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1. Introduction

In order for a “new” system to be cost competitive and broadly accepted, it is very important to consider also what an operator will have on the market as already installed base when deploying the new system. These aspects are often called migration issues.

3GPP has already acknowledged that migration scenarios should be taking into consideration in the system design [RP-05-0197]. This contribution is an attempt to take a top down approach on the migration subject and identify requirements and issues that derive from that. Text proposals are provided to [23.882] and [25.913].

It should be noted that although the 3GPP terminology is not yet 100% clear, we denote in this contribution SAE/LTE any system that will arise from the SAE/LTE study items. This definition is done for the sake of discussion, but does not necessarily mean that the SAE/LTE system should be seen as a “separate” or “new” system but rather as an evolution of the current specifications.

2. Discussion

2.1 What is meant with migration?

Ultimately, migration is about profitability, meaning the ability for an operator to maintain profit while introducing new technologies that will allow him to win new business.

This can be achieved in many ways, in where are few examples are:

1. The ability for operators to deploy the new system in existing (and already paid for) spectrum.

2. The ability for operators to reuse sites, site equipment and transmission investments.

3. The ability for operators to maintain current end users by a smooth phase-in and smooth phase-out of services. Service continuity between systems are of high importance.

4. The ability for operators to only deploy the new technology in areas where it is profitable and rely on existing systems for coverage and to some extent capacity.

5. The ability for operators to smoothly (or in a scalable way) introduce new network equipment and software in order to avoid heavy CAPEX investments.

6. The ability for operators to minimize his OPEX, by permitting a reuse of his existing staff for network build-out, optimization and operations, with minimal training on new system features and O&M.

7. The ability for vendors to reuse investments in development, in order to allow for cost competitive and stable equipment with faster time to market.

It is important to note that the examples above should not be seen as requirements standing in opposition to the many other requirements that focuses on providing new and better functionality (examples are requirements on throughputs, latency reductions, spectral efficiency etc.) Such requirements are targeting either new business possibilities, or ensuring competiveness towards other non-3GPP technologies/systems also in the future. The objective of migration is to fulfill such requirements in the most smooth and cost effective manor.

As a conclusion, migration is about making smooth step-wise changes in order to maintain the operators existing business at healthy levels while introducing a new system allowing for the operator to win more business.

2.2 Deployment Scenarios

As migration is about how to smoothly go from where we are today to where we want to be tomorrow, we need to understand in what environment an SAE/LTE system will be deployed. We have chosen to study two scenarios: “Greenfield”, and “UTRAN and/or GERAN upgrade”. We would like to point out that the intention is not to say that these scenarios covers all possible situations, but we believe that the majority of today’s and tomorrows operators can recognize themselves partly or fully in these scenarios.

2.2.1 Greenfield scenario

In the greenfield scenario we assume an operator that is deploying a SAE/LTE network from scratch, i.e. the operator does not have any previous network in the area. This scenario would be applicable mostly to new operators that just have been awarded spectrum and have not deployed any previous GERAN/UTRAN system.

Little consideration needs to be done about compatibility towards older already deployed equipment. Obviously, this scenario will not put high requirements on inter-working, but it could be questioned how large portion of the deployments that will correspond to this scenario. Experience from 3G deployment shows that most 2G operators were awarded with new 3G spectrum, and in the few times this did not happen, operators secured coverage through roaming agreements or by creating strategic co-operations/alliances to avoid or share the costs for a Greenfield deployment.


[image: image1.wmf] 

No coverage

 

GERAN coverage

 

UTRAN coverage

 

LTE coverage

 


Figure 1: Illustrative deployment in greenfield scenario.

From Figure 1 we do the following observations:

· Coverage will be “spotty”. Thus in order to offer service continuity this operator would like to:

· Rely on regulatory solutions, i.e. national roaming with other operators.

· Have an aggressive deployment with a fast build up of coverage. The ability to provide coverage is of very high importance.

· Rely on hot-zone type deployment and accept the fact that the customer will not receive full indoor or outdoor coverage and mobility. 

· As this operator likely is creating his customer base at the same time as he is deploying his network, scalability of costs are important. With this we mean that it would be good if SAE/LTE can be introduced in a phased approach in where costs are generated phased rather than as a one time shot. 

2.2.2 UTRAN and/or GERAN upgrade scenario

In the UTRAN and/or GERAN upgrade scenario we assume an operator that is deploying a SAE/LTE network in parallel to an already deployed UTRAN and/or GERAN network. It is important to notice that with GERAN/UTRAN network we include all levels of maturity, as some operators will in for example the UTRAN case likely have a full-blown HSDPA with good coverage, and others will still have networks based on Rel-99.

