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1
Introduction
Recently some possible open items in Release 11 regarding eICIC were discussed [4]. Among them, it was noted that when enhanced inter-cell interference coordination (eICIC) was introduced in LTE Release 10 [1], no effort was made to make this feature compatible with discontinuous reception (DRX), a feature that was introduced in LTE Release 8 [2]. Mobile terminals use DRX to save power, whereas heterogeneous networks need eICIC in order to improve mobility. However, when DRX is used together with eICIC, the performance of DRX is generally degraded. This contribution examines what could be done to make the two features more compatible with each other.
2
Background
The principle behind DRX is to allow the UE battery to last longer by configuring the UE to go periodically to sleep during periods of scheduling inactivity when continuously to scheduling commands. The DRX cycle consists of an active period called On Duration and an inactive period called DRX Opportunity. A short DRX cycle is used while there is scheduling activity; otherwise a short cycle is used. Whenever a transmission is expected, the active period is extended briefly while keeping the length of the DRX cycle fixed.
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 neighbouring cells. Typically when eICIC is used, the UE is instructed to restrict its measurements of the serving and neighbour 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. 

3
Discussion
3.1
Description of the problem
Even though the eICIC specifications were drawn up after the DRX specifications, the two procedures are not linked in any way. The eICIC is intended to work with DRX, with certain restrictions like assuming that at least one ABS coincides with the DRX active period, but no effort has been made to coordinate the use of DRX and eICIC. It is likely that this will prove to be problematic, for it is possible that all ABSs during which the UE makes measurements fall outside the DRX active periods. It is possible to force the UE to stay awake longer than normal so that at least some of the ABSs fall within the DRX active periods, but this will most likely worsen the performance of DRX significantly. 
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Figure 1. Illustration: Using DRX and eICIC simultaneously
3.2
Possible solutions
In the following we propose a solution to the problem of how to make DRX and eICIC work together:
The simplest way would be to use a solution that is similar to the one used for CQI and DRX: CQIs can be masked so that the UE never sends any CQIs outside the DRX ActiveTime. For DRX and eICIC, this would work the other way: The DRX activity would be masked according to the configured eICIC patterns.
The overlap of DRX Active Time and the ABSs could be accomplished in a number of different ways: 
1. Mask the ActiveTime with the MeasSubframePattern used for UE measurements (serving and/or neighbour cells). The DRX cycle and the DRX Active Time are masked according to the given ABS pattern. This means that the UE would wake up only during those times when the DRX Active Time coincides with the configured ABSs. 
2. A different kind of DRX cycle could be configured for the UE: The DRX OnDuration could be tuned to match the configured eICIC patterns so that it would always be assured that the UE is awake when the pattern allows a measurement to be made. In effect, this would transform the DRX cycle into 40ms whenever eICIC is used, with the OnDuration occurring according to the measurement occasions provided by the ABS pattern.

3. The DRX OnDuration start time could be matched so that the first subframe of OnDuration always matches with an ABS as indicated by the measurement restriction pattern, i.e. the DRXStartOffset would be automatically modified by a known offset. This would enable at least one overlap between DRX and ABS. To handle possible mismatch cases, the UE could also signal back the offset to the eNB.
Proposal: RAN2 should consider these enhancement proposals for DRX with eICIC.
4
Conclusion
At present, DRX and eICIC are not linked in any way, and when used together, the performance of DRX is significantly reduced. In this contribution we propose to modify the operation of DRX so that the DRX active periods are masked according to the ABS pattern. We propose that these could be considered as possible enhancements for Rel’11 eICIC.
Proposal: RAN2 should consider these enhancement proposals for DRX with eICIC.
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