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1 Introduction

In the RAN1#62 meeting, the eICIC Study Item phase was concluded with the following agreement on macro-femto enhanced ICIC: the baseline is no backhaul coordination (X2, S1), which reflects RAN3 status, time-domain/power setting solutions and support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources.
In this contribution, we focus on the specification impact of DL power setting.
2 Autonomous HeNB power setting
The level of interference produced by the HeNB on the downlink and uplink transmissions in a macro-cell depends on the HeNB position (as illustrated in Figure 1), more precisely on the path-loss between the macro-eNB and the HeNB. In downlink, this path-loss approximates the path-loss between the macro-eNB and macro-UEs in the HeNB neighbourhood. The higher this path-loss, the higher the HeNB impact on macro-UE performance.
An autonomous power setting algorithm based on the macro-eNB-to-HeNB path-loss can be implemented at HeNBs [1][2], using HeNB measurements of surrounding macro-eNBs through downlink receiver capabilities. The power setting formula, controlling the maximum HeNB transmit power, can be implementation specific or standardized, as suggested in [2].
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Figure 1: HeNB interference on macro-UEs.
3 Victim-aware HeNB power setting

The drawback of autonomous power setting in downlink is that it is applied regardless of the presence of a victim macro-UE (MUE) in the neighbourhood of the HeNB. The HeNB UE (HUE) performance is directly impacted by the absence of victim UE detection [3][4]. There are several ways to perform victim-UE detection:
· MUE RSRP measurements on the HeNB are transferred from the eNB to the HeNB via an X2 connection
· eNB-HeNB or eNB-Home Gateway X2 connection must be specified by RAN3 before this approach can be applied
· MUE RSRP measurements on the HeNB are wirelessly transmitted from the MUE to the HeNB

· This new MUE-to-HeNB link has to be specified

· With CSG HeNB, some HeNB functionalities have to be in Open Subscriber Group (OSG) mode in order to allow MUE measurement transmission

· MUE uplink interference detection at HeNB
· MUE uplink reference signal detection [5]
· HeNB power setting according to the HUE PUCCH power since PUCCH power control depends on uplink interference level at HeNB [4]
4 Penetration-loss-aware HeNB power setting

Using MUE RSRP measurements for HeNB power setting is very efficient from the HUE performance perspective. However, it relies on still inexistent X2 or MUE-to-HeNB connections. 

In case HeNB received power from eNB is used for power setting, the indoor propagation loss and the penetration loss are included in the power setting. However, they may not affect the victim UE useful path gain and may affect the HeNB-to-victim UE interference. Thus, if the victim-UE is located outside the HeNB building, the indoor propagation and penetration loss must be deduced in some way from the HeNB power reduction. The performance gain brought by knowing the penetration loss is shown in [6]. Depending on the power setting formula, the penetration loss plus indoor propagation loss has more or less impact on the power setting [1][7]. Its level can be set in different ways:
· A fixed offset can be applied to the power setting rule
· The penetration loss can be estimated at the HeNB from the MUE uplink interference level, the common HUE/HeNB uplink power control rule and the eNB-to-HeNB path gain [6]
· A MUE in handover from eNB to HeNB can store the RSRP measurements before handover and transmit them to the HeNB after handover together with new measurements in order for the HeNB to determine the penetration loss to victim MUEs (typically MUEs close to the HeNB)
· This method requires some new UE procedure before and after handover

5 Summary

According to the discussion above, we suggest to further discuss specification modifications in order to enable victim-aware and penetration-loss aware HeNB power setting.
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