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1
Introduction
Enhanced inter-cell interference coordination (eICIC) was introduced in LTE Release 10 [1] for the purpose of improving mobility in heterogenous networks. An open issue in Release 11 is how to make eICIC compatible with neighbor-cell measurements [4]. This contribution examines the issue.
2
Background
When an eNB uses eICIC, it coordinates its transmissions with the transmissions of other eNBs for the benefit of the users of those other eNBs. This is accomplished by the use of Almost Blank Subframes (ABS). An ABS is a subframe during which an eNB transmits nothing except common reference symbols (CRS), which are required for making measurement and transmitting essential control data (i.e. paging, synchronization and system information). In principle, an ABS is supposed to be a subframe that causes (almost) no interference to neighboring cells. Typically when eICIC is used, the UE is instructed to restrict its measurements of the serving and neighbor cells to the configured ABSs.
The scenarios where eICIC is expected to be used in Release 10 are the following:
1.
A femto eNB coordinates its transmissions with the eNB of the surrounding macro cell in order to allow the macro users close to the femto cell to experience less interference.
2.
A macro eNB coordinates its transmissions with the transmissions of a nearby pico cell so that the smaller interference allows macro users within a larger area to find and connect to the pico cell.
The ABS patterns used in eICIC are expected to vary according to the number of UEs and the type of transmission. In this contribution we are concerned with the second scenario above, since only in this scenario is eICIC needed for making neighbor-cell measurements.
3
Discussion
In this discussion we will distinguish between two cases:
1. 
Inter-frequency neighbor-cell measurements in a network that does not use carrier aggregation.

2. 
Intra-frequency neighbor-cell measurements in a network that uses carrier aggregation.

3.1
Case 1: Network not using carrier aggregation
3.1.1
Description of the problem
Figure 1 depicts a typical neighbor-cell measurement scenario in a network where carrier aggregation is not used. The macro eNB uses two carriers, f1 and f2, whereas the pico uses only one carrier, f2. The UE is connected to the macro eNB via f1. The UE may also make inter-frequency measurements of the pico cell on f2, and assuming the UE can only on single frequency at a time, measurement gaps must be used. 

In the cell-range expansion area of the pico cell, the pico eNB signal is weak and prone to interference from the macro eNB carrier f2. Thus, when the UE is in the cell-range extension area, if the UE were to be handed over to the pico cell, eICIC measurement restrictions would be needed for measurements on carrier f2.
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Figure 1. Neighbor-cell measurement without carrier aggregation
However, considering the scenario more carefully, we see that due to the presence of the two macro carriers, the interference issues for pico cell are not present in the f1 carrier, and that since there are already two macro carriers, there is a load balancing of sorts there. Hence, the applying CRE could be done once the eNB decides to handover the UE to f2, which would then negate the need for eICIC for inter-frequency measurements.
3.1.2
Possible solutions
A simple solution would be to ensure that the ABS pattern and the measurement gap pattern have the same period so that the two patterns coincide as much as possible. 
Measurement gaps have a period of 40 or 80 ms. The gaps are 5 ms wide, and in addition there is a 0.5 ms ramp-up and 0.5 ramp-down of the UE receiver [2]. Thus, when eICIC is used to support inter-frequency measurements, the ABS pattern must be aligned with the measurement gap pattern. When eICIC is used to support two-way data communication, then the ABS pattern is restricted by the HARQ round-trip time (which is 8 ms for FDD). But no such restriction applies in the case of neighbor-cell measurements, which is a one-way transmission.
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Figure 2. Alignment of the ABS pattern and the measurement gap pattern
 3.2
Case 2: Network using carrier aggregation
3.2.1
Description of the problem

NOTE: The CA case for eICIC has been currently deprioritized. However, to illustrate the differences between CA and non-CA case, we briefly consider also this case.
Figure 2 depicts a typical neighbor-cell measurement scenario where eICIC is used in a network where carrier aggregation is used. The macro eNB uses two carriers, f1 and f2, which correspond to the PCell and the SCell, respectively. As in the previous scenario, the pico uses only one carrier, f2. The UE is connected to the macro eNB via f1. The UE may also make intra-frequency measurements of the pico cell on f2, and since the UE has two radios, measurement gaps are not used. 

Just as in the previous scenario, eICIC must be used on carrier f2 by the pico and macro eNBs when the UE is in the cell-range extension area of the pico cell in order to allow the UE to make neighbor-cell measurements of the pico cell.
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Figure 3. Neighbor-cell measurements with carrier aggregation
The main problem in this scenario is that the carrier f2 is used by the macro SCell and SCells may not use eICIC. According to what has been agreed upon in Release 10, only PCells may use eICIC [3]. This restriction was adopted mainly because it is the PCell that maintains the data connection to the UE.
3.2.2
Possible solutions

Since currently SCells may not use eICIC, we consider three solutions to this problem:
1. Allow SCells to use eICIC. The SCell would use eICIC for neighbor-cell measurements and the PCell would use eICIC for data communication. The ABS patterns used by the SCell and the PCell would be different because their functions would be different.
2. Make the macro carrier f2 temporarily the primary carrier while the UE is measuring the pico cell. This does not seem feasible, for it would give rise to a considerable amount of signaling between the macro eNB and the UE. Some pico cells in the macro coverage area may use carrier f1 and others may use carrier f2, but the UE cannot make measurements on both carriers simultaneously, for only one of the carriers can be the primary carrier.
3. Allow the UE to use measurement gaps for making neighbor-cell measurements also in the case when the UE uses carrier aggregation.
Of these proposed three solutions, the third seems to be the most feasible. However, the actual solution could be better addressed after RAN#55.
4
Conclusion
In this contribution we have examined the compatibility of eICIC with neighbor-cell measurements when the UE is in the cell-range extension are of a pico cell. We conclude with the following proposals:
Proposal 1: The network should ensure that the ABS patterns used to support neighbor-cell measurements coincide with the measurement gap pattern.

However, before agreeing on the actual measurement restrictions, we think that the use case for inter-frequency measurements should be stated. 
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