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1 Introduction
A new SI named “HetNet mobility enhancements for LTE” has been agreed with the following objectives [1]:
“The study shall consider both network centric solutions and possible UE assisted enhancements.

· 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, the above objectives are first examined towards HetNet mobility scenarios, and their impact zones are identified against operation steps in handover procedure. Some preliminary analyses are subsequently performed along handover’s operation flow, on more detailed aspects for further studies. Tentative texts capturing these study areas are subsequently proposed to TR 36.839.
2 Scope and scenarios

Applying carrier aggregation (CA) on HeNBs would involve significant impact on both service requirement and system architecture. For example, it is not clear if there is strong demand to have different CCs configured with different access modes (closed, open, or hybrid), and/or with different CSGs [2]. It is also not clear how the following CSG related functions would be impacted in system architecture [3] to support UE’s simultaneous connection to multiple CSG cells:

“The following CSG related functions are defined:

-
CSG subscription handling function stores and updates the user's CSG subscription data at the UE and the network.

-
For closed mode, CSG access control function ensures a UE has valid subscription at a CSG where it performs an access.

-
Admission and rate control function is used to provide different admission and rate control for CSG and non-CSG members for a hybrid CSG cell.

-
CSG charging function enables per CSG charging for a subscriber consuming network services via a CSG cell or a hybrid cell.

-
Paging optimization function is optionally used to filter paging messages based on TAI List, user's CSG subscription data and CSG access mode in order to avoid paging at CSG cells where the UE is not allowed to access.”
Proposal 1: Support of “Home eNodeBs with multiple carriers (or CA) with CSGs (potentially different CSG on different carriers)” should be studied with consultation of SA working groups on the service requirement and architectural feasibility.
Pico cell deployment may be different in different countries or with different operators. Some operators may have more than one frequency and the frequencies may be different between macro and pico/ femto layers. On the other hand, CA may be enabled on both small cells and macro cells to enhance user throughput, 
Proposal 2: Both inter-frequency HetNet and intra-frequency HetNet should be considered in the SI.

Figure 1 depicts a handover procedure among UE, source eNB and target eNB. The operation between eNB and CN is not shown here, as the main focus is on the C-plane handling related to mobility enhancement.
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Figure 1: Handover procedure among UE, source eNB and target eNB
In step1, UE executes cell discovery, performs measurement, and sends measurement report to source eNB.

In step2, the source eNB makes handover decision based on UE measurement reports, sends handover request message to target eNB, and sends handover command message to UE after receiving the handover request ack message from target eNB. 

In step3, the UE will initiate random access process towards the target eNB to establish RRC connection. If the connection establishment succeeds, the target eNB sends UE context release message to the source eNB after it receives the path switch ack message from MME.

If there is RLF or HO failure, the UE will initiate connection re-establishment procedure as illustrated in step 4. 
Table 1 analyses and identifies the impact zones of the SI objectives against the above steps in HO procedure.
Table 1: Impact Zones of the SI Objectives

	Handover Operation (Over the Air)
	Relevant SI Objectives

	Step 1:  Measurements
a) Cell discovery;
b) Cell measurements;
c) Measurement reports.
	Identify and evaluate strategies for improved small cell discovery/identification.

Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe.

Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account.

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

	Step 2: Handover execution at source eNB
	Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe.

Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account.

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.

	Step 3: Handover execution at target eNB
	Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe.

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.

	Step 4: Recovery if there is RLF or Handover failure
	Identify and evaluate strategies for improved small cell discovery/identification.

Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe.

Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks.


