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1. Introduction

HSPA Evolution has been agreed as a study item for Rel8 [RP-060217]. As a part of that study item it is natural to also consider the UTRAN architecture and possible optimizations.

In this contribution we analyse the objectives to introduce changes to the UTRAN architecture. We also compare the proposals on evolved UTRAN architecture and from our conclusions we propose a way forward in the HSPA architecture evolution work.

2. HSPA Architecture Evolution Targets
HSPA Evolution shares many objectives with the work on LTE. Objectives such as increased throughput and spectral efficiency, reduced latency, complexity reductions, are of course important and need careful consideration. 
However there are some significant differences between the HSPA evolution work and LTE which needs to be considered. For HSPA there is a significant amount of legacy equipment (terminals and network equipment) already deployed in the field. This means that greater care needs to be taken to backwards compatibility, i.e. the possibility to introduce changes to the existing architecture with a minimum impact on the already deployed terminals and network nodes. By backwards compatibility, we mean:

· Legacy terminals (i.e. =<Rel6) shall be able to connect to the HSPA evolved architecture on the same carrier in the same cell as evolved HSPA UEs.
· Legacy CN (CS and PS domain) and UTRAN nodes (i.e. <= Rel6) shall be able to connect to the HSPA evolved architecture without any upgrade.

In addition, TSG RAN has at meeting #33 further clarified the scope of the architecture evolution work. The evolved HSPA architecture shall:

· Connect to the 3G CN with the Iu interface. This is motivated by the fact that any delay on the definition of the S1 interface, should not affect the work on HSPA evolution.

· Support macro-diversity. It is understood that macro-diversity can provide gains for the WCDMA radio interface and any architecture proposal shall be able to support it.

· Provide security solutions at least as good as the traditional UTRAN architecture.

We also note that HSPA Architecture evolution should be defined independently from enhancements in the HSPA radio interface. With such approach 3GPP will not force an operator that wants the HSPA evolution radio enhancements into a situation in where he also needs to change the already deployed network infrastructure. Thus, we understand that also the traditional UTRAN architecture shall be enhanced in order to support an independent evolution of the HSPA radio interface.

3. HSPA Architecture Evolution
Apart from the traditional UTRAN architecture, four different proposals have so far been presented as candidates for an HSPA architecture evolution [R3-061220], [R3-061165], [R3-061208] and [R3-061096]. Proposal [R3-061208] is in reality a discussion of possible ways forward which are covered by the traditional architecture and the existing proposals already on the table.
For that reason, our analysis will focus on the remaining four proposals, which are depicted in Figure 1 and Figure 2:

[image: image1.emf]Top right       

corner  for        

field-mark, 

customer or 

partner logotypes.     

See Best practice 

for example.

Slide title 

40 pt

Slide subtitle 

24 pt

Text

24 pt

Bullets level 2-5

20 pt

Iu

Node_B

(incl SRNC/ 

DRNC and 

CRNC)

3G CN

Iur

Node_B

(incl SRNC/ 

DRNC and 

CRNC)

Alternative 1 Alternative 2

RNC

Node_B

Iu

Node_B

3G CN

Iub

Iub


Figure 1: HSPA architecture evolution proposals
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Figure 2: HSPA architecture evolution proposals

3.1 Alternative 1 – “Traditional UTRAN Architecture”

It is Ericsson’s assumption that the radio interface enhancements shall be finalized independent of the work on the evolved HSPA architecture. This also means that support for those radio interface enhancements shall be included on the existing Iur, and Iub interfaces. 

By disconnecting the radio interface enhancements with the architecture evolution, 3GPP would achieve:

· Operators that want the radio interface enhancements are not forced to migrate into the evolved HSPA architecture. This could be especially beneficial for operators with different vendors of CN and RANs which might not have fully synchronized release schedules.

· UEs become independent of the architecture, which means full support for legacy terminals on the same carrier in the same cell.
Thus, it is our understanding that the traditional UTRAN architecture will support the evolved HSPA radio enhancements, irrespective of the work on HSPA architecture evolution.
Apart from technical advantages, such as it is a proven and well working architecture, with existing support for the Iu interface, macro-diversity combining and with security termination outside the NodeB, it is also clear that this alternative will have the least possible specification, implementation and testing impact. This alternative will likely provide the cleanest and smoothest possible migration path for existing network equipment, already deployed in the field. 

