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Introduction
The UE in LTE_ACTIVE has to measure the neighbour cells that are included the inter-frequency and inter-RAT system cells as well as the intra-frequency cells to perform handover. The measurement gap is necessary to measure the neighbour cells except for the intra-frequency cells within the UE reception bandwidth [1]. To control the measurement gap, several contributions have been proposed [2]-[5].

In this contribution, we discuss the requirements for the measurement gap and propose a gap control which satisfies the requirements. .
Discussion
1.1. Conventional proposals of the measurement gap
First, in this section, we enumerate the different proposals on measurement gap up to now. In contributions [2]-[5], the topics of the measurement gap have been discussed as follows;

· Gap request: RRC layer signaling or MAC layer signaling

· Trigger: UE oriented, eNB oriented or Autonomous gap control [5]
· Grant response: Need or not
· Parameters allocation: Static or flexible
1.2. Requirements of the measurement gap control
The measurement gap in LTE_ACTIVE affects the mobility performance and the packet date throughput, thus we have to clarify the requirements and control the measurement gap appropriately. The requirements for the measurement gap can be summarized as following
1. The measurement gap should be created immediately.
· The channel condition is changed quickly at high vehicle speed.
2. An additional signaling should not be required.
· To mitigate the overhead for the gap.
3. To be individually controlled to each UE.
· The UE capability concerning the measurements may be different.
· The flexibility is needed to take into account each UE condition.
4. The redundant gaps should not be created.

· To prevent wasting the radio resource.
· To ensure the packet data throughput.

1.3. Viewpoints of the discussions
For the gap request, due to the requirement-1, RRC layer signaling (e.g. Measurement Report) could not accommodate. Thus, we prefer MAC layer signaling to RRC layer signaling.
For the gap trigger, eNB oriented has the benefit which can be considered the DL Tx buffer status. However, UE oriented or Autonomous gap control can react more sensitive to the instantaneous channel condition. Therefore, we prefer either UE oriented or Autonomous gap control. The requirement-2 is intended to reuse the control signaling. We believe the CQI reporting is the most suitable for the gap control, since it is the data non-associated and reported periodically.
For the gap grant, it is not needed if the eNB allows the measurement gap at any time when the UE requires, or the same gap algorithm is approved both the UE and eNB (i.e. Autonomous gap control). However, if the gap grant is needed to respond concerning the gap request from the UE, due to requirement-2, the eNB should reuse the DL control signaling instead of an additional signaling. It is possible to indicate the grant or not by only one bit, so that the indication can put into the existing signaling (e.g. L1/L2 control signaling).
For the gap parameters, due to requierment-3, the gap parameters should be flexible. This requirement indicates the gap parameters are not static parameters such as received from broadcast channel, but flexible parameters determined by either the UE or the eNB depending on the condition.
1.4. The methods of flexible gap parameters
The three different methods are considered to determine the flexible parameters for the gap. In this section, we discuss the pros/cons.
(1) Determined by the eNB 

(2) Determined by the UE

(3) Autonomous gap control [5]
In the method (1), the eNB can transmit the appropriated gap parameters for each UE by taking into account the UE capability, the neighbor cell information (e.g. Intra-freq outside UE BW /Inter-freq /Inter-RAT /load balancing, etc.) and the DL buffer status within the serving cell. However, an additional DL signaling has to be required. Moreover, this method increases the amount of overhead since the gap parameters have to be needed for each UE individually.
In the method (2), two methods are available. The first is the UE transmits to the eNB both the gap request and the gap parameters which are taken into account the UE capability and the instantaneous channel quality. The second is the UE can restart the CQI reporting to indicate that the UE finished the neighbor cell measurements before the expiration of the gap length.
In the first, it is the problem that is difficult to transmit the gap parameters without an additional signaling. In the second, if the UE prioritizes the accuracy of measurements over the time, the UE could measure until the gap length is expired. However, in the second, the eNB has to wait for the CQI reporting whether it is received or not, the radio resource efficiency might be decreased. 
In the method (3), the measurement gap is created when the CQI measurement is below a certain threshold or average value. In this method, the measurement gap control is difficult because of the gap parameters are depending on the measurement results. Furthermore, the redundant gaps may be created.
Comparing to the three methods, the method (1) is the most flexible but the complexity would be increased, and it does not satisfy the requirement-2. The former in the method (2) does not satisfy the requirement-2. The latter is simple but the efficient of radio resource has to be studied. The method (3) does not satisfy the requirement-4 in the section 2.2 and the gap control is difficult without an additional manner. As a result, all of them have some problems.
1.5. Proposals for the measurement gap control
As mentioned above, we recommend the following measurement gap control;

· The gap request by the CQI reporting

· UE oriented or Autonomous gap control

· The flexible gap parameters for each UE

However, in the previous section, we see the three methods have some problems concerning the flexible gap parameters respectively. Therefore, we propose the semi-static method which is used the gap parameter sets to control the measurement gap.
In this proposal, the UEs are classified into some groups according to a certain criteria, and the gap parameter sets are pre-defined concerning each groups respectively. The UE and the eNB apply the same gap parameter sets depending on the UE condition. The gap parameter sets consist of the gap length, interval and duration, for example.
For instance, the gap parameter sets are selected depending on the following pre-defined criteria;

· CQI measurement values: When the result of CQI measurement is below a certain threshold or average value, the gap parameter sets are selected to prioritize the measurements during the gap by adjusting the longer gap length or the shorter gap interval.
· CQI measurement variations: When the result of CQI measurement is decreased compared to the previous result by more than a certain range, the gap parameter sets are selected to prioritize the measurements during the gap by adjusting the longer gap length or the shorter gap interval.
· Target RAT system cells: The gap parameter sets are selected depending on the target cell belonging to RAT system.

Since the gap parameter sets are selected depending on the UE condition, this proposal can resolve the problems in the previous section (i.e. this proposal satisfies all requirements). The gap parameter sets can also be prepared to each eNB taking into account the neighbor cells. An additional signaling is not required when the gap is created because of the parameters can be pre-defined by RRC layer signaling. Moreover, this proposal may assist in reducing the redundant gaps of the method (3).
Conclusion
In this contribution, we clarified the requirements for the measurement gap control. To satisfy the requirements, we propose the following measurement gap control;

· The UE transmits the CQI to create the measurement gap.

· UE oriented or Autonomous gap control is preferred.

· If the gap grant is needed, the eNB should reuse the existing control signaling.

· The gap parameters allocation is flexible for each UE.
· The gap parameter sets are applied depending on the UE which is classified according to a certain criteria.
References
[1] R2-062134, Ericsson, “Idle Gaps for Handover Measurements in E-UTRAN”
[2] R2-060860, Huawei, “Measurement Gap scheduling in HO procedure in LTE”
[3] R2-061922, NTT DoCoMo inc, “Measurement gap control”
[4] R2-062359, QUALCOMM Europe, “Measurement Gap Scheduling”
[5] R2-060086, NTT DoCoMo inc, “Measurements for LTE Intra- and Inter-RAT Mobility”
Text Proposal
This section provides text proposal for RAN2 TS.

--------- Start of Text Proposal ---------
9.1.6
Measurements

9.1.6.2
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). 
The gaps are required by MAC commands (e.g. CQI) that are transmitted from the UE. The UE and network are selected the same gap parameter sets depending on the UE condition.


9.2.3
Measurements

9.2.3.1
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. 
The gaps are required by MAC commands (e.g. CQI) that are transmitted from the UE. The UE and network are selected the same gap parameter sets depending on the UE condition.


--------- End of Text Proposal ---------
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