For the above handover operation steps, some further discussions are given in the next section, based on the existing features (Release 10 and earlier), on potential aspects to be studied to achieve the SI objectives.
3 Potential aspects to be studied
3.1 Small cell discovery
Cell discovery may involve both physical layer operation (e.g., cell identification, PCI detection, etc.) and RRC aspects (e.g., restricted resource, etc). The former one is more related to RAN1, and RAN2 can explore more the later one, especially for the inter-frequency case, which has not been sufficiently examined in R10. Compared to intra-frequency case, extra efforts may be needed for small cell discovery on non serving frequency, if both restricted resource and inter-frequency measurement gaps are involved.
Proposal 3: Small cell discovery in inter-frequency scenario should be studied.
Often times, people visit some places repeatedly, e.g., home, office, and coffee shops, etc. Memorizing location information of these frequently visited places, UE can help eNB assign restricted measurement resource more timely and effectively. 
Proposal 4: The mechanism of taking advantage of UE-specific location information (e.g., finger print) should be studied for small cell discovery.
3.2 Measurement and reporting
When DRX is configured, UE may perform measurements under loosened requirements [4]. This essentially causes sparse measurement samples within a measurement evaluation period resulting in less accurate and less reliable measurement data. UE may also delay measurement reporting till the next DRX Active Time comes. With possibly many small cells deployed in HetNet environment, there may be significant increase in the occurrences of handover. This will increase the need of measurements, and hence magnify the limitation caused by DRX on measurement and its reporting. Hence, it is suggested to do further investigation on the impact of DRX on the measurement functionality.
Proposal 5: The impact of DRX on measurement functionality should be further studied for HetNet deployment scenarios.
As specified in TS 36.304 and TS 36.331, a UE detects its mobility state by comparing the number of cell reselections or handovers in a specified time period with some pre-defined thresholds. There are three mobility states: High-mobility state, Medium-mobility state and Normal-mobility state. Based on the detected mobility state, the UE then makes adjustment on certain mobility parameters used in cell re-selection or measurement reporting. 
In a HetNet deployment, cells of different sizes, e.g., macro, pico, femto and so on, can be mixed together. Since the sizes of cells may vary significantly, a UE with a constant speed may detect mobility states different from the one it should use in a cell, if it only considers the number of cell changes, not the size of those cells. In other words, the result of UE’s mobility state detection, based on previous cell re-selections or handovers, may not appropriately reflect the real cell change speed of the UE in the current serving cell. Take handover for an example, the existing mechanism of mobility state estimation may have the parameter timeToTrigger incorrectly scaled, leading to an inferior handover performance. Furthermore, the existing speed related scaling does not consider the possible different kinds of target cell: appropriate parameter values of timeToTrigger for macro cells may be proven too big for pico or femto cells, and vice versa. That is, target cells with different sizes may have different requirement on the parameter scaling, but the existing mechanism does not take it into account.
Proposal 6: The enhanced mobility state detection and parameter scaling mechanism which takes different cell-sizes into account should be further studied for HetNet deployment scenarios.

3.3 Handover decision
In HetNet deployment, many small cells are introduced for traffic offloading. This creates more handover areas. Consequently, handover signaling may increase significantly, putting more burdens on the whole network, especially in ping-pong handover or short handover scenario when a UE just passes by a small cell. Some information, e.g., UE’s mobility history information and UE finger print information as discussed in Section 3.1, may be taken into account for handover decisions to improve handover success rate and handover efficiency (i.e., handover to small cell when there is offloading benefit).
Proposal 7: UE’s cell usage information (e.g., UE’s mobility history information and UE finger print information) should be further studied for handover decisions in HetNet deployment scenarios.
3.4 HO execution at source cell
ABS pattern was introduced in Rel-10 to reduce the co-channel interference in HetNet deployment. ABS pattern can be configured quite sparsely, e.g., with a low activity cycle of (1/10, 1). In this case, a Handover command may possibly be delayed 10ms, because UE can only receive the message in ABS from a victim Pico cell. For high speed UE, it should be considered whether delay introduced by ABS pattern could lead to a handover failure, as the channel quality may deteriorate significantly in 10ms.

