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Discussion and decision
1. Introductions
In this contribution we will introduce different bandwidth scenarios in LTE. The definition of inter-frequency measurement is given. And the scheduling scheme for inter-frequency/RAT system is proposed.
2. Discussion on bandwidth scenarios
The measurement types include intra-frequency, inter-frequency and inter-RAT in UTRAN. In E-UTRAN system, the situation is more complex due to its scalable bandwidth characteristics for both UE and cells. It is necessary to refine the definition of measurement types in LTE.
The following assumptions are supposed in describing the different bandwidth scenarios:

· The SCH and BCH are located at the central frequency of the bandwidth, which is supported in the E-mail discussion of RAN1.
· The UE’s minimum bandwidth is 10MHz and it can shift within the cell bandwidth by intra-cell scheduling
· The maximum cell bandwidth is 20MHz and all cell’s spectrum is within the 20MHz band.
There exist the bandwidth scenarios in LTE as below:
1) UE operates in the narrow band and both the camped cell and the target neighbor cell resources have a wide bandwidth which covers the UE’s bandwidth.
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Figure 1 Scenario 1 of scalable bandwidth
In Figure 1 we consider the case of a 10 MHz UE whose neighbor cell operates with 20 MHz bandwidth. After startup the UE may shift to the left or right side from the central part of the spectrum. There are two ways for the camped eNodeB to schedule the measurement:

· The camped eNodeB schedules the UE to shift back to the central frequency of the spectrum to perform the measurement. Therefore the UE can do the inter-cell measuring by the scheduling without assigning the idle gaps. But when the number of UEs to perform the measurement is big, the load in the central spectrum will become high.
· The camped eNodeB schedules an idle subframe to perform the measurement.

2) UE operates in the narrow band and the serving cell also has a narrow operating bandwidth. The target neighbor cell resources have a wide bandwidth which covers the UE’s bandwidth.
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Figure 2(a) Camped cell spectrum is located      Figure 2(b) Camped cell spectrum is located

  in the left/right                                  in the center
In Figure 2(a)(b) the 10 MHz UE operates 10 MHz bandwidth in a 10 MHz cell and the neighbor cell operates at 20MHz band. Furthermore, there exist two cases in this scenario. 

· If the spectrum of the camped cell is located at the left/right of the 20MHz band, idle subframe is needed for the measurement as in Figure 2(a). 

· If the spectrum of the camped cell is located at the central of the 20MHz band, the UE can take the measurement by itself as in Figure 2(b).
3) UE operates in narrow band and the target neighbor cell has the same bandwidth as the UE but is outside of the current UE band of operation
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Figure 3 Scenario 3 of scalable bandwidth

In Figure 3 the UE operates 10 MHz bandwidth while the target neighboring cell has a 10 MHz bandwidth which does not cover the one of UE’s bandwidth. In this case, the serving eNodeB should schedule measuring gaps to perform the inter-frequency measurements.
4) UE operates in a wide bandwidth of 20MHz. The camped cell and the neighbor cell are of bandwidth of 10MHz or 20MHz. 
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Figure 4 Scenario 4 of scalable bandwidth

In this case the UE can perform the measurement of the neighbor cell without interruption of the services in the current cell. It is as same as the operation as intra-frequency measurement.
5) UE operates in the narrow or wide bandwidth and the target neighbor cell resources have the same bandwidth as the UE capabilities and are within the current UE band of operation. When measurement is needed, it is intra-frequency apparently.
From the above discussion, we can see that the measurement in scenario 5 is intra-frequency. The operation in scenario 4 can be as same as intra-frequency measurement. Scenario 3 is inter-frequency. In scenario 1 the measurement will be implemented with the spectrum tuned. It may need measurement gap to perform the task or it can be implemented by intra-cell scheduling. In scenario 2, the measurements are possible to be inter-frequency or intra-frequency, which depends on the implementation of the eNodeB. 
The common points of inter-frequency measurement in scenario 1, 2 and 3 are that the central spectrum of the UE has to be changed and measurement gaps may be required. Here we propose that inter-frequency measurement is the one which needs tuning the spectrum of the UE to perform the measurement.
3. Scheduling method for inter-frequency/RAT measurement
As in the definition of the inter-frequency measurement in the previous part, it may need scheduled gaps to perform the measurements. Scheduling method for the measurement will be introduced in this part.
In this document we propose to decide the measurement gap according to UE’s capabilities. The measurement capability is one of the UE’s capabilities and can be encapsulated in the capability information of UE. The UE’s capability information would be transferred to the eNodeB during the UE capability update procedure. The measurement period is defined, and maybe other measurement information, such as the measurement duration and the measurement subframes/timeslots, etc. can also be included in the information.
3. 1   Measurement scheduling schemes 

We assume that the capability information is acquired by the eNodeB before the inter-frequency/RAT measurement. The eNodeB can schedule the measurement gap information including measurement period, duration and measurement subframe/timeslot and transmit it to the UE. The signaling process is shown in Figure 5. 
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Figure 5 Measure scheduling flow when UE capability information is acquired at eNodeB
After receiving the scheduling information, the UE would respond with an acknowledgement to the eNodeB for the scheduling. The detailed format of the acknowledgement is FFS.

From the figure we can see that the scheduling process can be implemented without too much signaling exchange and is quite simple.

3. 2   The effects of DRX
DRX may exist in LTE_ACTIVE state. The UE may begin the measurement autonomously in the DRX idle subframes. In this case the UE may perform the measurement without the scheduling of the eNodeB.
4. Conclusions
In this document, the definitions of inter-frequency measurements are discussed. Then the scheduling method for the method is introduced.
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