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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. 
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 compares the two solutions that have been presented at GERAN#39 meeting in [1] and [2] and provides further clarifications to the solution based on the proposal in [2].
2 Discussion and comparison

The two proposals in [1], [2] have the following aspects regarding measuring/reporting of neighbouring cells located in a different RAT in common:

· The network orders, on (P)BCCH, mobile stations’ camping behaviour in idle mode
· When the mobile station is in dedicated, DTM or packet transfer mode, the network may control mobile station’s behaviour regarding the measurements and the reporting of these measurements for explicitly specified RATs/Frequencies using dedicated signalling
However, the solution outlined in [2] provides additional features through which the mobile station, based on its specific RAT priority settings, is capable of autonomously enabling the measurement as well as reporting of neighbouring cells located in different RATs/frequencies when:

· The mobile station is in dedicated, DTM or packet transfer in the GERAN network and the radio coverage quality of the currently serving  GERAN network falls below a certain threshold value that has been provided by the network or defined in the specification
· The mobile station, that is in packet transfer mode in the GERAN network, can be better served in another RAT

Given that LTE is a highly optimized system for PS traffic the second bullet is relevant for mobile stations in packet transfer mode that are capable of E-UTRAN (LTE) as it can be assumed that E-UTRAN will be the preferred RAT.
Now we want to exemplify the usefulness of these features on use cases.

I. A mobile station in dedicated, DTM or packet transfer mode starts to leave the GERAN radio coverage. The network previously ordered the mobile station to disable measuring/reporting of neighbouring E-UTRAN cells.
Result: 

· Solution [1]: As measuring/reporting of neighbouring cells is disabled the sessions in both modes will be dropped.
· Solution [2]: Once the quality of the serving GERAN network falls below the threshold value provided by the network, the mobile station autonomously begins to measure/report a possible neighbouring E-UTRAN cell. Either a cell re-selection or network controlled handover will be performed, i.e. the sessions will continue. 

The use case described in use case (I) is obviously essential for a mobile station in packet transfer, DTM or dedicated mode. A solution based on [1] applied to a network configuration where there is not 100% coverage overlap between GERAN and for example E-UTRAN will result in increased number of dropped sessions and thus poor end-user service perception.
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Fig.1 Principle of the coverage based solution based on [2] for a mobile station in dedicated/DTM/packet transfer mode
Figure 1 above shows the principle of a solution based on the proposal in [2]. A mobile station in dedicated/DTM/packet transfer mode has moved from the area 1 into area 2 where the radio quality of the GERAN network fell below a defined threshold value, which is designated in figure 1 as M(easurement)-Threshold. This triggers the mobile station to autonomously start to measure its prioritized RATs according to defined measurement frequencies. It is proposed that the measurement frequencies are related to the RAT priorities, i.e. the mobile station attempts to measure the higher priority RAT more often than the lower priority RAT. Reporting shall be performed following the legacy rules. RAT re-selection/Handover takes place once the radio quality of the alternative RAT reaches a defined threshold value, designated in figure 1 and the following figures as the R(eselection)-Threshold.
Obviously applying solution outlined in [1] enhanced by the additional features proposed in [2] will in this particular use case result in either cell a re-selection or network controlled handover to a neighbouring cell located in a different RAT and therefore in a session continuity. For the dedicated or DTM mode scenario a handover to E-UTRAN will become essential once specific network configuration deployments will become of operator’s interest.
II. An LTE capable mobile station in packet transfer mode is served by a GERAN network, where the same geographical area is served by an E-UTRAN network. 
Result: 

