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1 Introduction
In [1] two different deployment / migration scenarios for SAE / LTE is outlined, this contribution is addressing the deployment scenario when the operator that is deploying E-UTRAN have an existing GSM and/or UMTS network. 

One possible network deployment in this scenario is that the operator deploy E-UTRA capable cells in step-by-step manner, e.g. building coverage and capacity initially in cities before deploying it in the country side. Significant amount of cost savings can be achieved by not being forced to deploy nationwide, full indoor and outdoor coverage for E-UTRAN from day one, but instead only deploy E-UTRAN where there is a need from a capacity point of view and where there is a business case for E-UTRAN services.

In order to be able to achieve these cost savings it is required that E-UTRAN supports good inter-working (e.g. seamless and loss-less PS handovers, network controlled mobility) with pre-SAE / LTE networks (UTRAN / GERAN). Having good inter-working with pre-SAE / LTE networks is also beneficial, after the initial rollout of SAE / LTE, for coverage and capacity reasons.

This contribution focuses on how pre-SAE / LTE inter-working can be achieved in SAE/LTE via the Gn interface. UTRAN / E-UTRAN inter-working within the RAN or over the R3 interface is out of the scope of this paper.

2 Overview proposed SAE / LTE and Pre-SAE / LTE inter-working

Figure 1 shows a simplified picture of the proposed architecture for PS inter-working between SAE / LTE and pre-SAE / LTE UTRAN and GERAN networks. The inter-working is achieved by the letting the evolved packet core support the Gn interface towards the 2G and 3G SGSNs. Terminal attaching in the UTRAN or GERAN network (in particular SAE/LTE capable terminals) will attach to the evolved packet core (which acts as a legacy GGSN). The selection of the evolved packet core can be based on information provide by the SAE/LTE terminal as well as other information (e.g. subscription information). Mobility between UTRAN / GERAN and EUTRAN can be achieved without changing anchor node in the evolved packet core network. In this way IP session mobility between UTRAN, GERAN and EUTRAN can be supported without the need for any additional mobility layer (for example MIP) in the terminal and/or network, which could cause extra overhead and delays.
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Figure 1 Proposed SAE/LTE and Pre-SAE / LTE inter-working

3 Solutions for different levels of mobility support

3.1 LTE_IDLE mobility

When the terminal is in LTE_IDLE it is assumed that the terminal will perform cell selection autonomously based on radio conditions as well as other information (e.g. Cell Selection Thresholds, Operator Policies) that is provided to the terminal either via cell broadcast control channels or explicit signalling. When the terminal leaves the current “registration / routing area” it will send a “registration / routing area update” message towards the network in order to update network on the terminals position. The “registration / routing area update” message will trigger the target network node (e.g. SGSN, evolved packet core anchor) to fetch the terminal context from the source network node (e.g. SGSN, evolved packet core anchor). For more details on the procedure see Annex A: Solutions for terminal initiated cell re-selection between SAE / LTE and Pre-SAE / LTE.

In order to avoid excessive signalling for inactive terminals toggling between different Radio Access Technologies (RATs) it would be beneficial to allow “registration / routing areas” to overlap multiple RATs. This requires however, that either one packet core network node incorporate support for multiple RATs (i.e. a combined node) or that new functionality is introduced over the Gn interface between pre-SAE / LTE and SAE / LTE which makes it possible to page a terminal in a different RAT. These solutions are quite complex and should be weighted against the benefits.

3.2 LTE_ACTIVE mobility

In LTE_ACTIVE it is assumed that the network has the possibility to control the terminal mobility. Depending on the service requirements though, different levels of mobility support in LTE_ACTIVE between SAE / LTE and pre-SAE / LTE can be used. It is possible to define different sub-states of LTE_ACTIVE with different levels of control of the UE mobility. E.g. in one sub-state the UE could be allowed to perform cell re-selections and in another sub-state the network would control the terminal mobility. This is similar to the RRC Cell_FACH (UE controlled mobility) and RRC Cell_DCH (Network controlled mobility) states in UTRAN.

If the cell change between SAE / LTE and pre-SAE / LTE takes place during periods of inactivity the terminal might be in a sub-state of LTE_ACTIVE where it is allowed to perform terminal initiated or triggered cell re-selection procedures (see Annex A: Solutions for terminal initiated cell re-selection between SAE / LTE and Pre-SAE / LTE), which does not require any measurement reporting procedures and handover decisions to be performed in the source network, similarly no resource reservation is needed to be performed in the target network. The procedure in that case would look similar to LTE_IDLE mobility. The drawback with terminal initiated procedures is that it always causes some interruption to the end user services. 