Similar problem may also arise for UE configured with long DRX. Long delay is incurred, since eNB needs to postpone sending the message till the next DRX Active Time. This may also cause UE to suffer Radio link failure or HO failure, especially due to the steep channel variations in HetNet deployment scenarios.
Proposal 8: The impact of ABS and DRX on handover latency should be further studied for HetNet deployment scenarios.
3.4 HO execution at target cell
If there is strong interference from an aggressor cell when a victim cell sends a Random Access Response (RAR) message, UE may have problem receiving RAR message, which results in an elevated level of random access failure. During handover, this will lead to an increase in handover failure rate in the extended range of a pico cell. The impact of aggressor cell’s interference can be mitigated on the victim UE’s random access, if the victim cell chooses to send RAR message in the aggressor cell’s ABS. Blindly sending all RAR message in ABS may, however, cause PDCCH capacity limitation [5]. As random access is an important component of handover, the improvement on random access in the extended range of a pico cell can lead to the reduction of the handover failure rate without exacerbating the Ping-Pong problem. 
Proposal 9: Random access enhancement for handover should be further studied for HetNet deployment scenarios.
3.5 Reestablishment
When UE encounters a RLF or Handover failure, it selects a cell and initiates a RRC Connection Re-establishment attempt. If the attempt fails, the UE goes to RRC_IDLE and tries to connect to the network. Due to the strong interference from aggressor cells in HetNet scenario, the UE may have difficulty to find a victim cell as suitable cell. And as discussed above, a victim UE may also suffer random access failure, which leads to the failure of RRC connection reestablishment procedure. These kinds of problems may be alleviated if ABS configuration is considered in the re-establishment process.

Proposal 10: The usage of ABS pattern for cell selection and random access, in RRC connection reestablishment procedure, should be further studied for HetNet deployment scenarios.
4 Conclusion
This contribution first examines SI’s objectives towards HetNet mobility scenarios, and identifies their impact zones along a handover operation flow. Preliminary analyses are subsequently performed, based on the existing features (Release 10 and earlier), on potential aspects to be studied to achieve the SI objectives. Tentative texts capturing these study areas are proposed to TR 36.839 in Annex.
 SI scope and scenarios:

Proposal 1: Support of “Home eNodeBs with multiple carriers (or CA) with CSGs (potentially different CSG on different carriers)” should be studied with consultation of SA working groups on the service requirement and architectural feasibility.
Proposal 2: Both inter-frequency HetNet and intra-frequency HetNet should be considered in the SI.
Cell discovery:

Proposal 3: Small cell discovery in inter-frequency scenario should be studied.
Proposal 4: The mechanism of taking advantage of UE-specific location information (e.g., finger print) should be studied for small cell discovery.
Measurement and reporting:

Proposal 5: The impact of DRX on measurement functionality should be further studied for HetNet deployment scenarios.
Proposal 6: The enhanced mobility state detection and parameter scaling mechanism which takes different cell-sizes into account should be further studied for HetNet deployment scenarios.

Handover Decision:
Proposal 7: UE’s cell usage information (e.g., UE’s mobility history information and UE finger print information) should be further studied for handover decisions in HetNet deployment scenarios.
Handover Execution:

Proposal 8: The impact of ABS and DRX on handover latency should be further studied for HetNet deployment scenarios.
Proposal 9: Random access enhancement for handover should be further studied for HetNet deployment scenarios.
Re-establishment:
Proposal 10: The usage of ABS pattern for cell selection and random access, in RRC connection reestablishment procedure, should be further studied for HetNet deployment scenarios.
In the following Annex, text proposals are provided to illustrate how efforts in these study areas can be captured in TR 36.839.

Proposal 11: RAN2 is kindly requested to discuss the section structure of TR 36.839 to capture studies efforts in various mobility related aspects.
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Annex A: Text proposal to TR 36.839

	Beginning of the change


6.
Strategies for improved small cell discovery/identification
6.x
Small cell discovery on non-serving frequency

6.y
Small cell discovery based on stored information
7.
Automatic Re-establishment procedures for mobility robustness
7.x
Cell selection with restricted resource

7.y
Random access with restricted resource
8.
Performance benefits of enhanced UE mobility state estimation
8.x
Cell-size-awared mobility state detection
9.
Mobility enhancements for Multi-Carrier (including CA) in HeNBs with potentially different CSGs

10.
Enhancements to improve mobility robustness in HetNet environment

10.a

DRX impact on measurement

10.b 
Impacts of ABS and DRX on handover latency

10.c 
Random access in handover process

10.d 
Usage of UE’s mobility history information in handover decision
	End of the change
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