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1 Introduction
During the previous two meetings, most discussions focused on Het-Net scenarios and simulation assumptions. That is a good start for Het-Net study. From the contributions and current research, there are three core aspects which need detailed technology discussion:

· Interference management

· Synchronization

· Load balance

In this contribution, a summary description of these issues is identified and our proposals for further study priorities are given.

2 Technology Aspects for Het-Net
2.1 Interference Management in Het-Net
Interference has been evaluated both in link budget and statistic simulation [1][2][3]. Based on these evaluations, from our point of view, interference management needs most concerns, due to possible large interference between different tiers(. 

There have been several interference control schemes in R8, such as FFR, SFR, X2 based ICIC, and so on. It needs to be further evaluated whether these schemes can solve the interference problem in Het-Net. For R10, inter-tier interference coordination should be considered to decrease interference and improve spectrum efficiency further in Het-Net. Inter-tier interference coordination can be provided by several methods according to resource partition granularity. Considering complexity of measurement and information exchange, method applying large resource partition granularity should be studied with higher priority. The suggested priority is as below:
· Multi carrier method, the usage of component carrier is inter-tier coordinated.
· Single carrier method, the usage of subframe/subband is inter-tier coordinated.

· Single carrier method, the usage of PRB is inter-tier coordinated.

Since the interference level corresponds to specific scenarios, we propose research priority for each as following:

Maro-Femto deployment:
· Control channel interference of macro-femto
· Focusing on multi-carrier method. Study should focus on resource partition between macro-femto and femto-femto and whether resources can be overlapped or not. In order to do resource partition, new measurements may be needed for macro/femto/UE, and also new information may need to be exchanged, such as direction information, load information, and so on.

· Data channel interference of macro-femto

· High priority to multi carrier method. Information exchange between femto and macro is difficult since the backhauling can not be deployed by operators. The less resource partition granularity, the less information needs to be exchanged. Also spatial coordination can be used for data channel. Therefore, specific measurements and information may be introduced.
· Medium priority to subband method. Although multi-carrier method is used for control channel, data channel can be treated as a single carrier with cross-carrier schedule. Similarly, measurement and information needs to be studied.

· Low priority to PRB method. X2 based ICIC of R8 may be reused directly, while the metric to identify central user and edge user may need to be adjusted correspondingly.

Macro-Pico deployment:
· Control channel interference of macro-pico

· Interference level of macro-pico is much lower than macro-femto [3]. Without range expansion, there is almost no interference problem for control channel. However, if range expansion is used, control channel will be degradated greatly [4]. Thus, range expansion with control channel interference mitigation need to be studied.

· Subframe partitioning: with this method, data channel of the interferred subframe should also be muted. Therefore, frequency efficiency may be decreased.
· Multi-carrier method: with this method, we need to keep in mind the tradeoff between the performance improvement and control scheme complexity. 
· Data channel interference of macro-pico

· High priority to subband method.

· Low priority to PRB method.
2.2 Synchronization in Het-Net
In RAN4 R9, there are a couple of principle solutions for HeNB synchronization. But these solutions can only solve synchronization establishment issue. Complete synchronization control scheme includes synchronization establishment, synchronization maintenance and out-of-synchronization detection. All above need specification support. Therefore, we propose to study relative synchronization issue in RAN1 to support a complete and realizable solution. Furthermore, the current solutions in RAN4 R9 are designed for femto only. It is important to evaluate their capability in other scenarios.

So according to synchronization, our views are:

· Performance of solution in RAN4 needs to be evaluated, especially in some rigorous scenarios, e.g. indoor low power node.
· Solution and relative measurement for synchronization maintenance needs to be studied. Information of other tiers and close loop control solution may be needed. 

· Interference due to out-of-synchronization and solution of out-of-synchronization detection needs to be studied. Low power node should detect out-of-synchronization and recover synchronization in time.
2.3 Load Balance in Het-Net
There has been no specific discussion about load balance. In order to improve the Het-Net performance, this must be an important item for study. Our views are:

· Triggering mechanism for load balance needs to be studied. It may be load, user outage, GBR traffic percentage, and so on.

· Method for load balance realization needs to be studied. Handover bias optimization is a direct way. Adjustment of this parameter may affect homogeneous network, and that needs to be evaluated. Besides, whether optimization is based on node or based on UE needs to be studied.
· Parameter optimization may cause new interference [4]. Hence, interference evaluation needs to be done for different optimization candidates. 

· Load balance between CSG cell and macro cell needs further study. Different from OSG cell, CSG cell can only provide limited service for non-CSG user. It should be evaluated whether interference is changed.
3 Conclusions

In this contribution, we outline our proposals on the heterogeneous networks further studies:

· Inter-tier interference coordination should be focused on, especially interference of control channel. Study priority of different scenarios are as following:
· Control channel interference of macro-femto: focusing on multi carrier method.

· Data channel interference of macro-femto: high priority for multi carrier method, medium priority for subband method, and low priority for PRB method.

· Control channel interference of macro-pico: focusing on interference with RE. Subframe method and multi-carrier method are two major schemes.
· Data channel interference of macro-pico: high priority for subband method and low priority for PRB method.

· Synchronization solution is not complete, and it needs further study even in RAN1.

· Performance of solution in RAN4 needs to be evaluated, especially in some rigorous scenarios, e.g. indoor low power node.

· Solution and relative measurement for synchronization maintenance needs to be studied. Information of other tiers and close loop control solution may be needed. 

· Interference due to out-of-synchronization and solution of out-of-synchronization detection needs to be studied. Low power node should detect out-of-synchronization and recover synchronization in time.
· Load balance may cause new interference, and needs to be jointly optimized with cell selection and interference control. Specific scheme needs to be designed for OSG cell and CSG cell separately.
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