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Introduction

The evolved HSPA architecture that is introduced in section 9.1.1.3 in [1] has all the RNC functionality in the evolved HSPA NodeB. It enables a truly flat HSPA architecture without RNC as a separate network element. This document shows that it possible to benefit from SHO gains also in a truly flat network architecture, e.g. to enable fast handovers between the NodeBs
TSG-RAN plenary #33 discussed the issue of Soft Handover in the evolved HSPA architecture and concluded that SHO is to remain in the interface specifications of the evolved HSPA RAN. It was also concluded by the plenary that there are scenarios where SHO gives benefits and there are those where it does not. In this paper some further details are provided regarding the use of SHO.
Discussion
Evolved HSPA architecture – stand alone -option - is a solution for a flat radio access architecture of UTRAN network. In this architecture the RNC functions are in the NodeB, which in this document is named as evolved HSPA NodeB. Evolved HSPA system enables to use 3GPP Release 5 and later Releases of air interface with no modifications for HSPA traffic. Figure 1 illustrates evolved HSPA architecture. 
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Figure 1. Evolved High Speed Packet Access architecture.
The evolved HSPA NodeB has Iu-PS interface towards packet switched CN. Iu-PS user plane can either be terminated in SGSN or in GGSN, if one tunnel solution is used. Evolved stand-alone HSPA is designed with full mobility support, including intra-system handover within the system. Intra-system handover within evolved HSPA is executed between cells, which belong to different evolved HSPA NodeBs (inter- evolved HSPA NodeB handover). Handover towards other 3G networks is standard serving RNC relocation. The communication between evolved HSPA NodeBs takes place over Iur interface.
SHO for Signalling Radio Bearers:

As the physical control channel (DPCCH) is maintained in the cells within the active set, as is in macrodiversity case in general (recall the use of uplink combining being transparent to the UE), the uplink and downlink L1 synchronization is existing and the actual (hard) handover can be made fast for user plane data. If desired, for SRB the actual macrodiversity can be applied (UL, DL or both direction, recall that with Release 5 SRB has to be mapped on DCH still both in uplink and downlink) as the resulting overhead for the  transport is marginal. To enable MDC for SRB, not only the Iur control plane but also the user plane remains between the evolved HSPA NodeBs. 

Benefits of soft handover usage in inter- evolved HSPA NodeB handover 

From radio interface (UE) point of view intra-system evolved HSPA handover is standard 3GPP HSPA handover. 

Evolved HSPA specific changes are mostly due to serving evolved HSPA NodeB relocation. The specific use of macrodiversity relates to soft handover state. In case of evolved HSPA, the inter-NodeB handover proceeds in 2 phases:

1. New radio links may be added at least for signaling radio bearers (DCH) and also for uplink user plane bearers (UL DCH) to operate in soft handover mode. They provides more reliable signaling over R99-DCH, in-advance uplink synchronization on the target evolved HSPA NodeB (Drift) and macrodiversity gain in uplink. Control and macro diversity combining point stays still in the source evolved HSPA NodeB (Serving). 
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Figure 6. Data flow in soft handover state in evolved HSPA system before inter- evolved HSPA NodeB handover.
2. Hard handover for HS-DSCH carrying DL traffic is executed whenever the new cell becomes more favourable than the existing one. When the serving HS-DSCH cell change is triggered from one NodeB to another, the serving NodeB is relocated accordingly. During relocation, processes are terminated in the source evolved HSPA NodeB and initiated in the target NodeB, and reconfiguration is activated in Uu according to 3GPP SRNS relocation procedure.
Uplink synchronization at target NodeB is pre-condition for HHO related to downlink data transport (phase 2). Synchronized uplink in advance to the actual HHO minimizes the interruption caused by the handover for the downlink data path.

Macrodiversity for (downlink) signaling radio bearer increases the reliability of the handover related signaling on phase 2. It minimizes CRC errors and hence the RLC PDU loss and the need for RLC PDU re-transmissions, which in turn also ensures minimum break in downlink data flow during the handover phase. 

Algorithms and parameters for adding and releasing prepared radio links and selecting serving NodeB are similar to conventional 3GPP soft handover and serving HS-DSCH cell selection, respectively. Also the power control behavior works as such, when UL macrodiversity is supported.

Backward compatibility from 3GPP Release 5

The stand-alone scenario of the Evolved HSPA supports Rel-5 terminals which have HSDPA capability. Downlink data traffic shall always use HSDPA, thus the handover for the downlink data traffic is hard handover.

For Rel-5 terminals the uplink data traffic uses R99-DCH. Transport optimized macrodiversity should be applied in handover zone. 
Downlink signaling radio bearer uses either FACH or whenever feasible R99-DCH, and macrodiversity shall be applied with R99-DCH in handover zone. 
Uplink signaling radio bearer uses either RACH or whenever feasible R99-DCH. Macrodiversity is applied with R99-DCH in handover zone. If transport optimized macrodiversity is implemented for UL radio bearer, it is then applicable also for signaling radio bearer.

Conclusions and proposal

The main benefit of using L1 soft handover is the minimization of the interruption time and data loss during the hard handover. It also ensures high reliability of inter- evolved HSPA NodeB handover procedure. These are important elements in case of handover with high user plane data rates.  

It should be also noted that the inter-NodeB handover in the evolved HSPA architecture can be implemented without soft handover phase, by applying hard handover for both downlink and uplink user plane bearers as well as for signaling radio bearers. 
It is proposed to add the Discussion section of this document in [1] in section 9.1.1.3 or in any other section that is found appropriate for documenting these handover scenarios for flat evolved HSPA architecture.
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