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Inter-RAT Measurement Control in GERAN
1 Introduction

There is currently work ongoing within 3GPP to specify the interworking between E-UTRAN and the other existing RATs, such as GERAN and UTRAN. While E-UTRAN is a PS-only system, means to e.g. handover a mobile station in (RR) dedicated mode to an E-UTRAN cell may not be used or implemented. Similarly for packet transfer mode, the preferred RAT would typically depend on the type of service that the mobile station is running.
The same applies towards UTRAN, where it e.g. is preferred to keep speech calls in GERAN compared to performing an inter-RAT handover to UTRAN.
With the introduction of yet another RAT (E-UTRAN) in Release 8, there will be problems for the mobile station to perform neighbouring cell measurements and send the related measurement reports while in GERAN dedicated/packet transfer/dual transfer modes.
This paper discusses and proposes a mechanism to prioritise what cells (i.e. from what RATs) the mobile station shall send measurements reports for and, possibly, perform measurements on.
2 Problem
Since E-UTRAN (LTE) is a PS-only system, it can be assumed that procedures to handover a mobile station in GERAN dedicated mode to E-UTRAN might not necessarily be implemented or used in multimode GERAN/E-UTRAN networks. If such procedures are implemented, voice traffic in E-UTRAN could e.g. be restricted to some frequency layer(s). Considering the limited measurement gaps for the mobile stations to perform measurements when in dedicated mode (as well as in packet transfer and dual transfer modes), it should be avoided that the mobile stations need to be perform E-UTRAN Neighbouring Cell measurements and report those in such cases.

It has, in reference ‎[1], been proposed a mechanism to completely deactivate measurement reports (and possibly measurements) for E-UTRAN neighbour cells when in GERAN dedicated mode. A limitation with that proposal is however that, even though a CS handover from GERAN to E-UTRAN would not be wanted in many cases, when the mobile station enters areas with only E-UTRAN coverage such a handover would still be required. The same would also apply towards UTRAN. Typically, both E-UTRAN and UTRAN would however have higher priority than GERAN for idle mode camping.

For packet transfer mode, the preferred RAT would typically depend on the type of service that the mobile station is running. Services with e.g. higher bandwidth requirements would preferably be moved to E-UTRAN if possible whereas services with lower requirements would preferably be kept in GERAN without the need for an inter-RAT handover/cell reselection.

When the mobile station has an ongoing CS call and/or packet session, i.e. when it is in dedicated mode, dual transfer mode or packet transfer mode, there will be problems for the mobile station to perform measurements for all the different RATs due to the limited measurement gaps available. There are also limitations regarding the number of neighbouring cells that the mobile station can include in the measurements reports to the network. Therefore, even if there are neighbouring cells from several different RATs with good radio quality for the mobile station it might not be able to measure all those cells and/or send reports for all of them to the network. In order for the mobile station to determine what cells (i.e. for what RAT) to include in the measurement reports and possibly to measure on, a prioritisation of the RATs would thus be needed for those modes.
The RAT priorities are settings that are to be broadcasted from the network to the mobile stations in order to inform the mobile station how it shall prioritise the different RATs for camping selection in idle mode. The RAT priorities can possibly also be defined on frequency/frequency group level per RAT. With these RAT priorities an operator can then define the general camping priorities for the mobile stations. Typically, an operator would prioritise that the mobile stations camp within E-UTRAN when they have such capability and coverage. The RAT priorities that are used for camping priorities in idle mode can thus not be used in the dedicated/packet transfer/dual transfer modes cases.

3 Proposal
3.1 General

This paper proposes to introduce means to inform the mobile station what cells (i.e. from what RAT) to prioritise when in dedicated/packet transfer/dual transfer modes. This will allow the mobile station to determine what neighbouring cells to include in the measurement reports and to measure on. It is proposed that these commands can be defined per E-UTRAN carrier (centre frequency) or group thereof so that the network has means to receive reports for selected carriers only. A specific setting, e.g. by not including the priority for a specific RAT/frequency band, would then indicate that the measurement reports and, optionally, the measurements for that RAT/frequency band are completely deactivated, corresponding to the proposal in reference ‎[1]. This would, for example, be used in case CS handover is not supported at all towards E-UTRAN.
It can be noted that the RAT priority settings here proposed for dedicated/packet transfer/dual transfer modes could also be subscriber specific, i.e. corresponding to a subscriber type.

