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Introduction

The work item [1] was agreed to develop Dual-Cell HSDPA (DC-HSDPA) on adjacent carriers. 
This contribution discusses the definition of an active set and mobility considerations around hotspots.

For purposes of this contribution, the following terms are defined:

· Cell: A geographic area and frequency pair uniquely identifiable by broadcasted ID and carrier frequency.

· Anchor Carrier: A DL carrier of cells in the UE’s Active Set, typically having an associated UL.
· Supplemental Carrier: A DL carrier of a UE HS-DSCH serving cell, typically having no associated UL.
· Carrier Set: A set of Anchor and Supplemental Carriers from the same geographic area across the frequencies in the Carrier Set, i.e. the same “cell across carriers.”
2
Active set definition 
2.1 Existing Active Set definition

The definition of the active set is a relevant consideration because the enhancement of mobility for dual-carrier specification may depend on the meaning of these terms in a dual-carrier context. 

The Access Stratum specifications use the term Active Set widely in the definition of additional terms such as “used frequency” and in the specification of detailed requirements from physical layer procedures to information elements in messages to internal UE protocols. 
Specification [2] defines the Active Set as the “[s]et of radio links simultaneously involved in a specific communication service between an UE and a UTRAN access point.”  While “… a radio link is uniquely identified by the downlink UARFCN and the primary scrambling code …” [3]. “A "radio link" is a logical association between single [UE] and a single UTRAN access point” [2]. “A UTRAN access point is associated with one specific cell” [2]. 

However, within the Access Stratum specifications (e.g. [3], [4]), the UE Active Set is referred to as both a set of cells and a set of radio links. The Active Set cells are defined as all cells from which “[u]ser information is sent … [i]n FDD, the cells in the active set are involved in soft handover.” 
The term “active set size” does not appear in the versions of [2] or the RRC, MAC and PHY specifications (25.331, 25.144, 211-215, 321, 322, 331). Conditions depending on the content of the active set are typically specified rather according to the underlying requirement in the given context, such as: “In all cases, UTRAN should: … create active sets that contain at least one common radio link across a DPCH or F-DPCH frame boundary as the result of one or multiple (parallel) active set update procedures” (emphasis added). 

2.2 Proposed Active Set in DC-HSDPA
The proposal comprises clarifying the current definition of Active Set. In dual-carrier HSDPA, the Active Set would include all cells in the active set on the Anchor carrier frequency (including HS-DSCH serving cell) and any Supplemental carrier frequency HS-DSCH serving cell. 
Note that, as a result of this definition, the Active Set would not necessarily be symmetric across Anchor and Supplemental carriers because the Active Set does not include Supplemental carrier frequency cells corresponding to Anchor carrier frequency active set cells but which have no radio link on that Supplemental carrier frequency. The rationale for this is that (1) all Active Set cells are active (have DL radio links associated with them) and (2) Supplemental carrier cells would be handled appropriately according to the set they are in.
3 Hotspot scenarios
There are a number of motivations for a new aggregate trigger. First, without a new aggregate trigger, a UE may not handoff to the sector offering the better data rates sector or may handoff away from the sector serving the better data rates. Second, without a new aggregate trigger, the UE may not have any method of inherently indicating a request for serving cell or sector change.

The best serving cell or sector issue is particularly relevant in hot spot scenarios where a hot spot in this context is defined generally as any transitional area between single carrier and dual or dual-carrier sectors, whether due to pico-cell hotspots or coverage border regions or staged roll-out of dual-carrier cells.  Consider for example the figures below showing CPICH Pilot Ec/Io profiles over time where the solid lines are the anchor frequency and the dotted lines are the supplemental frequency. Sectors are indicated by colour (blue for single-carrier sector ‘a’ and green for hotspot sector ‘b’).

In case 1, the hotspot sector ‘b’ is the aggregate best sector in terms of throughput between time points 1 and 2 even though the anchor pilot of sector ‘b’ does not exceed the anchor pilot of sector ‘a’. Yet, there would be no single-carrier serving cell event to transition the UE from sector ‘a’ to sector ‘b’ and the benefit of the hot spot would be missed. This would be particularly unfortunate because the supplemental carrier on ‘b’ is stronger than the anchor ‘a’. This scenario may be common because there may be limited interference on the supplemental frequency resulting in a stronger Ec/Io than that of the same sector’s anchor frequency. 
[image: image1.emf] 

Hot Spot could provide better data rates


Figure 1: Case 1, On the anchor carrier, the hot spot is weaker than the single carrier cell
However, even if this is not the case, i.e. if the two frequencies have similar Ec/Io profiles as shown in case 2, the same issue may arise where no serving cell change would occur with single-carrier events thus not taking advantage of the hotspot. Furthermore, even in cases where the anchor ‘b’ pilot goes above the ‘a’ pilot, the UE might not get the highest possible data rates. 
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Hot spot could provide higher data rates


Figure 2: Case 2, Both hotspot carriers are weaker than the single carrier
In case 3, even though there may be a serving cell change between 2 and 3 due to single-carrier events, the hotspot sector ‘b’ is can provide higher data rates during the considerably wider time frame 1 to 4.  
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Hot spot could serve for longer periods of time


Figure 3: Case 3, The hot spot becomes the best sector on the anchor carrier 
Conversely, another issue would arise when, as shown in case 4, the UE is on the hotspot sector ‘b’ but, based on single-carrier events it would leave the hotspot to the non-better data rates single-carrier sector ‘a’ even though it should not.
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Unnecessary serving cell changes can be avoided


Figure 4 Case 4, The hot spot dips slightly on the anchor carrier
4
Conclusion

This contribution presented the current specification requirements relevant to dual-carrier mobility and proposed a definition of the active set in dual carrier and showed hotspot scenarios where an enhanced trigger would be helpful.
Proposal: In dual-carrier HSDPA, the Active Set would include all cells in the active set on the Anchor carrier frequency (including HS-DSCH serving cell) and any Supplemental carrier frequency HS-DSCH serving cell.
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