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1.  Introduction
In preparation to the current RAN3 meeting #75bis, different solutions for the DL interference scenario have been captured in the report of the offline e-mail discussion [1], together with their evaluation according to selected criteria. It is expected that at the upcoming meeting the evaluation will be further discussed and refined, and proposals for enhancements will be selected as candidate for standardization in RAN3.
In this contribution we further analyze some of the proposals, showing the benefits of our preferred enhancements and draw some conclusions in that regard, with recommendation for standard changes.

2. Analysis and discussion
With reference to the solution description captured in [1] and to the evaluation summary, we further discuss here a few aspects for the DL interference scenario.
2.1 Proactive vs. Reactive approaches
The solutions presented so far follows two different approaches: solution 1 (Interference indication and loading information for data and control channels) is reactive to changes of the interference situation, while solution 2 (pre-configuration of protected resources) and 3 (exchange of information about configuration of protected resources) follow more a proactive approach. 

A key element of the proactive approach is in guarantee that a protected resources are made available (the eNBs just need to know about their configuration), which ensure handling of DL interference situations. Both static and adaptive options are possible, the last one offering a better alternative to possibly adjust the amount of protected resources to the need for interference mitigation – a similar approach has been already specified in Rel-10 for TDM-ICIC to cope with interference in heterogeneous deployments. The reactive approach instead tries to adapt to the situation upon a perceived interference problem and requires first to detect the DL interference and then to react with reconfiguration or resource re-allocation. In this case there is however no guarantee that eventually the interference could be mitigated in HetNet deployments, as no protected resources are configured for that. Furthermore, the accuracy and reaction speed will be dependent from detecting first the problem. 

The proactive approach seems therefore more suitable, given that in HetNet deployment there are clearly situations where DL interference is prohibitive if not mitigated and resource protection is necessary.
Conclusion 1: Proactive approach, in which resources protected from interference are configured in the heterogeneous network, is more suitable and highly beneficial for DL interference carrier-based ICIC case.
2.2 Static vs. Adaptive mechanisms
For the configuration of protected resources, a simple approach is presented in solution 2, whereby the configuration is realized via O&M and informed to the different nodes. This solution provides a basic mechanism but, compared to adaptive mechanisms in which the exchange of information is realized via signaling (similar to what was adopted in rel-10 TDM-ICIC), has some shortcomings. One of the main points in this regard is the fact that loading of the network and the distribution of the users between macro and pico cells change with time and a static approach would therefore lead to constraints in the system performance – by adjusting instead the system configuration to the actual situation, better performance are achievable, for a higher effectiveness in mitigating the interference.  
Additional advantages of an adaptive approach lie in the simplified operations, as the network can automatically put in place the desired configuration and explores adjustment in power and/or frequency resource allocation, based on the need of the particular deployments. Moreover, interoperability is this way easily ensured by the standardized signaling exchange and does not require interfacing across different vendors in the O&M domain.
Conclusion 2: While static configuration of resources protected from interference could be considered as basic mechanisms to realize carrier-based ICIC in HetNet, adaptive mechanisms are preferred to ensure higher effectiveness in interference mitigation, easier operations and configuration, and potentially better performance.

2.3 Further insights: data and control regions
Following on conclusions 1 and 2, it emerges that solution 3 as described in [1] seems to offer the highest potential for designing a carrier-based HetNet ICIC assistance mechanism in RAN3. We focus therefore the remaining of the paper on this option and look at the enhancement alternatives listed for the data region (A) and for the control region (B). 

2.3.1 Signaling for data region

The current specification already includes the Relative Narrowband Transmit Power IE (RNTP) in the Load Information message in X2-AP [3] to exchange information about transmit power of PRBs used for data channels. The mechanism was designed for homogeneous deployment and does not take into account that cells of very different power can be deployed side by side like in HetNet. In that case in fact the protection of resources would need to consider what power level is safe for the low power cell: it seems therefore beneficial to enhance the current mechanisms to also cope with HetNet, i.e. adopt option A2 (enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive a report about) as proposed in [2] or option A3 (enable an eNB to send the recommended transmit power and/or expected power reduction to another eNB), rather than option A1 (no enhancements). 

Conclusion 3: It is beneficial to enhance the RNTP mechanism for data region information exchange to realize a consistent resource protection between macro and low power cells in HetNet deployments. 

In this regard we prefer option A2, whereby the low power cell indicates what information likes to receive (similarly to what done in Rel-10 for TDM-ICIC) rather than requesting the macro for a power reduction like described in option A3. 
2.3.2 Signaling for control region

Currently no mechanisms is specified to exchange information about protected resources for the control region and three options have been proposed for this in [1] to inform the low power cell about what carrier provides protected resources. The main difference among them seems in the O&M involvement, and in the role of the macro eNB, but overall the three options seem very close to each other. 
In case an adaptive mechanism is selected, it seems that there will be the need to have some basic set of protected resources consistently configured across eNBs, on top of which adjustments (to different loading or interference situation) could be made with some larger degree of freedom. 
Conclusion 4: It is beneficial to extend the existing mechanisms to also cover the information exchange about protected control region. The O&M intervention, if necessary, could be limited to macro cells to simplify operations and signaling over X2-AP is then used to inform low power cells.
3.  Conclusion

In this contribution we analyzed some the key points of solutions proposed to cope with DL interference for carrier-based ICIC in HetNet scenarios. Based on the summarized conclusions, it is proposed that RAN3 focuses on proactive approaches with adaptive mechanisms for data and control regions:
Proposal: RAN3 should focus further discussions on proactive approach with adaptive mechanisms and recommend solution 3 for the DL interference scenario in the TR, with the following mechanisms: 
·    RNTP reporting mechanisms for data region is extended by enabling an eNB to indicate to another eNB the RNTP threshold it likes to receive RNTP a report about
·    Information about the configuration of protected PDCCH carrier component(s) is exchanged among eNBs. A set of preferred carrier component(s) is configured in the macro cells and the selected configuration is informed via X2 interface to the low power cells. 
·    A message exchange framework similar to what defined for TDM ICIC is adopted for carrier-based HetNet ICIC DL interference mitigation
In case these proposals can be agreed, Qualcomm is willing to provide a text proposal for the TR.
4. 
References

[1]  R3-120483, “Carrier-based HetNet ICIC: solution description for the DL scenario”, Qualcomm Incorporated (rapporteur).

[2]   R3-113022, “Carrier-based HetNet ICIC for DL interference scenario”, Qualcomm Incorporated

[3]   3GPP TS 36.423, “X2 application protocol (X2AP)”
PAGE  
2/3