In this scenario it is reasonable to believe that the operator would like to maximise the reuse of already done investments (for example in spectrum, site solutions, equipment etc). We also believe that an operator would like to maintain his current customer base by offering service continuity between the systems, and smoothly phase in / phase out services, as independent as possible of which access network that is in use.
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Figure 2: Illustrative deployment in UTRAN upgrade scenario
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Figure 3: Illustrative deployment in GERAN upgrade scenario
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Figure 4: Illustrative deployment in GERAN/UTRAN upgrade scenario

From Figure 2 and Figure 4 we do the following observations:

· To provide service continuity and mobility between systems are of utmost importance. This means that it is required to have efficient inter system handover / mobility mechanisms. Existing intra-RAT and inter-RAT mechanism for mobility should be re-used.

· As we can not assume that all operators have full scale HSDPA/Enhanced-UL networks, the mobility mechanisms must work efficiently between LTE radio interface and both Rel-99 and Rel-6/7 radio interfaces.

· The most likely scenario is that EUTRAN will initially be deployed in areas where the operator is already having UTRAN coverage, as mobile networks are normally initially deployed in dense populated areas.

· Due to the fact that EUTRAN might be able to offer competitive access compared to other technologies (e.g. DSL, cable modem etc), it is possible that operators might want to deploy EUTRAN in areas where there are previously no UTRAN coverage. In this situation the same conclusions as in the Greenfield scenario will apply.

In addition to the conclusions we draw in the UTRAN only upgrade scenario, we do the following observations in the case the operator has an existing GERAN network (Figure 3 and Figure 4):

· It is not unreasonable to believe that EUTRAN will be deployed in areas where there is GERAN but no UTRAN coverage. This means that service continuity (and consequently mobility) will have to be supported not only EUTRAN to/from UTRAN but also EUTRAN to/from GERAN as well.

A special note is worth to mention regarding GERAN and EUTRAN mobility. Considering the narrowband options of the LTE radio interface, some operators might choose to deploy LTE as a complement (and in the long term) replacement to 2G. If mobility between EUTRAN and GERAN in that case is not supported, an operator with coverage as in Figure 3 would need to do heavy 3G investments before being able to deploy EUTRAN.

2.3 Additional System Design Aspects

The discussion in section 2.2 is focused on how an operator can provide service continuity, in new and existing spectrum in order for the operator to maintain and secure his existing customer base. From section 2.1 though, we know that the ultimate objective with migration is about operator profitability. Operator profitability can also be reached by cost reductions (in investments for network deployment and operations) or by retaining or expanding the existing customer base and average revenue per user.

That leads us to some additional system design aspects that should not be forgotten.

2.3.1 Reusability and Costs

In general it is very difficult to say how specific 3GPP requirements and solutions are affecting the development / testing / deployment and operational costs, but we would like to note the following:

Site reusability and cost: The ability to reuse the existing physical site location, civil work, antenna towers etc is normally very beneficial for an operator. Although very important, the possibility to provide such reusability, are platform and site solution specific. For that reason it is not feasible to define 3GPP requirements as it is outside the scope of the 3GPP work. It should be noted however, that site reusability will depend on the footprint and equipment re-usability of LTE as well as radio performance aspects (e.g. coverage), which might be a result of standardization decisions.

Equipment reusability and cost: In a similar manner, the ability to reuse existing 2G/3G equipment, power supply, climate control etc is mainly platform dependent, and as a consequence up to each vendor and mainly outside the scope of the 3GPP work, with one exception:

The cost of the equipment and the time to develop new technology is partly depending on each vendors development efforts. Definition of new functionality in 3GPP will always generate additional development efforts. But by maintaining one development and standardization track for LTE an UTRAN, where already existing functionality is re-used where possible, it is expected that the initial system and handset development costs would be lower and that the systems and handsets could be provided with a shorter time to market. And a common development and standardization track for LTE and UTRAN would also be beneficial in reducing development costs for future releases of LTE and UTRAN. Furthermore, if not jeopardizing the performance of LTE, the reuse of existing specifications and functionality will allow for a more streamlined development as the baseline has already been specified, implemented and tested once. And if changes are introduced in order to increase the performance, it would be beneficial to have these changes apply to UTRAN as well, within the same development effort.
From the comment above we think it is fair to conclude that in the same manner as we have requirements on complexity reductions (in order to reduce development costs) we should introduce requirements in where 3GPP strive to reuse existing protocol stacks and interfaces. This under the condition that the reuse of functionality and complexity reductions does not jeopardize the EUTRAN ability to reach the defined performance requirements.

Operational Expenses: Operational expenses are the expenses an operator is having for the operations of the network, for example: testing, deployment, optimization and maintenance. In the same manner as for the development costs it is difficult to give exact rules, but the following is worth mentioning:

· The introduction of EUTRAN will in most cases be done in parallel to existing networks (2G and/or 3G). In order to reach cost efficiency, operators will many times use the same operational staff to run/operate several networks in parallel.

· Complexity and complicated solutions are not only an implementation hassle for the vendor. It is also an issue in the operator operations department, as the operator’s staff needs training, solutions need to be tested, and the network needs to be optimized.

From a specification perspective, we believe that the observations above points in the direction that if 3GPP can reuse solutions in 2G/3G for EUTRAN, such solutions should be preferred compared to developing new.

