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1 Introduction
This document discusses the impact of eICIC on Idle mode. 
2 Macro – Pico scenario
For the Macro Pico scenario where aggressive offsets + silencing pattern is used for connected mode UEs, if Idle mode UEs use the common camp on strongest cell principle or apply smaller offsets for which silencing is not needed, what would be the side effects? 
· As long as UEs stay in IDLE they are just using the DL and there should be no problems. Coverage of DL common channels is not a problem for HetNet scenario when camp on strongest cell principle is used. 

· If IDLE UEs go to connected mode in the Range Extension Region, there would normally be a handover from Macro to Pico and the UE would start using the Macro silencing pattern. 

· Thus a side effect of not taking eICIC into account in IDLE would be an increased number of handovers following immediately after Idle – Connected transition. 
· Another potential issue would be the operation of the UL. 
· Assuming that most connected UEs would use the aggressive offset, general power control e.g. P0 would probably be optimized for that particular cell border. 

· The UEs in the range extension area that would not follow the aggressive offset cell border, i.e. the ones connected to Macro, would have to use higher power than their neighbour UEs that are connected to Pico, and the difference may be large as the discussed offsets are very large (e.g. 25dB). This would occur at RRC establishment, before handover and eICIC configuration has taken place.
· We assume that eICIC may impact UL RRM and we assume that the higher degree there is of mixing UEs connected to Macro and UEs connected to pico in the Range Extension region, the bigger the impact would be on UL performance. 

· However, especially for the case of Idle-connected transition, this is not a problem, as the number of UEs in the transitory state of being connected to the “wrong cell” would be few. THUS, IDLE-Connected transition is not a reason to impact the operation of the UL. 
Thus there seems to be some impact from Idle mode UEs applying a significantly different cell border than connected mode UEs (when the connected mode UEs apply the aggressive offset), but none of the impacts seems serious enough to motivate any change to Idle mode UEs. 
Conclusion 1: For Macro Pico scenario, UE Idle mode operation does not need to be impacted to support eICIC. 

3 CSG cell scenario
CSG scenario is quite different from the pico cell scenario

· For connected mode UEs it is assumed that the problem is that macro UEs will not be able to maintain their connection when getting close to the CSG cell, due to DL interference from the CSG cell. The primary problem is reception of DL common channels and Radio Link Monitoring. It has been shown that around a CSG cell there is a Dead Zone, where macro UEs would experience DL RLF.
· It is assumed that a CSG cell is really closed, i.e. the interference condition is not “optional” as in the pico macro case. 

· THUS, the situation for Idle mode UEs seems very similar to Connected mode UEs. 

· Also in Idle mode, quality measurement (RSRQ) is used for cell suitability critera. 

· Thus for Idle mode UEs in a “dead zone” it is likely that those UEs would conclude that serving macro cell is no longer suitable, and then go out of service, similarly to connected mode UEs experiencing RLF. 

· Thus if there is a need for eICIC solution for connected mode UEs it would be natural to assume there is a similar need to apply such solution also to Idle mode. 

What if eICIC was implemented only for connected mode (and not for Idle mode), THEN: 

· Connected mode UEs moving into CSG coverage would be fine. 

· IF connected mode UE in the CSG dead zone would go to IDLE, it is likely that such Idle UEs would goto out of service state and thus not be able to return back to connected mode (unless the user moves out of the CSG dead zone). 

· Idle mode UEs moving into the CSG dead zone would likely go to OOS. 

Thus, it seems that if eICIC was implemented only for connected mode for CSG scenario, this would not work very well.   

Conclusion 2: For CSG scenario, UE Idle mode operation need to support eICIC, to the same extent as connected mode.
4 Legacy UEs

A potential problem is that legacy UEs cannot implement silencing pattern. However, the problem is not different than today where all UEs would experience loss of service in a CSG dead-zone if connected to Macro, with no alternative coverage. Thus, the introduction of eICIC feature do not make it worse for legacy UEs, and the feature technically do not introduce any backwards incompatibility. However, Operators would have to assess if it is possible to use CSG concept or not, with eICIC as an enabler, taking into account legacy UE population. 
Conclusion 3: eICIC usability as a CSG enabler need to be evaluated in the light of legacy UE population. 
5 How to support Idle mode eICIC (for CSG)
The problem could be divided into the following aspects
· Reception of System Information & Paging

· Mobility Measurements
· Detection of CSG cell silencing pattern. 

5.1 System information & Paging
For reception of system information and reception of paging there could be two strategies: 

1. Assure that reception occasions are protected by silenced subframes. 

2. Assure some statistical overlap of reception occasions and silenced subframes, maybe combined with higher rate of repetition.
BCH, SIB1 and PCCH are sent in fixed locations, but other SIBs are flexible and sent according to dynamic scheduling. THUS it should be possible to find silencing pattern(s) that can protect these common channels and still leave some resources for CSG usage. 

Conclusion 4: Reception of system information and paging is mainly an issue of finding a suitable silencing pattern and combining with suitable system configuration (reception occasions, repetition etc). No additional impact is foreseen. 

5.2 Mobility Measurements
Regarding measurements, it is obvious that a Macro UE need to measure serving Macro cell in CSG silenced subframes. This would be the minimum requirement. 
· In principle, all UEs within the coverage of a CSG cell that implements silencing should measure macro cells in silenced subframes, to make the measurement reflect the radio conditions as they would be if the UE was handed over to that macro cell. 

· In principle, all UEs within the coverage of a CSG cell that implements silencing should measure the CSG cell in non-silenced subframes. Assuming that silencing patterns may be quite expensive, e.g. 50% resource consumption, RSRQ measurement may be significantly wrong if measuring on all subframes. However, this may be tolerable. RSRP measurements should be accurate. 
· Regarding measurements on neighbour CSG cells, as such cells may implement different silencing patterns, detail measurement coordination may become very complex. However, CSGs that are very close to each other could be assumed to have the same silencing pattern. As inter CSG mobility is not the target feature, it should be sufficient to make such measurements according to todays principles. 
Conclusion 5: UEs within the coverage of a CSG cell (where the CSG cell is the major interferer) that implements silencing shall measure non-CSG cells in silenced subframes.
5.3 Detection of Silencing Pattern

We note that silencing patterns may be expensive, from resource consumption point of view.

E.g. some CSG femto cells would be deployed indoor in places where macro coverage is anyway very bad or zero. In such cases, it would not make sense to implement silencing at all. 
Furthermore, some CSG cells may be within coverage of an escape carrier, but some CSG cells may not have such alternative coverage.

Conclusion 6: It shall be supported that some CSG cells implement silencing, but others do not. 

Furthermore, the silencing pattern of different CSG cells could have different number of silenced subframes. The selection of silencing pattern would be a tradeoff between capacity given to CSG UEs vs Macro UEs, and QoS given to Macro UEs. 
Conclusion 7: It shall be supported that CSG cells implement different silencing patterns 
We note that UE in Idle mode, for cell reselection purposes, reads BCCH / SIB1 from the strongest cell, and such indication information could be signaled there, i.e. from the BCCH of an aggressor cell. This would be a simple way to enable dynamic behavior. We see no need to read BCCH of other cells than the strongest. 
Conclusion 8: Silencing pattern info shall signaled on BCCH by the cell that performs the silencing. UE follows something like: If the strongest cell uses silencing, then UE applies this silencing to its measurements. 

6 Conclusions
Conclusion 1: For Macro Pico scenario, UE Idle mode operation does not need to be impacted to support eICIC. 
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