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1
Introduction
In RAN4 52, a way forward for further work on HeNB intercell interference coordination was agreed in [1]. The way forward stated that RAN4 should focus on Rel 9 techniques, and send an LS to RAN2/3 if there is a need to specify any backhaul mechanisms. Based on this way forward, we attempt to identify some of the techniques that are relevant for Rel 9 HeNBs, and classify these into 3 different categories (1) Adaptive Power Control (2) Resource Partitioning: Multiple Carriers (3) Resource Partitioning: One Carrier. We then make proposals for progress on each of these techniques. 
2
Discussion and Proposals
2.1
Adaptive Power Control
Several companies have demonstrated that adaptive power control (e.g. [2][3][4]) based on network listening can reduce (though not eliminate) the impact of CSG HeNBs on macro UEs as well as UEs connected to other HeNBs. However, there have been several different variations on such adaptive power control and it is unlikely that RAN4 can endorse any one particular proposal. Additionally, there is no need to endorse one particular algorithm, since the algorithms themselves have no specification impact and can be left implementation dependent. A similar approach was taken in the case of Home NodeBs (HNBs). 
However, adaptive power control using UE assistance can be very beneficial [8]. In this scenario, a UE may report a strong jamming condition from a HeNB, and the macro and that HeNB may communicate over the backhaul to potentially reduce the power of the HeNB (possibly on a subset of resources: see next subsections). Based on these considerations, we recommend that RAN4 adopt the following proposal. 
Proposal 1a: RAN4 should endorse adaptive power control based on DL signal strength measurements as an ICIC technique for Rel 9 CSG HeNBs. If the DL signal strength measurements are based on network listening at the HeNB, the specific algorithms used can be an implementation choice of the vendor and/or operator. 

Proposal 1b: The messages needed to support adaptive power control based on UE measurements and backhaul communication should be standardized. RAN4 should send an LS to RAN2/3 describing in detail the backhaul messaging required to support adaptive power control, and request RAN2/3 to standardize such messaging.  

2.2
Resource Partitioning: Multiple Carriers
Several companies have demonstrated that resource partitioning between the macro and HeNBs (e.g. [5]), as well as different HeNBs (e.g. [6] [7]) can greatly improve the performance of HeNB deployments.  The simplest such mechanism would be carrier partitioning, where the macros and HeNBs could be on different carriers. Similarly, adjacent HeNBs could also choose different carriers. In order to enable this choice, it is beneficial to have adequate signaling support on the backhaul. One possible set of signaling messages is provided in [6], though RAN4 should consider alternatives as well. Note that the exact backhaul messaging architecture (e.g. S1 vs X2) is outside the scope of RAN4 expertise and is more suited to RAN2/3 expertise. Hence RAN4 should describe the details of the ICIC mechanisms (e.g. how big the payload will be, what time scale do we expect the partitioning to occur) in an LS to enable RAN2/3 to standardize the necessary messages.
Proposal 2: RAN4 should endorse carrier partitioning as an ICIC technique for Rel 9 HeNBs. RAN4 should also send an LS to RAN2/3 describing in detail the backhaul messaging required to support adaptive carrier partitioning, and request RAN2/3 to standardize such messaging. 
It should be noted that the classification between adaptive power control and resource partitioning is not absolute; for example, it is possible that RAN4 may agree on a backhaul messaging scheme could combine adaptive power control and resource partitioning (e.g. [8]). The LS to RAN2/3 should then contain a description of the appropriate message.
2.3
Resource Partitioning: One Carrier
The benefits of adaptive resource partitioning also extend to a shared carrier scenario; indeed the proposals in (e.g. [6] [7]) are general enough to be applied to any kind of resource partitioning i.e., different HeNBs use different subbands / subframes negotiated based on the mechanisms described in e.g. [8].  There are even additional benefits of partitioning within a shared carrier (better granularity, more flexibility, less control overhead etc.) and hence the mechanisms to enable such partitioning should be standardized. As in the case of carrier partitioning, RAN4 should provide RAN2/3 with all the relevant information to help those working groups in standardization of the messages. 

However, while partitioning within a carrier solves the data channel interference issue, it does not solve the control channel issue. Different techniques have been proposed to solve the control channel issue, depending on the type of partitioning used (e.g. subband partitioning, with partial co-channel [9] or TDM partitioning between HeNB and macro [10]). RAN4 should identify useful partitioning schemes and ensure that the UE can decode its control channels under such schemes.  
Proposal 3: RAN4 should endorse resource partitioning within a shared carrier as an ICIC technique for Rel 9 HeNBs. RAN4 should identify the techniques to enable a UE to decode control channels under such resource partitioning, and mandate the necessary UE performance requirements. RAN4 should then send an LS to RAN2/3 describing in detail the backhaul messaging required to support intra-carrier resource partitioning, and request RAN2/3 to standardize such messaging.
3
Conclusion

In this document, we have tried to classify many of the proposals for downlink interference coordination between HeNBs or HeNB/eNB, and proposed ways forward for each of these cases. 
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