3. Conclusion and Proposal

In this contribution we have pointed out that the main objective of migration is to maintain operator profitability in order to maintain a healthy business while making investments in a new network deployment. We have further identified that the operator profitability is impacted by the costs (for network deployment and operations) as well as the operators ability to maintain his existing customer base and average revenue per user.

Given the likely deployment scenario for LTE system it is concluded that it is very important to have good inter-working between LTE and existing UTRAN and GERAN systems in order for the operator to be able to:

· Smoothly deploy the new system in existing (and already paid for) spectrum.

· Maintain current end users by a smooth phase-in and smooth phase-out of services.

· Only deploy the new technology in areas where it is profitable and rely on existing systems for coverage and to some extent capacity.

· Smoothly (or in a scalable way) introduce new network equipment and software in order to avoid heavy CAPEX investments.

· Be able to benefit from a single development and standardization track for LTE and UTRAN while also benefiting from the new technologies/solutions introduced for LTE.

Although 3GPP is a technical organization, we have above identified several areas in where 3GPP decisions will give heavy impact on the ability for a LTE system to be cost competitive compared to other technologies. As long as the new system fulfils the defined performance requirements, the reuse of existing specifications and solutions in 3GPP are beneficial from a development cost and time to market perspective.

Proposal:

We propose that:

· The text proposal in Appendix A is included in [23.882] (TSG SA)

· An accompanying CR for [TR 25.913] is attached to this contribution. (TSG RAN)
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5
Requirements on the Architecture

[Editors Note: This clause identifies the major requirements on the architecture that guide the architecture evolution.]

High-level principles

· 3GPP and non 3GPP access systems shall be supported.

· Shall provide scalable system architecture and solutions without compromising the system capacity, e.g. by separating the control plane and the transport plane.

· Interworking with release 6 3GPP systems (i.e. 3GPP-PS core, 3GPP-IP access and IMS) shall be supported

· The C plane response time for the IP-CAN shall be such that (excluding DRX times) the mobile can move from a fully idle state (this is an idle state where the mobile is GMM attached, has an IP address allocated and is IMS registered) to one where it is sending and receiving user plane data in a significantly reduced time. The target time is less than 200 ms;
-
The Evolved 3GPP System shall support SMS and equivalent functionality to that provided by the MSC’s “SMS message waiting flag”. Note: this might be provided by the R’7 WID for “support of SMS and MMS over generic 3GPP IP access”.

· The Evolved 3GPP System shall support basic IP configuration for terminals that do not have IP connectivity.
· The functional split will be defined to sufficient level of detail to avoid overlapping/duplicated functionality, signalling and related delays.
-
The basic IP connectivity in the evolved architecture is established during the initial access phase of the UE to the network.

-
For the set-up of IP connectivity with enhanced QoS, the number of signalling transactions shall be minimised.

Migration Aspects:
· The SAE work shall target a smooth migration in order to allow for operators to gradually introduce SAE with minimum impact on existing business.
· 3GPP shall strive to define a single standardization track for LTE and evolutions of UTRAN, with maximum commonalities between the two modes.
· 3GPP shall target a phased introduction of SAE in where an operator can choose to introduce some features at one stage and a “full-blown” SAE later.

· 3GPP shall strive to reuse existing protocols, interfaces and solutions to as far extent as possible. This in order to ensure a cost efficient development and smooth migration from todays standards.

· If several solutions to the same problem exist with similar performance, 3GPP shall prefer the solution that better overlap with existing 2G/3G specifications, in order to minimize development, testing, deployment and operations effort.
· 3GPP shall define mobility mechanisms between:

· EUTRAN to and from UTRAN Rel99

· EUTRAN to and from UTRAN HSDPA/Enh-UL

· EUTRAN to and from GERAN

· Mobility mechanisms shall provide seam less performance, meaning that the end user shall not notice a service degradation due to mobility, but only due to different characteristics and limitations of the change of access technology.

· It shall be possible to do roaming SAE to/from 2G/3G

 [Editor’s note: Initial list to be completed]
6
Scenarios and Solutions

[Editors Note: This clause identifies potential scenarios based on drivers such as social and new emerging technologies that have an impact on the existing reference architecture. The identified scenarios are used to explore the architecture options and as a base for identifying the key architectural issues. The scenarios may be based on the outcome from AIPN in SA1 and the TSG-RAN’s Study Item on Radio Evolution (see SP-040915). The scenarios should identify how migration and/or evolution from current systems occur.]

6.1

Deployment Scenarios

SAE shall support the following deployment scenarios:

· Greenfield deployment scenario: In this scenario the operator is deploying the SAE system with no previous network deployed in the area.
· UTRAN and/or GERAN Upgrade scenario: In this scenario it is assumed that the operator is having either a UTRAN and/or a GERAN network deployed in the same geographical area. It is assumed that the GERAN and UTRAN networks respectively can have differently levels of maturity (i.e. different releases of the 3GPP specifications, with different optional features implemented, can be deployed in the same geographical area.

The deployment scenarios are further described in [TR 25.913].
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