3.2 Dedicated mode

Once the mobile station has entered dedicated mode and the network is aware of the mobile station’s E-UTRAN capability, the network is able to control the mobile station's operation and hence neighbouring cell measurements and reporting from that mobile station.
The network would then provide the mobile station with the (dedicated mode) RAT priority settings, i.e. what cells (from what RAT/frequency band) the mobile station shall prioritise for measurement reporting and measurements. These settings could be sent to the mobile station in ASSIGNMENT COMMAND, FREQUENCY REDEFINITION, MEASUREMENT INFORMATION, EXTENDED MEASUREMENT ORDER and/or HANDOVER COMMAND messages (and corresponding DTM messages for dual transfer mode).
3.3 Packet transfer mode

When in packet transfer mode, the network would provide the mobile station with the RAT priority settings, i.e. what cells (from what RAT/frequency band) the mobile station shall prioritise for measurement reporting and measurements, when in packet transfer mode. These settings can be sent to the mobile station in the PACKET CELL CHANGE ORDER and/or PACKET MEASUREMENT ORDER messages, or in a new downlink control message.
Since the preferred RAT when in packet transfer mode normally would depend on the type of service that is used, new RAT priority settings would then typically be sent by the network due to change of the type of service, e.g. in case a packet flow is added or removed.
When mobile station controlled cell re-selection is used in packet transfer mode (NC0 or NC1), the received RAT priority settings would then also be used by the mobile station to determine towards what RAT (and/or frequency or group of frequencies within those RATs) that the mobile station shall trigger cell reselection to. In other words, the RAT priority settings shall be used by the mobile station in its cell reselection decisions.
RAT priority setting for packet transfer mode could also be broadcasted in the system information sent on (P)BCCH. Those broadcasted RAT priority settings would then be used initially by the mobile station when in packet transfer mode until it receives new (type of service dependent) settings.
3.4 RAT Priority Coding
The following fields could be defined in order to convey the RAT priority settings to the mobile station in dedicated mode (corresponding could be defined for packet transfer and dual transfer modes).
	< Dedicated Mode RAT Priority struct > ::=


{ 0 | 1
< Dedicated Mode Serving Cell Priority Parameters: 




< Dedicated Mode Serving Cell Priority Parameters Description struct >> }


{ 0

-- no 3G priority present, measurement reports towards 3G deactivated


{ 0

-- 3G measurements deactivated


| 1 

-- 3G measurements active }

| 1
< Dedicated Mode 3G Priority Parameters Description :




 < Dedicated Mode 3G Priority Parameters Description  struct >> }


{ 0

-- no E-UTRAN priority present, measurement reports for E-UTRAN deactivated



{ 0

-- E-UTRAN measurements deactivated



| 1 

-- E-UTRAN measurements active }


| 1
< Dedicated Mode E-UTRAN Priority Parameters Description :



< Dedicated Mode E-UTRAN Priority Parameters Description struct >> };


For the E-UTRAN Priority Parameters, it should then be possible to have different settings for different frequency bands (E-UTRAN centre frequencies).
4 Discussion and conclusions

This paper proposes means to inform the mobile station what cells (i.e. from what RAT) to prioritise when in dedicated/packet transfer/dual transfer modes. This will allow the mobile station to determine what neighbouring cells to include in the measurement reports and to measure on. It is then also possible to completely deactivate measurement reports, and optionally even measurements, for a certain RAT/frequency band. The latter is seen as beneficial e.g. in scenarios where mobility from a GERAN cell to an E-UTRAN cell is limited given the PS-only nature of the E-UTRAN network.
With this proposal, the mobility behaviour that is wanted in each mode (dedicated/packet transfer/dual transfer) can thus be achieved, e.g. to avoid handover from GERAN to E-UTRAN or UTRAN during an ongoing speech call or during an ongoing packet transfer (which can be handled within GERAN). There will thus be less unnecessary interruptions and signalling for inter-RAT handover/reselection when in dedicated, dual transfer and packet transfer modes. At the same time, handovers to E-UTRAN and UTRAN are still achieved when needed due to e.g. lost coverage. Meanwhile, it will be possible for the mobile station to measure and report cells for the RATs (e.g. GERAN, UTRAN and E-UTRAN) towards which mobility is actually wanted in that mode.
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