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1. Introduction
A new Rel-11 study Item was approved at the latest RAN plenary:

· HetNet mobility improvements for LTE (RP-110438)
The main objectives of this new SI are:

· Identify and evaluate strategies for improved small cell discovery/identification. (RAN2)
· Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe (RAN2, RAN1 if requested by RAN2)
· Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks. Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account. (RAN2, RAN3)
· Robust mobility functionality under various supported assumptions for the availability of UE measurements (including DRX functionality) shall be ensured/taken into account as well as UE power consumption and complexity (RAN2, RAN4)

· Further study and define mobility enhancements for Home eNodeBs with multiple carriers (or CA) with CSGs (potentially different CSG on different carriers) (RAN2, RAN3)

In this contribution we further elaborate on some of the above objectives that we recommended for further study under the new Rel-11 SI. 
2. Small Cell Discovery
HetNet deployments where a macro cell and a small cell (pico or HeNB) are deployed on different carriers poses a particular challenge for the macro UE to discover the small cell. Hence it challenges the ability to have robust mobility for offloading a macro UE to a small cell. Usually the UE is configured with inter-frequency/inter-RAT measurement configuration by the serving macro eNB that allows the UE to measure and report on inter-frequency/inter-RAT neighbour cells
There are scenarios with small cell deployments where the UE meets the criteria to perform measurements only later than when it really should. Thus, offloading of macro UEs to small cells opportunities may be wasted. 
Rel-9 includes functionality for UE detecting and storing permitted CSG/hybrid cells via the Autonomous Search Function (ASF) and reporting of proximity indication to inform the network that it is in close vicinity of allowed CSG/hybrid cell(s). However, the rules and UE behaviour for discovering and storing permitted HeNBs as well as triggering the sending of proximity indication is not standardized. It has become apparent in 3GPP (e.g. during the CSG reselection test case discussions) that it is beneficial to have clear requirements to conform to a CSG or other small cell detection performance. Having such requirements standardized gives increased confindence that proximity indication is useful in practice for optimizing macro to CSG/hybrid HeNB mobility performance. At the same time it is important not to push unreasonable requirements/measurement burden on UEs.As UE’s battery life preservation shall be still achieved there is a need to look into solutions which balances the network need for idenfication of potential small cells while at the same ensure low impact on UE power consumption. 
Proposal #1: Mechanisms for efficient mobility between macro-carrier and small cells on other carriers shall be further studied. 
3. UE Mobility State Estimation
The current LTE specifications include UE mobility state estimation based on past number of cell reselections (Idle mode) or handovers (Connected mode). For medium and high mobility states, UE may add an offset to the signaled Qhyst (HO margin) and scale the Treselection (Time-To-Trigger) by a factor. These scaling factors are parameters signaled by the network and are optional so the speed dependent scaling can also be turned off – more details available in [2][3]. Among others, these mechanisms can be used to optimize mobility for high velocity UEs.

In addition to the UE mobility state estimation, so-called UE history information is also signaled between eNBs on X2 for Connected mode UEs. Among others, the UE history information includes; the time the UE stayed in previous cells, the corresponding cell type and cell size, etc.. The cell size is enumerated as {verysmall, small, medium, large, …} [4]. Thus, for Connected mode UEs, it is possible to take both the number of past cell changes and the corresponding cell size into account when estimating the UE speed at the network.

The problem with the currently specified methods for UE mobility state estimation is that the cell size is not taken into account. This is especially relevant for HetNet scenarios, where the cell size can vary significantly. Let us further illustrate the potential problem with the following example:

· Let us assume that we have a UE moving with moderate speed of approximately 30 kmph.

· If the UE is served on macro-layer, the UE will likely estimate its mobility state as “normal”. This allows UE to be offloaded to micro/pico cells.
· However, if the UE is served on small cell layer (say pico or micro), it will experience many more cell changes and will therefore likely estimate its mobility state as “medium” or “high”.

