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1 Introduction
In RAN#43, a Work Item (WI) [1] was opened to specify Dual-Cell HSUPA (DC-HSUPA) operation. 

This contribution discusses the definition of the active set and the mobility considerations. We will present a mobility solution that is efficient and flexible. 
The term ‘anchor carrier’ or ‘primary carrier’ is used in this contribution to refer to the carrier on which HS-DPCCH is transmitted. We assume HS-DPCCH is only transmitted on one carrier, namely the anchor or primary carrier. 
2 Active Set Definition
In Rel.8 DC HSDPA, the active set only contains the sectors on the serving HS-DSCH cell frequency. The motivation is simplicity and the existence of a single uplink.  

In DC HSUPA, extension to the active set definition is needed for the addition of the second uplink carrier. To facilitate flexible deployment, we support the concept of independent active sets for the two carriers as proposed in [5]. 

In this contribution, we will use the terminology common in [5]and [6]. Specifically, we call the active set on the primary carrier as the ‘Primary Active Set’ and the active set on the secondary carrier as the ‘Secondary Active Set’. Likewise, we will use the term “Primary E-DCH Active Set’ and ‘Secondary E-DCH Active Set’. For the sake of convenience, we call a sector the geographical area associated with the dual cells.
The power control bit combining for the secondary uplink carrier is applied to all the cells in the Secondary Active Set. The Serving Grant update for the secondary uplink carrier combines the E-RGCH from all the cells in the Secondary E-DCH Active Set.
3 Relationship between the two Active Sets
As stated in the Work Item [1], the serving cell for both uplink carriers shall be the same. 
There are three possible configurations of the Primary Active Set and the Secondary Active Set of a DC-HSUPA UE, as illustrated in Figure 1. 
Configuration 1: The same sectors are in both sets.  

Configuration 2: The sectors in the Secondary Active Set form a subset of those in the Primary Active Set. 

Configuration 3: The set of sectors in both sets are independent. However, at anytime, the serving cell on both carriers belongs to the same sector. 


[image: image1]

Figure 1 DC-HSUPA Active set configurations. 
Configuration 1 is the baseline configuration. 
In the beginning of the DC-HSUPA deployment, there will be boundaries between Node B’s with and without DC-HSUPA. At such boundaries, both Configuration 2 and 3 need to be supported. 
If the secondary carrier is only partially deployed whereas the anchor carrier is universally deployed, Configuration 2 supports smooth serving cell changes since both Sector 1 and Sector 2 can be the serving sector. 

To see the necessity of Configuration 3, consider the mobility scenario depicted in Figure 2 where a UE is leaving the hotspot (Sector 1, or S1) with both F1 and F2. Only F2 is supported by Sector 2 (S2). Because of load balancing, UE’s current anchor carrier is assumed to be F1. When UE moves towards S2, F1 decays slower than F2 due to the lack of interference. If S2 is not added to the Secondary Active Set in time, the UE is not power controlled or rate controlled by S2 and therefore may cause excessive interference to S2. 
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Figure 2 A UE leaving a hotspot. 
In summary, all the three configurations should be supported. This implies independence between the Primary Active Set and the Secondary Active Set, and independence between the Primary E-DCH Active Set and the Secondary E-DCH Active Set. 
4 Triggers of mobility events
We do not propose any new triggers for the mobility events of DC HSUPA users. 

To maintain the independence between the Primary Active Set and the Secondary Active Set, the intra-frequency events, the Event 1x, are independently triggered on each carrier. The secondary carrier is considered as ‘used frequency’ [4] for all the Event 1x. 

In the example shown in Figure 2, the UE needs to trigger Event 1A on F2 in order to add Sector 2 to the Secondary Active Set. 
If the UE can trigger Event 1D on F2, its serving cell can be changed to Sector 2 when Sector 2 on F2 is stronger than Sector 1 on F2. Such a serving cell change will also change the anchor carrier to F2. On the other hand, if the UE can not trigger Event 1D on F2, the serving cell change to Sector 2 will happen after F2 on Sector 2 becomes stronger than F1 on Sector 1. As seen in Figure 2, F1 decays very slowly due to the lack of interference. Therefore, without triggering Event 1D on F2, the UE will suffer from poor uplink performance due to large path loss to Sector 1 on the uplink of F1, and at the same time, the UE may cause excessive interference on F2 to Sector 2. Consequently, UE should trigger Event 1D independently on each carrier. 
It remains FFS whether any further measures are needed to address the possible increase in the overhead caused by the extra number of Event 1x.  

Note that the serving cell on each carrier is always the same per WI [1]. 

For the inter-frequency events, as in Rel.8, Event 2x, the secondary carrier is considered as ‘non-used-frequency’. The switch between anchor and secondary carrier is executed through Event 2A. 

5 UE search capability
Since Event 1x will be triggered on both carriers, to reduce the delay in the mobility events, the UE must frequently search on the secondary carrier. Furthermore, when the secondary carrier is de-activated by either the RNC or Node B, the UE still needs to continuously monitor the channel conditions on the secondary carrier for mobility events. 

According to [1], the two carriers in DC HSUPA are adjacent. There is an optional capability for DC HSDPA UE in Rel.8 [4] of searching the secondary frequency without the compressed mode. Due to the necessity of such searches with independent active sets in DC HSUPA, we propose to make such a UE capability mandatory. 
6 Conclusions
Proposal 1: The active sets on both carriers are independent. The E-DCH active sets on both carriers are also independent. 
Proposal 2: The intra-frequency events, including Event 1D, are independently triggered on each carrier. The triggering conditions are the same as in Rel.8. The secondary carrier is considered as ‘used frequency’ for intra-frequency mobility events. The serving cell on both carriers shall be the same. 
Proposal 3: As in Rel.8, the secondary carrier is considered as ‘non-used frequency’ for inter-frequency mobility events. The switching between the anchor and secondary frequency is executed through Event 2A. 
Proposal 4: The UE search capability on the secondary frequency without the compressed mode is mandatory. 
It remains FFS whether any further measures are needed to address the possible increase in the overhead caused by the extra number of Event 1x.  
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