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1 Introduction

In RAN #35 plenary meeting, it was approved that the way forward on HSPA architecture evolution would focus the work on the 2nd alternative architecture, the one with RNC in NodeB [1] which is also called flat architecture. As described in 9.1.1.3 of [2], the architecture with RNC in NodeB consists of two deployment scenarios, stand-alone carrier and carrier sharing. For each of two scenarios, the support of CS service should be considered.

Through last RAN3 meeting and subsequent email discussion, CS handling in stand-alone scenario seems to be almost ready. However, about solutions enabling CS service in the carrier sharing scenario, although some discussion was started [3]

 REF _Ref161800229 \r \h 
[4], it was not fully discussed and further study is needed. The present document aims to investigate how the CS service is supported in carrier sharing scenario.   
2 Discussion
As presented in 9.1.1.3 of [2], the eHSPA RAN consists of an eHSPA NodeB only, where all RNC functionalities are collapsed into this NodeB. We model this evolved NodeB as consisting of a V-RNC (virtual RNC), a V-NB (virtual NodeB) and a V-Iub (virtual Iub) between them as shown in Figure 2‑1. The V-RNC and the V-NB represent RNC and NodeB functionalities and their possible enhancements respectively.
In principle, in order to provide CS support for the carrier sharing scenario, four connectivity options, Iub, Iur, Iu-CS and Iu-CS signalling are possible. The first two options assume that the eHSPA RAN connects to the core network via Iu-PS only and the collapsed eHSPA RAN handles the CS services as little as possible. As a contrast, the Iu-CS options provide not only Iu-PS but also at least a partial Iu-CS connection to the core network, and the eHSPA RAN can provide partial or even full CS handling. In this context, for simplicity in description, we name them Iub-based solution, Iur-based solution, Iu-CS solution and Iu-CS signalling solution respectively and analyze them further below.
2.1 Iub-based solution 
As shown on the left side of the Figure 2‑1, the eHSPA RAN connects to the legacy UTRAN through an Iub interface. The CS connection between the UE and the CS core network can be established through the V-NB and the legacy RNC. 
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Figure 2‑1 RNC in NodeB: inter-working with legacy network 

Based on the Iub interface, legacy RNC would be the CRNC of the V-NB, which means that the legacy RNC owns all the resources of the V-NB. The legacy RNC also acts as an SRNC. For PS-only services, the V-RNC plays the role of the RNC. The V-NB performs L1 processing in both CS and PS domain. Now the problem is that V-RNC, operated as RNC in PS domain, is using the same physical carrier resource as the legacy RNC in the CS domain. How can this be achieved?
One answer may be to have a V-NB resource split. The V-NB resources are divided into two parts where the part controlled by legacy RNC is for the CS domain, and the remaining part controlled by V-RNC is for the PS domain. This CRNC split problem will cause significantly increased complexity in common channel handling and cell management. As we know, according to the existing specifications, the common channels, such as PCH, FACH and RACH, shall terminate at CRNC, i.e. for this case at the legacy RNC in the CS domain and at the V-RNC in the PS domain respectively. 
If we go this way forward on standardization, there will be a lot of extra work, such as possibly defining multiplexing mechanism for common channel handling, specifying some more signalling for resource coordination and status synchronization between these two separated CRNC etc.
2.2 Iur-based solution
In the solution illustrated on the right side of Figure 2‑1, the V-RNC acts as the CRNC of V-NB, managing the resource of V-NB. Also, it is the SRNC for PS connections between the UE and PS CN. As a result, the PS service can benefit from the collapsed architecture in both CP and UP. Once the CS service for a particular UE is triggered, the legacy RNC shall take over the management of all connections associated with this UE. The CS connection and possible PS connection are established over Iur, with the V-RNC acting as DRNC and the legacy RNC as SRNC. The SRNC borrows resource from the DRNC to establish a service connection. This principle completely matches radio resource handling principles in the existing specifications and thus can be standardized with relatively small amount of time and cost. 

