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1
Introduction
In this contribution we provide our input to Rel-12 small cell mobility robustness for Scenario 1.
2
Learnings from HetNet mobility enhancement studies
Rel-12 Small Cell (SC) scenario #1 is deployment of macro and SCs on the same carrier bandwidth, also known as HetNet co-channel case. Mobility performance for HetNet co-channel deployments were studied extensively during the Rel-11 Study Item on HetNet mobility enhancements for LTE, resulting in the following main observations [1]:
-
Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments.  Of the different HO types, Pico to Macro handover performance showed the worst performance.
-
For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).
-
In general while longer DRX combined with higher UE velocity provides challenges to mobility robustness, adding small cells in combination with longer DRX, even medium velocity provides challenges to mobility robustness especially for pico outbound mobility.
-
eICIC can improve mobility performance in HetNet when ideal ABS pattern coordination among macro cells is used even with a large CRE bias (e.g. 6dB)
-
The mobility state estimation (MSE) is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes.
So essentially concluding that outbound small cell handover is challenging for cases where UEs are moving at medium to high UE speeds, or using long DRX configurations that causes delays on UE RRM measurements.
Solutions for addressing these problems are now under development in the Rel-12 Work Item on HetNet mobility enhancements for LTE. The main enhancements considered under this Rel-12 WI for HetNet co-channel cases are summarized in Table I, including references to selected 3GPP RAN2 contributions with additional details and performance results. Notice that given the enhancements in Table 1, the mobility performance / robustness for HetNet co-channel cases is concluded to have low probability of experiencing radio link failures (RLF), handover failures (HOF), as well as low probability of ping-pongs.
The enhancement summarized in Table 1 are anticipated to be equally applicable to Rel-12 SC scenario 1. Also, additional mobility robustness enhancements (as compared to what is listed in Table I) are currently under discussion in the following email discussion under the Rel-12 WI on HetNet Mobility enhancements for LTE:

-
[82#16][LTE/Het-Net] Mobility Robustness 
In general, it should avoided to repeat studies of mobility robustness enhancements under the Rel-12 SI on Small Cell Enhancements that are already being studied in the Rel-12 WI on HetNet mobility enhancements for LTE.
Table 1: Summary of Rel-12 mobility solutions relevant for Rel-12 SCE Scenario 1
	Enhancement
	Objective and solution components
	Benefits

	Speed dependent co-channel mobility improvements [2] [3]
	Objective: 
Optimize co-channel mobility performance as a function of UE speed.
Solution components:
Gray-listing (GL) with UE based enhanced MSE (eMSE) is used when UE mobility state is above normal. GL involves a list of conditionally restricted cells for measurement reporting by the UE where the GL cells are signalled to the UE by network. All UEs perform measurements on GL cells but UEs above normal MSE don’t send measurement report for a GL cell unless A5 event is met. In eMSE the network signals a specific MSE increment value to be used in connection with the handover. The increment value depends on the cell size and eMSE is needed to provide network deployment independent MSE estimate.
	Probability of RLFs and HOFs for fast moving UEs during pico cell outbound HO is minimized. Improvement in mobility performance by keeping high speed UEs out of pico cells to avoid high pico outbound HO failure rate.

	Enhanced res-establishment procedures [6]
	Objective:
Ensure fast call re-establishment for cases where RLF occur in HetNet environments to minimize impact on end-user performance.
Solution components:
The UE shall send re-establishment request to a pre-configured carrier. Pre-configured carrier for sending re-establishment is given to UE by the network.
	In the event of RLF for small cell handovers, minimize the impact on end-user performance by having fast and reliable re-establishment procedures. 

	Mobility enhancements with DRX [4] [5]
	Objective:
Ensure better HetNet mobility for cases where long DRX is used.
Solution components:
UE performs additional intra-frequency measurements after inbound handover to small cell. When the UE is handed over to a small cell the UE will perform measurements with minimum interval (e.g. 80ms DRX corresponding requirements) for a given time limited period. Solution will ensure that UE have accurate measurements to timely triggering of small cell outbound handover for all UEs including fast moving ones. As the measurements are only performed for a limited period of time the UE power consumption impact is insignificant. This is a generic solution for all UEs under all conditions independently from DRX, UE velocity and deployment.
	Robust mobility (Reduced HOF rate, RLF rate and ping-pong) and UE power savings opportunity with easy NW management (no need to analyze UE speeds). The solution is improving pico outbound mobility.


3
Concluding remarks
With the enhancements from the HetNet mobility Work Item mobility performance for Rel-12 Small Cell Scenario 1 is expected to improve. So for now it is recommended not to start studying related mobility robustness enhancements under the Rel-12 Small Cell Study Item for Scenario #1 before the HetNet mobility Work Item concludes. It is proposed that any comparison to justify further improvements should therefore incorporate the agreed HetNet mobility enhancements for Scenario #1 in its baseline. 
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