In addition, by maintaining the same functional split as in the UTRAN architecture and by adding backwards compatible functionality to the Iub and Iur protocols, it will be possible to gradually deploy the new functionality in a live network which significantly eases up the network upgrade process.

Standardization Impact:

None – support for radio interface enhancements need to be introduced in any case.
3.2 Alternative 2 – “Small RNC” [R3-061220]
Traditionally, node capacity has been kept outside the specification work. Thus it is perfectly possible to develop a small RNC, controlling say 3 cells, and locate this hardware at the NodeB site. The Iub interface collapses into a site internal interface, and the NodeB site is connected via Iu towards the CN and Iur towards other NodeBs.
This solution can be beneficial from the point of view that all radio functionality is moved to the NodeB site, which allows for faster RRM and signalling towards the UE. The solution suffers however for a more complicated mobility procedure, security termination in the NodeB site, and considerations of transmission efficiency for soft handover. It is also unclear if legacy CS and PS nodes are able to configure and handle a large amount of Iu interfaces towards the RAN architecture. Another concern is that with this proposal the common channels termination point and the complete SS7 protocol stack is being moved to the NodeB.
Standardization impact:

Although this proposal in reality is fully standard compliant with the existing specifications, contribution [R3-061220] identifies that there might be a need to increase the number of bits of the RNCid. This should not be a major effort, but some considerations need to be taken to consider how an extended number of bits in the RNCid should coexist with URNTI.
3.3 Alternative 3 – “CRNC in Node B” [R3-061165]
In this proposal the CRNC (and consequently the DRNC) is moved to the NodeB site, controlling only the set of cells originating from that site. The SRNC is kept in a central location higher up in the network hierarchy. The CN interacts via Iu towards the SRNC, and the interface towards the NodeB site becomes in reality an Iur interface. Iub is collapsed into a NodeB site internal interface.
The solution can be beneficial from that certain RRM functions (admission and congestion control) are located closer to the radio interface and can better interact with the NodeB scheduler. Further, this solution can efficiently support soft handover and keeps the security termination outside the NodeB site. This architecture allows the NodeB to connect to multiple SRNC nodes (although with limitations), but it needs to be considered if a step in such direction would impact the configuration and operations of the network in a negative way. As well as for Alternative 2, this architecture also implies that the common channels termination point and the full SS7 protocol stack is moved to NodeB.
Standardization impact:

In order to get a workable solution, there is a need to add functionality on the interface between the SRNC and the NodeB site (i.e. the Iur interface), this as today’s specifications assume that the CRNC receiving the initial UE message will take the SRNC role and forward the message to the relevant CN node. This type of extension on the Iur interface can anyhow be seen as minor.

3.4 Alternative 4 – “Iu-UP in Node B” [R3-061096]
In this proposal the RNC is split in a control plane and a user plane component, and the Iu-UP termination is moved to the Node B. With the “one tunnel” approach this would mean a two node user plane path, while the control plane still makes use of three nodes.

Unfortunately a split of the RNC in a control and user plane part is not as easy as just to perform a split. As examples we note that the usage of Iub/Iur-frame protocol control frames has lead to that a significant amount of control plane information is also transported in the user plane. We also note that for certain procedures like RL RECONFIGURATION there is a very tight timing requirement between the user plane and control plane, which makes it difficult to perform a control plane – user plane split with maintained performance. In a control plane – user plane split solution, this type of information would need to be transported in a timely manner between the NodeB and RNC-CP nodes.

This solution also suffers from the same security concerns as Alternative 2.

Standardization Impact:

This alternative would require a significant amount of standardization defining a completely new interface including all information that is today moved between the RNC-CP and RNC-UP parts. 
4 Analysis

Table 1 summarizes the different architecture alternatives, and comments on their possibility to fulfil the design targets in section 2.

	Target
	Alt1:

Current architecture
	Alt 2:

RNC in NodeB
	Alt 3:

CRNC in NodeB
	Alt 4:

Iu UP in NodeB

	Standards updates due to new architecture
	N/A
	Minimal
Already supported by the standard. Perhaps allow for more “RNCs”
	Medium
Need to update Iur interface to allow selecting another SRNC than the CRNC of the first cell
	Major
Iub/Iur need to allow control plane/user plane split

	Independent radio interface evolution and support of legacy traffic on the same carrier
	Yes.
No architectural changes.
	Yes.
Evolved RAN architecture will not be visible on the radio interface.
	Yes.
Evolved RAN architecture will not be visible on the radio interface.
	Yes.
Evolved RAN architecture will not be visible on the radio interface.

