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1. Introduction
At RAN#61 meeting, a new WI "UMTS Mobility enhancements for Heterogeneous Networks" was approved in [1].
One of objectives of this work item is:

· Consider further mobility enhancements (e.g. intra-frequency event triggered reporting on the secondary carrier). (RAN2, RAN4)
In this paper, we discuss mobility enhancements in HetNet deployments in order for better user experience.
2. Discussion
2.1. Event 1D reporting on the secondary frequency
In HetNet deployments, when Multi carrier operation is used, the user experience may be impacted due to interference from small cells, and figure 1 is shown for this issue.
In figure 1, Cell 1 is a macro cell in frequency 1 (F1), and Cell 2 is also a macro cell in frequency 2 (F2), both cells are DC-HSDPA capable. Cell 3 is a small cell in F2 and it is used to improve the system capacity.
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Figure 1: HetNet deployments scenario
At position A, a DC-HSDPA capable UE accesses in the network, and DC-HSDPA operation is configured for the UE, with Cell 1 as the serving cell and Cell 2 as the secondary serving cell according to network strategy.
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Figure 2: An example for serving cell change
In case that the UE moves toward Cell 3 from position A to position B, Cell 3 is seen to introduce significant interference to the Cell 2 in F2, so the radio conditions of Cell 2 is impacted a lot, and then the network may decide to deactivate Cell 2.
In this case, when the UE moves into or around the coverage of Cell 3, DC-HSDPA benefits will be impacted and even lost completely (e.g. in the centre of Cell 3), and then user experience is thus worsen.
Observation 1: In some scenarios in HetNet deployments, the data transmission in the secondary serving cell is impacted due to interference from small cells.
Regarding this issue, there may be some configurations for the network to decide (in position B), and we list all of them in table 1.
Table 1: Different configurations after detecting a small cell on the secondary frequency
	Configuration No
	Operation 
	Frequency 1 (F1)
	Frequency 2 (F2)

	Configuration 1
	Single Carrier
	/
	The serving HS-DSCH cell is Cell 3

	Configuration 2
	SF-DC
	/
	The serving HS-DSCH cell is Cell 3, and the assisting serving HS-DSCH cell is Cell 2

	Configuration 3
	DF-3C
	The assisting secondary serving HS-DSCH cell is Cell 1
	The serving HS-DSCH cell is Cell 3, and assisting serving HS-DSCH cell is Cell 2.


For configuration 1, there is a serving cell changed from a macro cell to a small cell, so offloading gain can be achieved.
For configurations 2 and 3, both are already supported by the current specifications and user experience is guaranteed because more than one cell is served for the UE. In addition, offloading gains are also achieved and small cells can be utilized efficiently.
From our point of view, user experience will be guaranteed for configurations 1, 2 and 3, and in this procedure the serving cell will be changed into another frequency. Based on the existing mechanism, compressed mode is needed and it will take some time for the UE to detect neighbor cells on F2. However, compressed mode has so many drawbacks, such as introducing interference and normal data transmission is impacted.
A possible improvement is to introduce an intra-frequency measurement and independent event reporting on the secondary frequency. As shown in figure 1, when the UE is in position A, the network could configure Cell 3 in the cell list for UE’s measurement (e.g. event 1D on F2). When the best cell on the F2 is changed from the Cell 2 to the Cell 3, the UE reports the event 1D on F2, and then the network can decide to configure single carrier, SF-DC or DF-3C for better user experience.
Proposal 1: It is proposed to introduce event 1D reporting on the secondary frequency.
2.2. Impacts on the specifications
Here we list general impacts on the specifications due to proposal 1.

Stage-2 specification:

· Introduce descriptions on event 1D reporting on the secondary frequency
TS 25.331:

· The following IEs could be used for proposal 1 with necessary changes, e.g. to allow using this IE for event 1D configuration and reporting
· The IE "Intra-frequency cell info list on secondary UL frequency"
· The IE "Intra-frequency measurement reporting criteria on secondary UL frequency"
· The IE "Periodical reporting criteria for the secondary UL Frequency"
· The IE "Measured results on secondary UL frequency"
· The procedural text related to the above IEs could be reused

· UE capability on reporting event 1D on the secondary frequency may be introduced
TS 25.306:
· UE capability on reporting event 1D on the secondary frequency may be introduced

It is seen that there are no impacts to the RAN1 and RAN3 specifications.
3. Conclusion
In this paper, firstly we discuss mobility aspects in HetNet deployments and we find that in some scenarios in HetNet deployments, the data transmission in the secondary serving cell is impacted due to interference from small cells.
In order to solve this issue, we propose to introduce event 1D reporting on the secondary frequency, so user experience can be guaranteed because the network can decide to configure single carrier, SF-DC or DF-3C for the UE. So it is proposed:
Proposal 1: It is proposed to introduce event 1D reporting on the secondary frequency.
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