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1 Introduction

Single Frequency Dual Cell HSDPA (SFDC-HSDPA) was proposed in [1]. In Rel-8 and Rel-9, the dual cell HSDPA (DC-HSDPA) and dual band DC-HSDPA were subsequently introduced which allow one NodeB to serve one or more users by simultaneous operation of HSDPA on two different frequency channels in the same sector.

If the single carrier HSPA network is deployed, to exploit the usage of the idle receiver chain of a DC-HSDPA UE, independent transport blocks from two sectors are allowed to transmit to one UE in the same frequency. The sectors can be belonging to the same NodeB or different NodeBs which we call intra-site and inter-site SFDC-HSDPA respectively. In this contribution, we provide some further insights on this new scenario of multi-cell transmission.
2 Modifications to the DC-HSDPA feature
2.1 Determination of secondary serving HS-DSCH cell
The determination of secondary serving HS-DSCH cell associates the mobility procedure and measurement. The network decides the secondary serving cell based on the receiving pilot power which can select the second strongest cell as the secondary serving HS-DSCH cell. However, some other factors need to be considered as follows,

· The receiving pilot power strength threshold

If the second strongest receiving pilot power cell is below the threshold, the secondary serving cell cannot be found. For example, if one UE is in the central region of the serving cell and the receiving pilot power strength threshold is not taken into account, the secondary serving cell may not provide the good link to the UE and cause higher error rates sometimes. Thus, more retransmissions will be needed and the overall system performance may be deteriorated compared with the single serving cell case. Moreover, the HS-DPCCH needs to be transmitted at higher power in order to reach the secondary serving cell which may cause additional interference to both serving cells. It will increase the burden of uplink. So a receiving pilot power strength threshold is needed to determine the secondary serving HS-DSCH cell.

· The load situation

The load situation in the secondary serving cell should also be considered besides the pilot power strength. The high load cell without unoccupied codes, spare powers cannot serve as the secondary serving cell.

· The allowed secondary cell category

If the networks don’t support the inter-site SFDC-HSDPA, it needs to restrict the determination to cells that belong to the same NodeB as serving HS-DSCH cell. 
2.2 Secondary serving HS-DSCH cell timing
In the dual-carrier networks, the two transport blocks from the same NodeB to one UE are time and frequency synchronized. But in SFDC-HSDPA, whatever intra-cell or inter-cell SFDC-HSDPA, a timing delay would be introduced. Hence in order to derive frame timing and timing reference for the secondary serving HS-DSCH cell by reusing a DC-HSDPA UE receiver, the network could signal the timing offset of the secondary serving HS-DSCH cell relative to the serving HS-DSCH cell to the UE.
Furthermore, the HS-DPCCH timeline on the uplink needs to be defined for SFDC-HSDPA UEs [2].
2.3 Co-exist with legacy soft and softer handover
Soft and softer handover are the CDMA specific handover types implemented in the UMTS system and form one of the most characteristic features of the revolutionary WCDMA access method. Soft and softer handover has been applied in the HSUPA system and has not been involved in HSDPA system right now. In the case of soft and softer handover the UE receives two separated signals from the two different cells in different NodeBs or the same NodeBs through multi-path propagation and these signals are combined using some combination technology at the UE receiver. The legacy soft and softer handover are also one of the multi-cell transmission technologies which put more emphasis on providing the improved signal quality to the UEs at the cell edge. Whereas, the SFDC-HSDPA seeks larger transmission data rate which transmits two transport data blocks for one UE from two different sectors while the soft handover only transmits two copies of the same data block. So SFDC-HSDPA and soft/softer handover can be regarded as the multiplexing and diversity technologies, respectively. However, the two technologies have the analogous principle. It seems reasonable to introduce the two technologies into system simultaneously. The worthwhile considering question is how to determine the use of two technologies and how to deal with the coexistence of them.
2.4 NodeB scheduler modifications
The transmission modes should be determined among SFDC-HSDPA, the legacy soft/softer handover mode (if introduced) and the switching serving cell mode in the scheduler. The switching serving cell mode means picking the best sector as the serving cell. Note that this mode can be applied to the UEs with a single receiver chain [2]. The DC-HSDPA UEs can adopt all of the modes while the UEs with single receiver chain are likely to transmit in the legacy handover mode or switching serving cell mode. The UEs should report their own receiver capability.
In three different scenarios, the scheduler should obtain necessary information to complete the process of scheduling. For intra-NodeB SFDC-HSDPA the scheduler can be implemented by a combined site-scheduler which is aware of the effects of interference for simultaneous transmissions. For inter-NodeB intra-RNC SFDC-HSDPA the scheduler most likely requires some NodeB-NodeB signalling or UE feedback. As there is no interface between different NodeBs, it is requisite to convey the NodeB-NodeB signalling to the same RNC and the RNC forwords the information to different NodeBs through Iub interface to finish the exchange of the message. For inter-RNC SFDC-HSDPA the scheduler surely requires some information from different RNCs. It can be implemented by the message exchange through Iur interface between RNCs. It is FFS which scenario(s) should be supported for SFDC-HSDPA.
2.5 Upper layer enhancements to support the SFDC-HSDPA
Modifications to the MAC-ehs scheduler for intra-site SFDC-HSDPA appear not necessary when there is one entity scheduling users belonging to the site. For inter-site SFDC-HSDPA the data for one UE is now maintained in two independent queues at different sectors. It is envisaged here that some minor upper layer enhancements may be needed at both UE and RNC due to increased delay jitter between packets following different routes to the terminal.
2.6 SFDC-HSDPA for single carrier UE
Single Carrier UEs cannot suppress other cell interference as effectively as Dual Carrier capable UEs. So, instead of simultaneous transmission to the UE from the serving and the secondary serving cells, we can transmit packets from the two cells in an alternating way. In each TTI, RNC chooses a cell which has a better channel condition as the serving cell based on the CQI information, as illustrated in Figure 1.
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Figure 1: Switch serving cell for single carrier UE

When the UE feedbacks HARQ information, the codeword corresponding to the cell without sending data should be set to DTX. For example, cell B sends data and UE decodes it right, UE should send codeword corresponding to D/A.

3 Conclusions
In this contribution, we provided further insights on the DC-HSDPA operation in a single frequency network. It consists of determination of secondary serving HS-DSCH cell, cell timing, co-exist with legacy handover process, scheduler modifications, upper layer enhancements and SFDC-HSDPA for single carrier UE. This issues need to be discussed further.
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