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Discussion
1
Introduction
When eICIC was being specified for Rel’10, there were several proposals that ended up not being agreed or being considered as issues that could be better handled in Rel’11 (see [4]). In RAN#53, it was decided that the secondary priorities of the original work item would be deprioritized until RAN#55. 

In this document, we discuss the most obvious candidates for Rel’11 eICIC enhancements in the context of the Rel’11 eICIC WI [5], considering the WI prioritization.
2
DRX and eICIC
Although DRX [2] has been specified since Rel’8, the eICIC discussion did not really consider DRX at all. This was partially because DRX and eICIC seem to work at cross-purposes: DRX is aimed at reducing power consumption and allowing UE more idle periods (e.g. during which to freely do measurements) with a controllable period for the used DRX cycle, while eICIC seeks to control the measurement occasions more strictly than before, enforcing that the UE does measurements only at certain time occasions with a fixed periodicity that cannot be changed.
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Figure 1. Illustration of Using DRX and eICIC simultaneously
The main difficulty for eICIC and DRX is that while both DRX and eICIC consist of alternating periods of activity and inactivity, the approaches are different. The DRX cycle, which can be semi-statically configured and dynamically responds to scheduling activity. The eICIC cycle is fixed to 40 ms for FDD (or 20/60/70 ms for TDD depending on TDD configuration) and consists of freely configurable wake-up times, of which there may be several within the eICIC pattern. Further, there may be several eICIC patterns that need not overlap.

Let us consider a macro-pico FDD case and assume that a pico UE has DRX configured with 20 ms DRX cycle, 3 ms OnDuration and 2 ms inactivity timer (possible parameters e.g. for a VoIP call), and assume that the UE also has eICIC configured with (overlapping) 2/8 muting patterns for serving and neighbour cell measurements. Assume further that the UE would have to wake up for all eICIC measurement occasions (the worst case scenario) according to the signalled patterns. Assume also that the DRX offset has been configured so that the OnDuration is always overlapping with 2 ABS occasions (i.e. good network implementation that tries to ensure inter-operability).
Observation 1: eICIC may worsen the effectiveness of DRX. 
This issue is further considered in [6]. However, given the current eICIC WI prioritization, the optimizations to DRX are of secondary importance until RAN#55.
3
Neighbour Cell Patterns
During Rel’10, it was discussed whether it would make sense to have more than one neighbour cell measurement pattern. However, given the scenarios discussed (macro-pico and macro-femto), no immediate need was seen and it was agreed to only have a single pattern with possibility for a PCI list to specify for which neighbour cells eICIC applies.
The impact of multiple patterns would be obvious: In the worst case, there could be no DRX possible with eICIC. The issue with DRX and eICIC was already discussed in last section, but if there would be more than a single pattern, it could make it even more difficult to utilize DRX with eICIC.
Another issue discussed during Rel’10 was whether the neighbour cell pattern would always come with a neighbour cell list, i.e. list of applicable PCIs. In Rel’10, this is optional. During the recent RAN4 discussions, there has been some concern regarding UE processing, and there have been proposals that the list should be made mandatory.
Observation 2: There is no obvious need for multiple measurement patterns with eICIC in the Rel’10 scenarios.

4
Inter-Frequency Measurements with eICIC
The need for eICIC inter-frequency measurements was also raised up during Rel’10, but due to time pressure, the issue was left to Rel’11.There are two obvious cases to consider: Inter-frequency measurements for non-CA cells, and inter-frequency measurements for CA cells (i.e. configured Scells). We consider both briefly in the text below. Note that the CA case is deprioritized until after RAN#55.
4.1
Non-CA case 
In case no carrier aggregation is used, UE could be required to use eICIC to do measurements on a neighbouring frequency e.g. in case early handover is desired towards a pico cell in another frequency. It is easy to make the following observations:

· Serving cell patterns are applied to protect the serving cell measurements in the presence of a strong interferer, and by nature an inter-frequency cell would not cause interference to a serving cell on another frequency.  Hence, the serving cell pattern would not be necessary

· Neighbour cell measurement restriction pattern would be used in the same way as for intra-frequency 

· CSI patterns are not required as there are no CQI measurements for non-serving cells

Observation 3: Only neighbour cell measurement restriction patterns would be required for inter-frequency eICIC.

There are two basic cases to consider with eICIC: UE requiring measurements gaps for inter-frequency eICIC measurements and UE that does not require measurement gaps. 

