF Report. This implies that the HO Token design can be independent of neighbour cell types and only the HO type information needs to be considered. Therefore, the length of the HO Token IE to be delivered through RRC/X2 interfaces can be much shorter than C-RNTI, therefore resulting in less signalling overhead.
Proposal 5: Concerning HO Token design, it is recommended to adopt the 2-D granularity method which requires minimum additional standardization efforts and causes minimum RRC/X2 signaling overheads.
3 Conclusion

In our point of view, retrieval of context information about failure is beneficial for improving HO performance in HetNet deployment. Moreover, we identify that the two-dimensional granularity composed by target cell identity and HO type information is an effective and efficient solution.

Based on the above observations, we propose that:
Proposal 1: The HO REPORT message shall be extended to carry UE RLF Report which is not immediately available for the eNB responsible for the failure.

Proposal 2: The two possible MRO enhancement methods, i.e. a) including UE RLF Report in HO REPORT and b) making the context information about the failure available at the eNB responsible for the failure, shall be combined to improve MRO performance in HetNet deployment.



Proposal 3: Adding C-RNTI in UE RLF Report (and HO Report), i.e. Solution 3, should be precluded due to the issue of significantly increased overhead.
Proposal 4: Retrieval of context information about failure based on HO Token, i.e. Solution 2, shall be adopted considering its reasonable effectiveness and less overhead than Solution 3.


Proposal 5: Concerning HO Token design, it is recommended to adopt the 2-D granularity method which requires minimum additional standardization efforts and causes minimum RRC/X2 signaling overheads.
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A mobility failure for a high speed UE can occur after successful HO preparation to CellB due to: 


Failure to connect to CellB (e.g. failed RACH access or failed RRC Conn. Reconfig. Complete)


Success in connecting to CellB but shortly after being subject to RLF


The UE reappears in CellA after the failure
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