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1. Introduction
The Mobility settings change (MSC) interpretation problem is agreed in TR37.822 [1], and the corresponding solutions are provided. In this paper, we will further evaluate the solutions considering the HetNet scenario. 
2.  Scenario 
In HetNet, the cell range extension (CRE) mechanism was designed to exploit the gains on offloading more UEs from the macro cell to the pico cell. However, the interference from macro cell will cause the performance degradation of DL control channel of the UEs in the CRE. Thus, the eICIC study in Rel-10 introduced Almost Blank Subframe (ABS) to allow the CRE with low to moderate CRE bias [2] (typically below 6dB as mentioned in some RAN1 contributions [3]). After that, in the context of FeICIC study in Rel-11, UE-based interference cancellation (IC) technique (e.g., CRS-IC, PSS/SSS/PBCH-IC) was introduced to further improve UE throughput performance. Therefore, the CRE with large bias is enabled for UEs with IC capability (depending on the evaluation scenario, the CRE bias beyond 6dB can provide performance gains for some macro/pico deployments in interference limited scenarios with techniques that mitigate CRS interference [4]). Table 1 shows the allowed CRE bias for different UEs. In this sense, the macro cell may set HO parameters differently depending on the UE’s capability. An example is shown in Fig. 1, where three handover trigger points are set for different UEs, and each point represents the outmost handover point from macro cell to pico cell. It is obvious that the handover trigger point for FeICIC capable UE cannot be applied to legacy and eICIC capable UE, and the handover trigger point for eICIC capable UE cannot be applied to legacy UE; otherwise, too early handover would happen. 
Table 1 
	UE category
	Allowed CRE bias

	Legacy UE (without capability of eICIC/FeICIC)
	No or low CRE bias 

	eICIC capable UE
	Moderate CRE bias

	FeICIC capable UE
	Large CRE bias  
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Fig. 1 Handover trigger points for the UEs with different capabilities
An example is considered as shown in Table 2, where both macro cell eNB and pico cell eNB share the same acceptable CRE bias range for each UE category, as listed in the 2nd column. The CRE biases in use for different UE categories are given in the 3rd column. Macro cell eNB intends to offload more eICIC UEs to pico cell; and it sends the “Mobility Change Request” message to pico cell eNB with a relative large change value, e.g., increasing CRE bias by 2dB. If the requested change value is applied in pico cell, the CRE biases for different UE categories would be like the ones shown in the 4th column.  
Table 2

	UE categories
	The acceptable CRE bias ranges(dB)
	The CRE bias in use (Before MSC procedure)
	The CRE bias if increasing CRE bias by 2dB

	Legacy UE
	[0, 3]
	2dB
	4dB

	eICIC capable UE
	[3, 6]
	3.5dB
	5.5dB

	FeICIC capable UE
	[10,11]
	10dB
	12dB


According to the problem description in Section 4.1.2 of TR37.822 [1], pico cell eNB may reject such request because some UEs (i.e., the legacy UE and FeICIC capable UE) may not be able to handle it (after applying the requested change, the derived CRE biases for both legacy UE and FeICIC capable UE exceed the acceptable ranges).
To solve this problem, three solutions have been provided in the TR:
· Solution 1: 
a. “Clarify that the negotiation is for the least sensitive UE (typical legacy UEs)”
Based on this solution, the pico cell eNB will reject the request because for the legacy UE, CRE bias of 4dB exceeds the acceptable range, i.e., [0, 3]. 
b. “Clarify that the negotiation is for the most sensitive UE” 
Based on this solution, the pico cell eNB will reject the request because for the FeICIC capable UE, CRE bias of 12dB exceeds the acceptable range, i.e., [10, 11]. 
· Solution 2: 
The macro eNB defines the UE group based on UE’s capability, i.e., legacy UE, eICIC capable UE and FeICIC capable UE. 
This solution allows the MSC procedure to be triggered for eICIC capable UE only. 
· Solution 3: 
The handover trigger point in the MSC procedure represents the outmost one from macro cell to pico cell, which indicates to adjust the handover parameters for FeICIC capable UE. 
Based on this solution, the pico cell eNB will reject the request since for the FeICIC capable UE, CRE bias of 12dB exceeds the acceptable range, i.e., [10, 11].   
Based on the analysis above it is obvious that only solution 2 can solve the MSC interpretation problem in the above example. We therefore propose
Proposal: RAN3 kindly recognise that fact that the proposed solutions 1 and 3 cannot solve the MSC interpretation problem in some scenarios, e.g., multiple handover triggers are set for UEs with different ICIC capabilities (i.e., legacy UE, eICIC capable UE and FeICIC capable UE). 
3. Conclusion
This contribution evaluates the identified solutions for MSC interpretation problem in HetNet scenario, and proposes that
Proposal: RAN3 kindly recognise that fact that the proposed solutions 1 and 3 cannot solve the MSC interpretation problem in some scenarios, e.g., multiple handover triggers are set for UEs with different ICIC capabilities (i.e., legacy UE, eICIC capable UE and FeICIC capable UE). 
Furthermore, it is proposed to capture the following text proposal in TR. 
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Text proposal

4.1.2
Mobility Settings Change interpretation

Problem description:

The way the Mobility Setting Change procedure is defined allows for very different implementations, also such that may reduce the available range for the negotiation. To depict it, the following example may be considered: 

There are two eNBs, eNB A, whose vendor considers the procedure as "advisory" and relies on its implementation, and eNB B where the procedure is considered binding and where the mobility decisions are made according to the agreed mobility settings. If the two eNBs are to negotiate the mobility setting, the eNB A may propose rather big changes, assuming that if there is a UE that can not handle such a big extensions, the mobility implementation will hand over the UE sooner. Despite the fact that the specifications do not mandate to apply the negotiated handover to all UEs, the eNB B may reject such a request because some UEs (e.g. legacy UEs) may not be able to handle it. And since the standard states that eNB A should consider the response before executing the planned change, the available range for the load balancing may be reduced.
Solutions:

The problem can be solved in different ways:

1.
 A clarification can be added as a specification or as an information element in the Mobility Setting Change procedure.

a.
Clarify that the negotiation is for the least sensitive UE (typically legacy UEs). 

b.
Clarify that the negotiation is for the most sensitive UEs.

2.
 A solution that enables the Mobility Setting Change to be applied to a selected group of UEs (as discussed for the ping-pong problem) can also help to limit the ambiguity of the procedure.
3.  The problem may be considered as irrelevant, because the ambiguity was present in the procedure since the Rel.9, when it was first specified. Then, the handover trigger points established via Mobility Setting Change procedures should be interpreted as a recommendation that, whenever possible, the negotiated handover trigger point shall be respected. This trigger point represents then the outmost handover point from a source cell to a target cell. Namely, UEs can be handed over to the target cell at or before this trigger point. The handover trigger point negotiated via Mobility Setting Change should be applied whenever possible, depending on UE conditions and implementation.
Note: Solutions 1 and 3 cannot solve the problem in some scenarios, e.g., multiple handover triggers are set for UEs with different ICIC capabilities (i.e., legacy UE, eICIC capable UE and FeICIC capable UE).
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