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1. Introduction

To support handover from E-UTRAN to GERAN, handover related measurements should be taken on GERAN neighbour cells. Gap assisted measurements need to be performed since GERAN and E-UTRAN cells are deployed on different frequencies. In this contribution, the configuration and scheduling of the measurement gap is discussed. The goal is to provide sufficient measurement opportunity for GERAN neighbor cells with minimal interruption of UE reception on serving E-UTRAN.
2. Types of Measurement Gaps

Measurement gaps are the interval of time that UE is not able to receive data from the network. Hence, measurement gaps should be controlled and scheduled by the network. Since measurement gaps lead to reduction of user throughput, for given measurement report quantity, measurement gaps should be minimized to alleviate the interruption of UE reception of E-UTRAN service.

Measuring GERAN neighbor cells from E-UTRAN involves discovering (initial BSIC identification) and confirming (BSIC re-confirmation) a neighbor cell, and taking GSM carrier RSSI measurements on subsequent time slots. Three types of measurement gaps can be provided to mobile: “GSM initial BSIC identification”, “GSM BSIC re-confirmation”, and “GSM carrier RSSI measurements”.
Initial BSIC identification is performed on the BCCH carrier. Figure 1 shows the multiframe structure on timeslot 0 of the BCCH carrier.
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Figure 1: GSM multiframe structure on BCCH
FCCH are in the time slot 0 of the frames 0, 10, 20, … and SCH are in the time slot 0 of the frames 1, 11, 21, ... Though it can be split into small pieces and distributed over times (as in UTRAN), a total measurement gap as large as 56 subframes (56 ms) is needed for 12 GSM frame (=720ms/13 ms) to acquire a GSM cell’s FCCH and SCH. Various TGL (transmission gap length) and TGD (transmission gap duration) in measurement gap patterns [1] provide tradeoff between the interruption time of UE reception of serving cell and the average time taken to acquire a GSM cell.
BSIC re-confirmation can be performed similarly to initial BSIC identification effectively with a large measurement gap, distributed in small pieces over time. However, the capability of tracking timing of neighbor cell can be used to significantly reduce the needed gap width for BSIC re-confirmation. After UE discovers/acquires a candidate cell, the timing offset between the serving and candidate cells can be used to determine where a measurement gap should be for subsequent measurements. Hence measurement gaps much tighter than those needed for initial cell discovery can be used for BSIC re-confirmation. For example, the BSIC re-confirmation measurement can be accomplished in as little as a few subframes (a few ms) with an appropriate gap starting point. Therefore, if it is configured and scheduled properly, a common measurement gap pattern can be used for both BSIC re-confirmation and GSM RSSI measurement.

3. Configuration of Measurement Gaps
Figure 2 shows a generic measurement gap pattern (MGP) with the following parameters 

· gap starting point,

· gap width, and

· gap separation interval.

As the sub-frame is the minimum scheduling unit in E-UTRAN, these parameters can be defined using sub-frame number. Configuration of measurement gaps can then be achieved by defining appropriate values for these pattern parameters.
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Figure 2: Parameters related to measurement gap pattern (MGP)
The difference in the frame structures between E-UTRAN and GERAN leads to the change in the relative position of E-UTRAN subframes and time slots/frames of GERAN. If periodic GERAN measurement (with a fixed gap separation interval) is defined using the E-UTRAN sub-frame structure, the gap pattern will not keep up with GERAN SCH and a series of gaps are needed to effectively form a large gap to capture SCH. However, if periodic GERAN measurement is defined using the GERAN frame/slot structure, and gap starting point, width, and separation interval are derived accordingly for each instance of measurement at both the network and UE, then the gap pattern can be configured and scheduled so that SCH will fall into some known measurement gaps.
4. Signaling of time difference between E-UTRAN and GERAN
E-UTRAN cell needs to know the timing of GSM cell before an appropriate measurement gap pattern can be configured and scheduled for both BSIC re-confirmation and GSM RSSI measurement. This can be achieved with UE reporting the time difference between E-UTRAN and GERAN cells. After a GSM cell is acquired (initial BSIC identification), the time offset in the frame structures between the GERAN candidate cell and the serving E-UTRAN cell can be signaled to the network in form of a time offset between the starts of a E-UTRAN frame and a 51-Multiframe as shown in Figure 3. Hence the time offset lets the network know which sub-frames GSM SCH bursts will fall into and allows an appropriate gap pattern to be configured and scheduled to accomplish both BSIC re-confirmation and GSM RSSI measurement.
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Figure 3: Signaling of time offset between E-UTRAN and GERAN cells.
5. Combination of multiple measurement gaps and DRX cycles
As discussed above, measurement gaps with different configurations (starting point, width, and separation interval) can be scheduled for different measurement purposes. However, it is possible for a network to schedule a composite measurement gap for multiple neighbor cells/measurement purposes, too. For example, if SCHs of two neighboring cells are separated only by a small interval of time (which, however, is sufficient for UE to tune in from one cell to another), network can choose to schedule a composite measurement gap and instruct UE to take “BSIC re-confirmation” measurement for both of these two cell.
Discontinuous reception (DRX) can be operated to save UE battery for certain service type or when there are light downlink data activities in general. DRX cycle can also be used for inter-frequency/RAT measurements. DRX cycle can be co-located with measurement gap instances. UE can also use DRX cycle as an extension to measurement gaps for autonomous measurements.      
6. Conclusion
The configuration and scheduling of inter-RAT measurement gaps were discussed in this contribution. Based on the above analysis, we propose that:

· Measurement gap should be controlled and scheduled by network with UE indication;

· Measurement gap pattern should be configured by network using parameters of gap starting point, gap width, and gap separation interval;
· Measurement gap should be configured for target measurement based on underline frame structure;

· A measurement gap sequence can be shared by different measurement purposes;

· The timing offset between the serving and candidate cells should be taken into account to configure and schedule measurement gaps;
· The scheduling of measurement gaps should be based on GERAN frame structure, and the configuration of measurement gap for a particular measurement instance can be derived accordingly at both network and UE.
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8.
Text proposal for RAN2 Technical Specifications 36.300
This section provides text proposal for RAN2 TS 36.300 [2].
10.2.3.1
Inter-RAT handovers from E-UTRAN

Measurements to be performed by a UE for inter-RAT mobility can be controlled by E-UTRAN, using broadcast or dedicated control. In RRC_CONNECTED state, a UE shall follow the measurement parameters specified by RRC or MAC commands (FFS) directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT_CONTROL).

UE performs inter-RAT neighbour cell measurements during DL/UL idle periods that are provided by the network through suitable DRX/DTX period or packet scheduling if necessary.
Measurement gap shall be controlled and scheduled by the network using RRC measurement control message.  UE can provide the network with time-offset indication between the serving and candidate cell. Different measurement gaps can be scheduled for different measurement purposes and UE capabilities. The scheduling of measurement gaps shall be based on the candidate RAT’s frame structure.

A measurement gap shall be configured at both the network and UE using the parameters of gap starting point, gap width, and gap separation interval as shown in figure 10.2.3.1 - 1. The configuration of a measurement gap for a particular measurement instance shall be derived at both the network and UE based on the measurement gap scheduling, timing offset between the serving and candidate cells, and the underline frame structure of the candidate RAT.
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Figure 10.2.3.1 - 1: Measurement Gap Pattern
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