· Solution [1]: The network previously ordered the mobile station to disable measuring/reporting of neighbouring E-UTRAN cells. As measuring/reporting of neighbouring cells is disabled the mobile station will remain under GERAN coverage and thus the packet session will not be moved to the E-UTRAN cell, i.e. preferred RAT.
· Solution [2]: The mobile station will perform regular measurements of the prioritized RATs according to the priorities and with the frequency provided by the network. Once a preferred RAT, in this case an E-UTRAN cell, has been measured either a cell re-selection or handover to the preferred RAT will be executed.
The desired behaviour in the 2nd use case would be for a mobile station to enable mobility to E-UTRAN that is potentially the preferred RAT for PS services, once it is in packet transfer mode served by a GERAN cell. This can be achieved by enabling periodical measuring and reporting of E-UTRAN neighbouring cells using dedicated signalling.
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Figure 2 Principle of preferred RAT solution based [2], mobile station in packet transfer mode, two RAT scenario
Figure 2 shows solution based on the proposal [2] applied on the 2nd use case. A mobile station in packet transfer mode is located in the area 1 where it is served by GERAN network. As E-UTRAN (priority 1)/UTRAN (priority 2) are considered to be better alternatives for the packet service, it performs measurements to discover these RAT(s) according to defined frequencies. The choice of the frequencies shall be such that the impact on the ongoing packet service is acceptable. The reporting in area 1 follows the legacy rules. In the scenario depicted in figure 1 only one alternative RAT –E-UTRAN- is discovered. Once the measured radio quality of one of the higher priority RAT reaches a defined value, R-Threshold, the mobile station shall include the measurement in the reports even if it is not among the strongest six neighbours and thus the legacy reporting rules won’t be longer followed. In the figure 2 the E-UTRAN radio quality hits the threshold value and thus RAT re-selection/Handover to E-UTRAN will potentially take place. To improve the measurement accuracy of the priority RAT (E-UTRAN in figure 2), the measurement frequency can be increased once the threshold (R-Threshold) is passed.
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Fig. 3 Principle of preferred RAT solution based on [2], mobile station in packet transfer mode, three RAT scenario
Figure 3 shows solution based on the proposal [2] applied on the 2nd use case. A mobile station in packet transfer mode is located in the area 1 where it is served by GERAN network. As E-UTRAN (priority 1)/UTRAN (priority 2) are considered to be better alternatives for the packet service, mobile station  performs measurements of these RAT(s) according to defined frequencies. The choice of the frequencies shall be such that the impact on the ongoing packet service is acceptable. It is proposed that the measurement frequencies are related to the RAT priorities, i.e. high priority RAT is measured more often. In are 1the reporting follows the legacy rules. In the scenario depicted in figure 3 two alternative, higher priority RATs –E-UTRAN and UTRAN- are measured. Once the measured radio quality of one of the higher priority RATs reaches a defined value, R-Threshold, the mobile station shall include the measurements in the reports even if it is not among the strongest six neighbours and thus the legacy reporting rules won’t be longer followed. In the figure 3 the E-UTRAN radio quality hits the threshold value first and thus RAT re-selection/Handover to E-UTRAN will potentially take place. To improve the measurement accuracy of the priority RAT (E-UTRAN in figure 3), the measurement frequency can be increased once the threshold (R-Threshold) is passed.
The 2nd use case is essential for mobile stations in packet transfer mode in conjunction with any stepwise or spotty LTE deployment. It can be anticipated that such deployments will be dominating introduction of LTE for a long time to come. It follows the principle to be served by the preferred RAT.
The comparisons above are in the same manner applicable for interworking with UTRAN or any other RAT.
3 Proposal
To control the mobile stations’ behaviour regarding the measuring and reporting of neighbouring non-GERAN RAT(s)/frequencies using dedicated signalling requires modification to the following messages when in dedicated mode: ASSIGNMENT COMMAND, FREQUENCY REDEFINITION, MEASUREMENT INFORMATION, EXTENDED MEASUREMENT ORDER and/or HANDOVER COMMAND (and corresponding DTM messages for dual transfer mode).
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.
These impacts are common to what is proposed in [1] and [2].

The enhancements based on [2] necessary to cover for the use cases discussed in section 2 are under WG1 responsibility. These enhancements are the definition of the threshold values that shall be utilized by the mobile stations to enable autonomous measuring/reporting of the neighbouring non-GERAN cells as well as the definition of the parameters to apply when performing periodical measurements of the prioritized RAT(s) when in packet transfer mode under GERAN radio coverage or alternatively when leaving the GERAN radio coverage while in dedicated/DTM/packet transfer mode.
4 Discussion and conclusions

This paper discusses and compares solutions proposed for inter-RAT measurement control in GERAN#39. It has been shown that the solution proposed in [1] is not complete and that the enhancements based on the proposal in [2] are needed in order to provide a flexible, future proof solution. Given the fact that the proposal in [1] can be considered as a subset of [2] it is herewith suggested that the solution outlined in this contribution that is based on [2] will be endorsed by GERAN WG2. In case that this is agreeable CRs will be provided to GERAN#40. 
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