	Ability to connect to legacy CS and PS CN (Iu) and UTRAN (Iur) without changes in legacy equipment
	High.
No architectural changes.
	Low.
Question on how many Iu and Iur signalling and user plane interfaces is related to node capacity and not within the scope of 3GPP.
	High
Evolved architecture will from this perspective not look different than from the traditional architecture.
	Medium

Question on how many Iu user plane interfaces is related to node capacity and not within the scope of 3GPP.

	Support of  Iu
	Supported.
	Supported.
	Supported.
	Supported

	Support macro-diversity
	High.

The traditional architecture can support macro-diversity.
	Medium

This architecture can support macro-diversity, but the efficiency becomes a deployment question
	High

This architecture can support macro-diversity in a similar manner as the traditional architecture.
	Low

This architecture can support macro-diversity if Iur between Node Bs, but the efficiency becomes a deployment question

	Security outside NodeB 
	High

Security termination outside NodeB site.
	Low

Not possible, but may be acceptable at certain NodeB sites, but not all
	High

Security termination outside NodeB site.
	Low

Not possible, but may be acceptable at certain NodeB sites, but not all

	Latency
	Low

The traditional architecture can provide fast RTT and call setup
	Very Low
This architecture can have little faster call setup and RTT than the traditional architecture. 
	Low
Same as traditional architecture.
	Low
This architecture can have little faster RTT, but same call setup as the traditional architecture.

	RRM support
	Good
Supports multi-cell and single cell RRM
	Fair
Support single cell RRM good. Multi-cell RRM may be supported using Iur but efficiency is an issue
	Fair
Support single cell RRM good. Multi-cell RRM may be supported using Iur but efficiency is an issue
	Good
Supports multi-cell and single cell RRM

	Number of RAN Nodes
	2

2 user plane and control plane nodes
	1 

1 user plane and control plane node
	2
2 control plane and user plane nodes
	2
1 control plane only node and one control and user plane node


From the table it can be seen:
· Alternative 1: The traditional architecture performs overall well in all areas. This architecture will also likely be the one that provides the smoothest upgrade path as the functional split is maintained from Rel6.

· Alternative 2: Shows possibilities to support very low user plane latency, but suffers from concerns on:

· Security termination in remote site. Our assumption is that decreased security can be acceptable at certain sites, but certainly not at all sites. Thus this architecture alternative could exist as a deployment alternative to the traditional architecture but could not be the “only” architecture for HSPA architecture evolution.
· Support for soft handover: Efficient support for soft handover will require that the operator plans his deployment creating a relation between radio network layer and transport layer.
· Alternative 3: Performs overall well in many areas, but not significantly better than the traditional architecture in any area. Further studies are required to analyse if the “gain is worth the pain”, meaning that if this architecture performs significantly better than the traditional architecture in any area to motivate the work on specification updates and product migration.

· Alternative 4: Control plane/user plane split does not seem to be beneficial. Major concerns are the difficulties of a user plane – control plane split of the current RNC model, and the foreseen impact on existing specifications. This alternative also suffers from the same concerns of security termination in Node B as Alternative 2. It should also be noted that support for soft handover in this alternative will require a complex (and challenging) solution, as only parts of the combined data needs to be forwarded to the control plane part of the RNC.
5. Conclusion and Proposal

In this contribution we have listed some key objectives with the HSPA evolution work. We have also analysed the four existing proposals on HSPA architecture evolution. Apart from the traditional architecture, two of these proposals show potential to fulfil all or many of the identified key objectives.

We propose that:

1. There shall be a separation between the radio interface enhancements and any potential HSPA architecture evolution. As a consequence, the existing Iur and Iub interfaces shall be updated in order for the traditional architecture to support the radio interface enhancements within the scope of the HSPA evolution work.

2. Architectures containing a RNC split into a control plane and user plane part (among them Alternative 4 in this contribution) shall be excluded from further analysis due to their technical difficulties, and foreseen major impact on existing specifications and products.

3. Further analysis is devoted to architecture Alternative 2 and Alternative 3, for example in the areas of: standardization impact, performance gains compared to the traditional architecture and migration impact, in order to conclude if the “gain is worth the pain”.
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