· Now UE is classified as fast moving mobile with “high” mobility state and it is served by the macro layer. A UE moving at 30 km/h is not maintaining its “high” mobility state for long and consequently a low number of cell changes in macro will soon chance UE state back to “normal”. As a result UE is allowed to be offloaded back to micro/pico. In some cases this will result oscillation between layers even if the UE is moving with the same moderate speed.
It is therefore suggested to further investigate the performance using the currently specified UE mobility state estimation mechanism in HetNet environments, as well as quantify potential benefits of various new improvements for Rel-11. Study if current specifications include sufficient mechanisms for steering the traffic between macro and small cell layers depending on UE speed, as well as evaluate various proposals for possible Rel-11 enhancements.
Proposal #2: It shall be further investigated if current specifications include sufficient mechanisms for avoding high speed UEs on small cell layer, as well as analyze the pros and cons of potential enhancements for Rel-11. Evaluate if current UE mobility state estimation is sufficiently reliable for HetNet scenarios, or whether further enhancements could bring attractive benfits.
4. Re-establishment Procedures
The introduction of different types of cell types creates new challenges for mobility procedures. Since HetNets comprise of different network layers like macro, pico and femto, each potentially deployed over different set of carriers mobility procedures are likely to become more complex. Considering “sharp” small cell boundaries and new radio environment there is a possibility that they may become more prone to errors. To counteract new or improved procedures for connection re-establishment might be needed to improve overall system robustness. The following illustrates some reasons that demand looking in to new or improved connection re-establishment procedures:
· A macro-UE moving towards a non-allowed CSG HeNB on the same carrier as the macro eNB is likely to experience a sudden quality degradation, which in some cases may trigger RLF followed by Idle mode cell search in an attempt to caller-establish the connection. Here, it is worth exploring solutions that prevents call drops or potential solutions for minimizing the interruption time experienced by the macro-UE due to RLF and speed up the connection re-establishment process.
Proposal #3: We propose that new or improved procedures for connection re-establishment to improve overall system and mobility robustness be studied. 
5. Robust Mobility Functionality and DRX
HetNet deployment introduces several challenges to be addressed and among these the combination of need for robust mobility functionality and reduction in UE power consumption. Especially smart phones with always online features are facing substantial challenges.

Current specification addresses the UE power consumption challenge by enabling the possibility for network to configure UE’s in connected mode with DRX. When UE has been configured with connected mode DRX [2] this is also reflected in the UE measurement requirements [5] in order to enable UE power saving opportunities by allowing the UE to enter sleep mode in between active time without need for constant wake up due to measurements.
Challenges arise when deployment of HetNet for increased throughput demand and user friendly functionality like robust and seamless mobility is combined with requirements for user acceptable UE power consumption while being in connected mode.The basic challenge can be illustrated by two simple examples:

1) Configuring connected mode DRX and the chosen DRX parameters may negatively impact the handover mobility. On the other hand it is desirable to introduce connected mode DRX for improving UE power consumption for increased user happiness. For example, oOne challenge arises if UE measurement report has been sent to the network but the UE enters DRX prior to reception of handover command from network. Not being available for receiving the handover command introduces extra delay in the handover procedure which is un-desirable.

2) Current specification does not take DRX into account when using Time-To-Trigger in connection with event evaluation. This means that if UE is configured with DRX and is in long DRX (i.e. DRX is longer than Time-To-Trigger for the event) a measurement report sending can be triggered based on a single measurement sample. This is undesirable from system level point of view as it reduces the reliability of the mobility.
Given these challenges, we propose the following:
Proposal #4: Investigate and find solutions enabling simultaneous deployment of HetNets together with Connected mode DRX for efficient UE power saving, while still ensuring robust mobility functionality, under varying measurement availability.

6. Mobility for HeNBs with Carrier Aggregation
The use of carrier aggregation (CA) on HeNBs and corresponding mobility mechanisms were not studied in detail in Rel-10. We therefore propose to review potential required updates to Rel-10 specifications in order to have HeNBs with CA and corresponding mobility functionality to be fully supported in Rel-11. Among others, it shall be decided whether all component carriers (CCs) on a HeNB are always assumed to have the same mode, or whether there are advantages of having the flexibility to e.g., have some CCs configured as CSG (closed subscriber group) while other CCs on the same HeNB configured as open access.So, we propose the following:
Proposal #5: Further review potential updates required to have HeNBs with CA supported in Rel-11 with special emphasis on the corresponding mobility functionality.  
7. Conclusion
In this contribution we have further discussed the topics we propose to have further studied as part of the new Rel-11 Study Item entitled “HetNet mobility improvements for LTE”. In summary, we propose that RAN2 considers the following further for defining the work for this Rel-11 Study Item:
· Proposal #1: Mechanisms for efficient mobility between macro-carrier and small cells on other carriers shall be further studied.
· Proposal #2: It shall be further investigated if current specifications include sufficient mechanisms for avoding high speed UEs on small cell layer, as well as pros and cons of potential enhancements for Rel-11. Evaluate if current UE mobility state estimation is sufficiently reliable for HetNet scenarios, or whether further enhancements could bring attractive benfits.

· Proposal #3: We propose that new or improved procedures for connection re-establishment to improve overall system and mobility robustness be studied
· Proposal #4: Investigate and find solutions enabling simultaneous deployment of HetNets together with Connected mode DRX for efficient UE power consumption saving, while still ensuring robust mobility functionality under varying measurement availability.
· Proposal #5: Further review potential updates required to have HeNBs with CA supported in Rel-11 with special emphasis on the corresponding mobility functionality.  
A clear benefit of new mobility enhancements shall be demonstrated in order to be considered for further Rel-11 standardization. Also, realistic assumptions for the availability of UE measurements (including DRX functionality) shall be taken into account as well as UE power consumption and complexity.
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