If faster cell changes are required (e.g. below 500 ms), it is necessary to support network controlled cell changes (i.e. Hard Handover) which includes the preparation of resources in the target cell (see Annex B: Solutions for PS handover between SAE / LTE and pre-SAE / LTE ). In this case it is required that the terminal perform measurement on neighbouring cells belonging to different RATs. In addition there is a need to exchange RAN related information between the BSC / RNC and E-UTRAN in order to be able to generate a “RRC Handover Command” which will be sent down to the terminal in the source system. The RAN related signalling will be supported via the Gn interface in transparent containers, this is similar to how inter-SGSN hard handover works today. Some minor changes to the Gn interface might probably be needed to support this procedure also for SAE / LTE.

4 Impacts to SAE/LTE architecture in order to support pre-SAE / LTE inter-working

The impacts to support pre-SAE / LTE inter-working with SAE/LTE via the Gn interface will depend on the detailed solution for the SAE / LTE protocol stack. 

It is assumed that some parts of the internal SAE/LTE protocols and architecture can be standardized fairly independent from the pre-SAE / LTE architecture. It is however required that the higher layers of the SAE / LTE protocol stack is compatible with the SM / MM / RRC protocol stack of UTRAN and GERAN, in order to make it possible to perform fast handover between the RATs without the need to perform excessive SM / MM / RRC signalling after the handover, which would cause long interruption times. The whole purpose of the handover is that the network should “convert” the terminal context to the target system so that terminal can go directly to assigned resources in the target cell without the need to perform attach signalling. If this “conversion” is not possible the performance and the complexity of the handover procedure would suffer.

Handover will be supported by following the principle of letting the handover command be transparently tunnelled through the source system. The main requirement for systems supporting pre-SAE / LTE inter-working is that they need to support the Gn interface (including procedures for inter-system cell changes and handover). The complexity of the Gn interface is fairly low (the number of procedures is low).

In conclusion it is estimated that the impacts of supporting Gn mobility between pre-SAE / LTE and SAE / LTE in the B1 architecture is relatively low assuming the higher layers of the SAE / LTE terminal protocol stack is compatible with the existing 3GPP protocol stack (e.g. SM / MM).

5 Summary

By supporting good inter-working for PS services between SAE / LTE and pre-SAE / LTE networks it is possible to deploy E-UTRAN in a step-by-step manner where it is needed for capacity reasons and where there is a business case for E-UTRAN services. Good SAE/LTE and pre-SAE / LTE inter-working can be achieved by supporting the Gn interface between the 2G/3G-SGSNs and the evolved packet core as outlined in this contribution.

It is proposed to add the high-level signalling flows in Annex A and B, for the terminal and network initiated cell change between SAE / LTE and pre-SAE / LTE, to section 7.x.2.2 of the SAE TR [2] (as proposed in [3]).
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Annex A: Solutions for terminal initiated cell re-selection between SAE / LTE and Pre-SAE / LTE

The procedure for terminal initiated cell re-selection between the proposed SAE / LTE architecture and pre-SAE / LTE architecture is similar to the procedures for inter-SGSN inter-system change that is defined in 3GPP TS 23.060. 
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Figure 2 Draft procedure for SAE / LTE to pre-SAE / LTE cell re-selection

In the E-UTRAN to UTRAN / GERAN case the UE/MS sends a Routing Area Update Request to the new SGSN, the  SGSN fetches the UE/MS context from the evolved packet core via the Gn interface, if needed the evolved packet core can fetch additional UE/MS related information from E-UTRAN. After fetching the UE/MS related information from the source system the SGSN respond to the Routing Area Updated Request and initiates PFC procedures. The procedure is illustrated in Figure 2.
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Figure 3 Draft procedure for GERAN to EUTRAN cell re-selection
In the UTRAN / GERAN to EUTRAN case the UE/MS performs “Connection Setup Signalling” towards the target E-UTRAN and evolved packet core, during this signalling, addressing information is provided from the UE/MS to the evolved packet core which makes it possible for the evolved packet core to fetch the old UE/MS context in the SGSN. The exact details of the SAE/LTE signalling are FFS, however a sketch of the basic principles are provide in Figure 3.

Annex B: Solutions for PS handover between SAE / LTE and pre-SAE / LTE networks

Network controlled PS handover can be supported in a similar way as inter-system PS handover between GERAN and UTRAN standardized in 3GPP Rel-6. The handover is initiated by the source system based on measurements or other information (e.g. packet cell change notification) provided by the terminal. The source system sends a “handover request” message to the target system over the Gn interface, the target system reserves resources and creates a “handover command” that is transparently tunnelled to the terminal via the source system in the “handover response” message. The procedure is illustrated in Figure 4 and Figure 5.
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Figure 4 PS Handover from GERAN/UTRAN to EUTRAN (Example)
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Figure 5 PS Handover from EUTRAN to UTRAN/GERAN (Example)
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