1. UE does not require measurement gaps

a. DRX may be interrupted for measurements, leading to increased power consumption due to UE being forced to be awake more often than usually.

b. Possible effects due to retuning might happen for cases where the UE has to retune its RF to receive on the other frequency, e.g. in an intra-band adjacent carrier inter-frequency case.

2. UE requires measurement gaps

a. Since measurement gaps (in Rel’10) are always 6 ms in length and have either 40 ms or 80 ms periodicity, while a typical eICIC measurement restriction has muting ratio of e.g. 2/8. This would waste a lot of measurement opportunities as only part of the gap would be usable. 

b. Current measurement requirements might not be applicable for eICIC measurements: The current inter-frequency measurements assume certain number of available measurement occasions, and would have to be scaled up to reflect the amount of available occasions during the gaps, leading to slower measurements. 

c. As the UE would still be served by the current frequency serving cell, slowdown in measurements would not need to cause RLF as the serving frequency should still be available. However, the slowdown would result in less effective CRE in e.g. macro-pico case.
Observation 4: The current measurement gap of 6 ms does not work efficiently for eICIC measurements.

Observation 5: Even if UE does not require measurement gaps, retuning effects might cause issues for inter-frequency measurements 

However, the use case for the measurements is not obvious: In the intra-frequency case, eICIC may be required for cell range extension reasons (e.g. in macro-pico case) or simply to keep UE connected when close to non-allowed cell (e.g. in macro-CSG case). For inter-frequency eICIC, there is no risk of RLM in the serving frequency for macro-CSG case. For macro-pico case, one can ask why could the UE not be first commanded to do handover to the other frequency and then utilize the eICIC restrictions in that frequency? Since the case already assumes two carrier frequencies for the operator, there is already some inherent load balancing applied between the carriers, so the need for offloading is not as clear. Hence, the use case for the inter-frequency eICIC measurements should first be identified before deciding on whether to expand the measurement procedures to inter-frequency case. 

Observation 6: The use case for inter-frequency eICIC is somewhat ambiguously defined.

4.2
CA case
In a carrier aggregation case, UE does not require gaps to measure CCs that are configured for the UE, i.e. for configured Sells. Thus, the case is similar to the non-CA no-gaps-required case, and the observations from the previous section apply also here.
However, all three patterns would be required for the SCell if eICIC is used: Depending on the actual eICIC scenario at the Scell frequency (there could be different eICIC configuration to Pcell frequency), the UE might have to utilise different patterns than in the Pcell frequency.

In case the CC with eICIC is deactivated, there is an automatic DRX period defined for the measurements to preserve reasonable power consumption for the UE. If eICIC is used, power consumption may be increased as the UE may have to wake up from DRX more often than otherwise.

Observation 7: If eICIC is used in activated SCell, the PCell eICIC configuration needs to be duplicated fully.

Observation 8: eICIC patterns on Scell could be different from those in PCell

Observation 9: The solution for CA case and non-CA case may have some differences

4.3
Summary 

Based on the above observations, it would seem that inter-frequency eICIC presents several design challenges. Hence, unless a clear benefit that outweighs the costs (power consumption, complexity, increased signalling overhead) is found, we propose that RAN2 should deprioritize the work on inter-frequency eICIC.
5
eICIC in idle mode
A conscious decision was made in the RAN2#72 [4] to leave the eICIC out from idle mode handling. Considering possible use cases and benefits would therefore be obvious candidate for eICIC work in Rel’11. While the use cases would be similar as for active mode, it is clear that both the applicability and signalling would be affected, given the differences between RRC_IDLE and RRC_CONNECTED operating principles.

For example, the following questions are obvious:

· Are both serving and neighbour cell patterns required for idle mode eICIC?

· How would the eICIC patterns be signalled to the UEs?

· Which idle mode UEs would utilize the eICIC patterns? (E.g. all or only some?)

It is simple the make the following observations:

Observation 10: eNB might not be aware of which idle mode UEs would utilize eICIC. 
Observation 11: The use case for offloading in idle mode is not obvious

The work for the idle mode eICIC was also agreed to be considered only after RAN#55.

6
Conclusion
There are several potential enhancements for eICIC that were left open in Rel’10. We have discussed the ones we see as most obvious, with the following conclusions:
1. There are several issues that are currently deprioritized until RAN#55

a. DRX and eICIC could be optimized to allow better power saving with eICIC

b. No clear need is seen for multiple neighbour cell patterns for Rel’10 scenarios, but should there be additional scenarios identified in RAN1 work, this could be reconsidered.

c. Idle mode eICIC use cases are not clear.
2. The use case for the inter-frequency eICIC is not very clear 
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