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1 Introduction

At RAN3#75bis meeting, we provided simulation results in [1] to present the impacts of CRE/ABS on the mobility performance in the concerned HetNet deployment.
In this contribution, we focus on the inter-pico mobility failures in CRE region in order to clarify their own characteristics and then to find appropriate solutions for them.
2 Discussions
2.1 Importance of inter-pico mobility failures
As mentioned in [1], we employed the 2-pico and 4-pico deployments in our simulations. From the simulation results, we observed that:

· The total number and proportion of inter-pico handovers increases when more pico cells are deployed, with its occurrence increasing proportionally to the CRE bias value.
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Fig. 1: (Normalized) Number of handover failures per UE per second under the velocity of 30 kmph in 2-pico scenario [1].
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Fig. 2 : (Normalized) Number of handover failures per UE per second under the velocity of 30 kmph in 4-pico scenario[1].

Moreover, another important phenomenon that we observe from Fig. 1 and Fig. 2 is that when more pico cells are deployed, the inter-pico HOF rates associated with all CRE bias values become higher. Recall that the proportion of inter-pico handover also grows as more pico cells are deployed. This implies that in this case the number of failed inter-pico handovers dramatically increases. Thus, when operators try to deploy more pico cells for boosting system capacity, the degraded inter-pico handover performance would becomes a big challenge. 
Although the MRO solution for HetNet is supposed to be workable with any combination of different type cells, i.e. homogenous or heterogeneous, concerning the concerned mobility failure, further analysis shows that so far the researching of inter-pico mobility failures is not sufficient.
In case of RLF/HOF, the UE shall select the cell with the best downlink signal quality for re-establishing RRC connection. Therefore, due to the deactivation of CRE configuration in RRC_IDLE mode mobility, during the RLF recovery, the opportunity for the UE to reselect a macro cell would be much greater than reselecting pico cell after encountering a mobility failure in CRE region as shown in Fig. 3, even if the pico cell offers a smaller downlink path loss. 
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Fig. 3: Inter-pico mobility failure in CRE region.

Such inter-pico mobility failures are troublesome for MRO verdicts, which we conclude in Table 1 for better understanding.
Table 1: Conclusion of inter-pico mobility failure
	
	Too Late HO

(too aggressive CRE bias)
	Too Early HO

(too conservative CRE bias)
	HO to Wrong Cell

(mismatched CRE bias)

	UE behaviors
	UE would select a macro cell for RRC re-establishment after experiencing RLF in serving pico cell. 
	Shortly after successful HO to target pico cell, UE experiences RLF and then selects a macro cell for RRC re-establishment; or UE would select a macro cell for RRC re-establishment after it failed HO to the target pico cell.  
	Shortly after successful HO to target pico cell, UE experiences RLF and then selects a macro cell for RRC re-establishment; or UE would select a macro cell for RRC re-establishment after it failed HO to the target pico cell.  

	Verdict according to current MRO use case definitions
	Too Late HO (
	HO to Wrong Cell (
	HO to Wrong Cell (


As shown in Table 1, the root causes for failures are different, e.g. too conservative CRE bias leading to Too Early HO and mismatched CRE bias leading to HO to Wrong Cell. However, it is hardly possible for MRO detection algorithm to differentiate the “real” Wrong Cell HOs from the Too Early HOs if it still works in the way conforming to the “conventional” definitions of MRO use cases. Consequently, such wrong diagnoses (e.g. Wrong Cell HO) as well as the subsequent potentially incorrect rectification on handover parameters may be propagated to the pico cells through MRO negotiation. This may inflict undesirable network behaviours such as inter-layer ping-pong HO.
Furthermore, the above discussions also indicate that the inter-pico mobility failures are different from the inter-layer mobility failures due to CRE identified by RAN3 as quoted below [2]:
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Hereby, based on the above discussions, we propose that:
Proposal 1: Further studies are needed in RAN3 for further improving the inter-pico mobility performance in HetNet.
Proposal 2: For any solution addressing to mobility failures due to CRE presence, RAN3 should evaluate its viability with any combination of different type cells relating the concerned mobility failure.
2.2 Way forward for resolving inter-pico mobility failures in CRE region
Concerning the inter-pico mobility failures in CRE region, it is impossible for the pico cells to understand the situations and apply any remedy without the essential information as follows:
· Whether CRE bias is employed?

· What CRE bias value takes effect? 

Due to the application of CRE bias is transparent for RRC_CONNECTED mode UE, it is not feasible that UE would report such information initiatively. In that sense, we suggest that researching on NW-based solution for mobility failures in CRE region should be considered as high-priority work in RAN3. 
Moreover, it is beneficial to make the context information about the failure available at the PeNB that is responsible for the failure. As analyzed in [3], we suggest that retrieval of context information about failure based on HO Token, aka Solution 2 [4], shall be adopted as the way forward for resolving inter-pico mobility failure, considering its equal effectiveness and less overhead than Solution 3 [5].

Hereby, based on the above discussions, we propose that:

Proposal 3: RAN3 should treat the researching of NW-based solution for mobility failures in CRE region as high-priority job.
Proposal 4: Retrieval of context information about failure based on HO Token, aka Solution 2, shall be adopted as way forward for resolving inter-pico mobility failure.
3 Conclusion

In this contribution, we evaluated the importance of inter-pico mobility performance for HetNet deployment, and discussed its severe impacts on MRO verdicts. Based on the associated analysis, we propose that:
Proposal 1: Further studies are needed in RAN3 for further improving the inter-pico mobility performance in HetNet.
Proposal 2: For any solution addressing to mobility failures due to CRE presence, RAN3 should evaluate its viability with any combination of different type cells relating the concerned mobility failure.
Proposal 3: RAN3 should treat the researching of NW-based solution for mobility failures in CRE region as high-priority job.
Proposal 4: Retrieval of context information about failure based on HO Token, aka Solution 2, shall be adopted as way forward for resolving inter-pico mobility failure.
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b)	In the presence of CRE, HO criteria at a macro for a HO to a pico may differ, e.g. depending on the UE capabilities. If a UE is handed over to the pico and a failure happens soon after the HO is successfully completed, and the UE reconnects at the source cell, or at another cell, the too early or wrong cell HO resolution is triggered. However, the source cell (i.e. the cell that started the HO to the pico) will receive the HO REPORT, but will not be able to identify which HO criteria are wrong.
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