Since it is supposed that when CS connection for a particular UE is established, the legacy RNC shall be the unique node to terminate the Iu and Uu protocol at both control plane and user plane. In the case that the PS connection already exists before the CS service is triggered, SRNS relocation shall be performed with the ongoing PS connection due to this CS service. 
Probably, the SRNS relocation causes the ongoing PS service to be downgraded because the legacy network does not provide the same efficiency as the eHSPA network. But the service, as always in backward compatible issues, should be allowed to be downgraded when handing over to the legacy network. 
For this Iur-based architecture, some necessary signalling enhancements to enable CS service are needed, e.g. the RRC connection establishment may across an Iur interface, and a SRNC relocation may be triggered by a CS service request. The paging also needs to be enhanced since there is no Iu-CS connection between the CS core and eHSPA RAN.
2.3 Iu-CS solution
The two solutions above assume that the eHSPA RAN is optimized for PS services only and that the legacy CS services will be implemented through the legacy network as much as possible. As a result, the Iu-CS interface between eHSPA RAN and CS core is removed. However, some issues like paging and SRNS relocation could not be performed as in the previous release. Paging may be implemented in a similar way as in GPRS via the Gs interface, but if there is no Gs interface deployed, it will not work.
One method is to add the Iu-CS link between the eHSPA RAN and CS core as illustrated in Figure 2‑2. On the left of the figure is the full Iu-CS link and on the right the Iu-CS signalling.

[image: image2.emf]NB

RNC

V-RNC

I

u

b

Legacy UTRAN

eHSPA 

NodeB

V-NB

CS CN

PS CN

NB

RNC

V-RNC

V-Iub

V-Iub

I

u

b

Legacy UTRAN

eHSPA 

NodeB

V-NB

CS CN

PS CN

I

u

-

C

S

V-RNC

V-Iub

Iu-PS

I

u

-

C

S

 

s

i

g

n

a

l

l

i

n

g

Iu-PS

Iur


Figure 2‑2 RNC in NodeB: connections to CS core network 

Full Iu-CS link suppose that eHSPA RAN provide full CS support. In the CS domain, the eHSPA RAN has almost same structure as the existing UTRAN with the only exception that the RNC functionality is collapsed to NodeB. It is expected that CS services can be supported with a minimum change of the current specifications. Due to the flat structure, some gain in latency can be anticipated. If needed, in Iu-CS solution, the eHSPA RAN can interconnect with legacy UTRAN via an Iur interface.
Full CS support in eHSPA RAN has some impacts on the architectural optimization of the HSPA evolution. The evolved HSPA should provide PS-oriented optimization, and utilize the shared channel mechanism to maximize the radio resource efficiency, which requires some functionality such as RRM, scheduling etc. to be packet-oriented. Now if we put into eHSPA RAN all these RRM and scheduling functionality concerning the legacy CS service which is quite different from the packet service, it makes eHSPA RAN more complex and the architectural optimization is somewhat suppressed.   
Another issue in the Iu-CS solution is the number of the Iu-CS interfaces. The evolved HSPA in CS domain is effectively flat. The CS core needs to support much higher number of Iu-CS link. A compromise is to replace the full Iu-CS link by a partial Iu-CS link, namely Iu-CS signalling, or even a reduced Iu-CS signalling link. 
2.4 Iu-CS signalling solution
If we consider a conventional Iu-CS signalling interface existing between eHSPA RAN and CS CN as shown on the right of Figure 2‑2, the Iu and Uu signalling concerning CS service will be terminated at eHSPA RAN. The CS traffic can only be routed to CS CN by legacy UTRAN. The eHSPA RAN has to perform all the CS processing in RAN. Therefore, in essence, there’s no big difference from the full Iu-CS solution.
In order to leave CS processing in RAN for legacy network as much as possible while keeping the convenience of Iu-CS signalling in support of CS service, we proposed to have a reduced Iu-CS signalling between the eHSPA RAN and CS CN based on the Iur-based solution described in section 2.2.

The reduced Iu-CS signalling interface is expected to provide a small fraction of functionality of conventional Iu-CS signalling interface, for example, over this link, CS paging can be directly distributed to eHSPA RAN in the same way as in the existing specifications; the CS call can be set up more quickly by taking advantage of this interface as its procedure can be proceeded to reach CS CN before the SRNC is relocated to the legacy RNC. Other functionalities on this reduced Iu-CS signalling interface are FFS.
3 Conclusion and Proposal
This contribution analyzes four possible solutions, Iub-based solution, Iur-based solution, Iu-CS solution and Iu-CS signalling solution to legacy CS service support in carrier sharing scenario in a flat radio access architecture for HSPA evolution. Based on our analysis, Iur-based solution with an additional Iu-CS signalling interface to CS core network leads to lower complexity and is easier to be standardized. Therefore, we propose that:

· eHSPA RAN interfaces the legacy UTRAN with an Iur interface in stead of Iub to support the legacy CS service in the architecture with RNC in NodeB.
· eHSPA RAN interfaces with CS CN with an Iu-CS signalling interface.
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