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1. Introduction

To support inter-frequency and inter-RAT mobility in E-UTRAN, handover related measurements should be taken on neighbour cells of candidate frequency layers/RATs. It is generally agreed that gap assisted measurements should be performed on inter-frequency/RAT neighboring cells. In this contribution, the configuration and scheduling of the measurement gap is discussed. The goal is to provide sufficient measurement opportunity for inter-frequency/RAT neighboring cells with minimal interruption of UE reception on serving E-UTRAN.
2. Configuration of Measurement Gaps
As shown in figure 1, a generic measurement gap pattern (MGP) can be described 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 1: Parameters related to measurement gap pattern (MGP)
Different RATs have different frame structures and numerologies. E-UTRAN measurements of RSRP should be done on downlink reference symbols of candidate carriers. Figure 2 shows the E-UTRAN reference symbols available for measurement purpose. In the first and sixth subframes (subframe 0 and 5), all reference symbols within the center 1.25MHz bandwidth can be used for measurements with P/S-SCH being received in the same shot.
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Figure 2: RS symbol provisioning for measurement purpose
Correspondingly, identification of GERAN cells is performed on the BCCH carrier. Figure 3 shows the multiframe structure on timeslot 0 of the BCCH carrier.
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Figure 3: GSM multiframe structure on BCCH 
FCCH are in the time slot 0 of the frames 1, 11, 21, … and SCH are in the time slot 0 of the frames 2, 12, 22, ... To minimize the interruption of UE reception on E-UTRAN, measurement gaps should be configured differently for these two RATs. For example, in order to discover a neighboring cell (to identify its cell code) in one shot, a measurement gap of 6 subframes (= 6 ms) is needed for inter-frequency E-UTRAN to acquire its SCH; while a much larger measurement gap of 56 subframes (56 ms) would be needed for 12 GSM frame (=720ms/13 ms) to acquire its FCCH and SCH.
3. Scheduling 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.
In addition to the frame structure and numerology, as discussed above, several other factors also play important roles in determining how many measurement gaps are needed for inter-frequency/RAT measurements. Measurement period and the required number of samples obviously impact the choice of gap configuration and scheduling. The frequency with which the identity of a neighboring cell needs to be verified (through SCH) together with measurement results can also affect the choice of gap width and gap separation interval. 
The capability of tracking timing of neighboring cell can be used to significantly reduce the gap width for certain measurements. The inter-frequency/RAT measurements involve discovering a neighboring cell and taking measurements on certain time slots. After UE discovers/acquires a candidate cell, the timing offset between the serving and candidate cells can be used to determine a much tighter measurement gap for subsequent measurements than those needed for initial cell discovery. For example, a GSM “BSIC re-confirmation” measurement can be accomplished in as little as 1 subframe (1 ms) with an appropriate gap starting point. In inter-frequency E-UTRAN measurements, relative position does not change significantly between periodic measurement gaps and P/S-SCH frames of candidate cell. Without the help of timing offset between the serving and candidate cells, a measurement gap of 6 subframes (6 ms) is needed for cell identity re-confirmation measurement. The required measurement gap, however, can be reduced to only 2 subframes (2 ms) with proper gap starting points and separation intervals. 

The difference in the frame structures between E-UTRAN and the candidate RAT leads to the change in the relative position of E-UTRAN subframes and time slots/frames of the candidate RAT. If periodic inter-RAT measurement (with a fixed gap separation interval) is defined using the E-UTRAN (sub)frame structure, the gap width needs to be configured for the worst case. Take GSM “BSIC re-confirmation” measurement as an example, a gap of 2 subframes (2 ms) need to be provisioned for the worse-case that the GSM SCH slot saddles on the E-UTRAN subframe boundaries. However, if periodic inter-RAT measurement is defined using the frame/slot structure of the candidate RAT, 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 width can be dynamically adjusted to the minimum needed. For the GSM “BSIC re-confirmation” measurement, gaps of 1 subframe (1 ms) would be sufficient for many instances during the course of measurements.
4. 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 be used for inter-frequency/RAT measurements. DRX cycle may be explicitly scheduled by network or implicitly adjusted at UE. When scheduled explicitly, DRX cycle can be determined by network together with measurement gaps scheduling, which may lead to co-location of DRX and measurement gap instances. When DRX cycle implicitly adjusted at UE, UE can merge DRX with scheduled measurement gaps for co-location or extension. The corresponding measurements can then be taken autonomously by UE during the resulting idle gaps.       
5. Conclusion
The configuration and scheduling of inter-frequency and 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 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;

· Different measurement gap should be configured for 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 the candidate RAT’s 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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7.
Text proposal for RAN2 Technical Specifications 36.300
This section provides text proposal for RAN2 TS 36.300 [3].
10.1.3.2
Neighbour cell measurements of other frequency layers

Regarding mobility between different frequency layers (i.e. between cells with a different carrier frequency), UE may need to perform neighbour cell measurements during DL/UL idle periods that are provided by DRX/DTX or packet scheduling (i.e. gap assisted measurements).

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. 

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 10.1.3.2 - 1.
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Figure 10.1.3.2 - 1: Measurement Gap Pattern
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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