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1  Introduction
This paper aims to propose some mobility management enhancements for MP-HSDPA operation. In particular, few scenarios are highlighted for which legacy event-based measurement reporting and virtual active set management (assumed to be extended to MP-HSDPA operation) may not be sufficient to achieve optimal MP-HSDPA performance (and user experience).
2 Discussion
Current specifications [1] allow a UE to report event-based measurements on the anchor/primary carrier only, and to maintain a virtual active set on the secondary carrier.
For MP-HSDPA operation, it seems beneficial to add the possibility for the UE to report some virtual active set measurements to the RNC based on specific events. 

2.1 Virtual Event 1d reporting 

The following example scenarios show (qualitatively) how the system performance may be improved by reporting the event e1d (change of best cell) on the secondary carrier. Note that those scenarios may apply similarly to traditional (homogeneous) macro deployments or hetnet (macro/pico) type of rollouts. 
One basic assumption followed in all the examples is that any the anchor carrier shall be supported by all cells involved in the MP-HSDPA transmission (i.e. scheduling HS-PDSCH to a certain UE), such that all those involved cells are able to decode the UL HS-DPCCH.
1) Hot-Spot F1&F2 deployment - DC to DF-DC (or vice-versa) 

Some aspects of this scenario have been discussed in previous RAN1-2 papers ([2-4]). The main assumptions are:

· F1 deployed everywhere, F2 additionally deployed in hot-spots.

· In the hot-spot area, in order to balance the load on the uplink, the UTRAN decides to switch the anchor carrier frequency of some UEs to frequency F2
The scenario is illustrated in the following figure. Notation: the term “active” (or “inactive”) refers to a link that schedules (or not) HS-PDSCH to the UE.
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Fig.1 – Leaving Hotspot - DC to DF-DC based on virtual e1d reporting
As the above figure shows, when the UE is leaving the hotspot area covered by F1&F2 (toward F1-only sites/cells), the network may re-configure the UE from A) DC (or DF-DC) to B)  DF-DC based on event 1d reported on the secondary carrier (F1), i.e. when the F1-cell of the NodeB2 becomes better than the F1-cell of the NodeB1. Anchor carrier switch (to F1) is needed in this case, to allow NodeB2 (F1-only) to decode the UL HS-DPCCH.
Note that in the illustrated hotspot scenario, the F2 signal from NodeB1 sees less inter-cell interference thus it is quite likely to have larger coverage/quality than F1 from NodeB2. Due to this, relying only on intra-frequency event reports on F2 (for example event 1f) may unnecessary delay the switch to the best NodeB2 F1 cell.

2) Blanket F1&F2 deployment: DC (or DF-DC) to DF-DC (or vice-versa) 
One scenario, and the corresponding outcome of the proposed mobility enhancements, is illustrated in the following figure. Notation: the term “active” (or “inactive”) refers to a link that schedules (or not) HS-PDSCH to the UE.
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Fig.2 - DC (or DF-DC) to DF-DC (or vice-versa) based on virtual e1d reporting
In the above figure it is shown how the network may re-configure the UE from A) DC (or DF-DC) to B)  DF-DC based on event 1d reported on the secondary carrier (F2), i.e. when the F2-cell of NodeB2 becomes better than the F2-cell of NodeB1. The opposite scenario may also apply (B to A).
2.2 Reporting other virtual intra-frequency events 

Based on similar principles and motivations described above for the virtual event 1d, one could also think about scenarios where other virtual intra-frequency events (e.g. 1a, 1b) could be useful, for example

· Virtual event 1a could trigger the following transition

·  Intra-NodeB DC or DF-DC (F1&F2 on NodeB1 – F1 anchor carrier) => inter-NodeB DF-3C (F1&F2 on NB1 and F2 on NB2)

· Virtual event 1b could trigger the same transition as above, but in the opposite direction (DF-3C to DF-DC or DC).
3 Conclusions and Proposals
Based on the above examples and arguments, the following proposal is made to RAN2:
Proposal 1 – Add “virtual” event-1d reporting (i.e. e1d reporting based on secondary carrier RF measurements) for MP-HSDPA. 
Proposal 2 – Discuss the need to add other virtual intra-frequency events reporting (based on secondary carrier RF measurements). 
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