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1 Introduction
In has been concluded in RAN1#61bis that dominant interference condition can be created when non-close subscriber group (CSG) users are in close proximity of closed femto eNBs. Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference in this scenario and hence, enhanced interference management is needed. Power control and time domain multiplexing (TDM) solutions are considered as baseline Rel 10 eICIC solutions, while frequency domain solution is not precluded. 
In this contribution, we analyse these three solutions. We first explain how TDM and power control solutions complement each other and then illustrate that frequency domain proposal is actually an optimization scheme for Rel 10 Carrier Aggregation (CA) framework. 

2 TDM and power control solutions 
2.1 Power control solution

The goal of applying power control at the HeNB is to minimize outage of the macro and non-CSG UE, while providing coverage to CSG UEs. There are a number of power control techniques that can be employed. Prior to RAN1 #62, the following power control techniques were considered:

· Power control based on strongest receiving power of  macro eNB at the HeNB

· Power control based on HeNB to macro UE pathloss estimate
· Power control based on SINR estimate at the  macro UE

High level overview of the power control techniques can be found in [2]. Analysis from [3] suggests that while power control alone can reduce outage in a macro network, significant system outage for the macro UE remains. The outage is approximately 17% for the best performing scheme under the system simulation assumption for dual strip apartment model from [4]. 

The power control solution is generally applicable to a scenario where closed HeNBs are deployed in a macro network. This technique does not apply to a case when open pico cells are deployed in a macro network. .
2.2 TDM solution 

In the time domain approach, backhaul based subframe partitioning procedure is utilized for eICIC. A set of subframes may be configured for use at both high power (macro) and low power (femto) nodes, while another set of subframes may be configured for exclusive use of low or high power nodes. Moreover, further partitioning among femto nodes may be possible. Figure 1 illustrates an example where all subframes are utilized by a macro cell and half of the subframes are utilized for a femto eNB. 
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Figure 1: Partitioning of resources (subframes) between macro and closed HeNB. Macro cell can use all of resources. Closed HeNB (femto) cell can only use ½ of resources. Improved DL control channel reliability is enabled for the macro UEs on subframes that closed HeNB is not utilizing. 

As it can be seen from Figure 1, for UEs in close proximity of close HeNB, interference characteristics could vary significantly from one subframe to the other. On a set of shared subframes among nodes, SINR could be very low, well below -8 dB, while on another set of subframes reserved for macro eNB exclusive use, SINR could be very good.
Operating under such conditions may have impact on the UE behaviour when performing:

· Radio link monitoring (RLM) procedure. Low SINR on a set of subframes can lead to radio link failure (RLF)

· Radio resource management (RRM). Low SINR on a set of subframes can lead to inaccurate RRM  

· Channel feedback. Expected large SINR fluctuations from on subframe to the other can lead to inaccurate channel feedback if measurements are not restricted to a single subframe

· Detection of PSS/SSS and PBCH. Under dominant interference from closed femto cells, UE needs to be able to detect macro cell physical identity and obtained broadcast channel information from the serving macro cell.

· Decoding of DL control and data channels. UE needs to be able to reliably decode DL control and potentially data channel under strong CRS interference
Figure 2 shows how the same technique for the purpose of enabling range expansion for load balancing can be applied for macro/pico scenario. In this example, pico cell can utilizes all resources and macro cell can use only half.  
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Figure 2: Partitioning of resources (subframes) between macro and pico eNB. Pico cell can use all of resources. Macro cell can only use ½ of resources. Improved DL control channel reliability is enabled for the pico UEs on subframes that macro cell is not utilizing. 

2.2.1
Resource (subframe) specific measurements

If the measurements are performed only on a subset of resources (subframes) that are configured to be protected from the dominant interference, uniform UE behaviour is ensured and RLM and RRM procedures are accurate and reliable. Figure 3 illustrates the concept of resource (subframe) specific measurements.
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Figure 3: Partitioning of resources (subframes) between macro and closed HeNB example. In order to ensure reliable RLM and RRM procedure, UE measurements could be perform only on selected subframes as configured by the network.  
Since the interference characteristics can change significantly from one subframe to the other, in order to ensure uniform UE behaviour in addition to subframe specific measurements for RLM and RRM, it is desirable that the channel feedback measurements are restricted to a single subframe. Subframe specific channel feedback provides eNB with more accurate channel state information 
2.2.2
Handling dominant interference for detection and decoding
In order to address reliable detection of PSS/SSS and decoding of PBCH and DL control and data channel, the UE receiver needs to be able to cope with the dominant interference from the CRS of the neighbouring cell. This scenario can, for example occur when closed HeNB are deployed in a macro network and the UE is not a member of the HeNB closed subscriber group, or when the UE is served by a pico eNB while receiving dominant interference from the macro eNB. 

There are a number of ways how to address dominant CRS interference. In some cases, detrimental interference from CRS can be avoided by configuration, or some some case, signalling can be utilized to mitigate the impact of strong CRS interference for DL control channels.  UE can also be able to suppress or cancel CRS interference, in which case there are no need for associated configuration restrictions, and/or  there is no need to standardize a signaling solution for any DL control channel.

Interference from PSS/SSS and PBCH can be avoided by configuring subframe offset and avoiding data scheduling in center 6 RBs. However, when subframe shift is not feasible, as it is the case of TDD systems, or for any other reasons is not desirable, UE receiver needs to be capable of suppressing dominant PSS/SSS and PBCH interference from the neighbouring cells. 

2.2.3
Benefiting from Power Control 

In order to maintain satisfactory receiver performance when suppressing dominant CRS or PSS/SSS and PBCH interference, it is desirable to bound the disparity of the received power between the serving cell signal and interfering neighbouring cell. Power control schemes described in Section 2.1 can serve this purpose. Simulation results from [5] show how macro UE outage can be virtually eliminated when power control method based on strongest receiving power of  macro eNB at the HeNB are utilized and conservative estimates for practical limitations of suppressing CRS, PSS/SSS and PBCH interference are also taken into account. 
Table 1: Macro UE outage with co-channel closed femto deployments; 20% of apartments with active closed femtos
	OUTAGE 
	Deployment 

	
	Macro + HeNB cluster; 35% of macro UEs inside HeNB cluster (apartment building) 
	Macro + HeNB cluster; 80% of macro UEs inside HeNB cluster (apartment building) 

	Without power control 
	24% 
	49% 

	With power control 
	14% 
	28% 

	With power control and RE +eICIC 
	~5%
	~10% 


3 FDM proposal 
The main idea behind FDM proposal to have different bandwidth allocation for the control region and the data regions. The reduced bandwidth for the control channels, such as PDCCH, PHICH and PCFICH, and the physical signals, such as synchronization signals and CRS can be utilized so that the control channels and physical signals utilized by two different eNBs can be made orthogonal. The rationale behind this approach is that: 
· Rel-8/9 UE access and operate on the reduced bandwidth without change

· Rel-10 UE access the reduced bandwidth as a Rel-8/9 UE, but may be scheduled over the entire bandwidth
This framework is illustrated in Figure 4. As it can be seen from the figure, the proposal basically splits the system bandwidth into two regions. One that can be used by Rel 8/9 UEs, and the other that can only be utilized by Rel 10 UEs.    
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Figure 4: Illustration of the FDM proposal.

Even though Rel 8 UEs operate normally, their peak rates are limited. Moreover, it needs to pointed out that the handover procedure will be impacted since every handover between different eNB power classes is essentially inter-frequency handover for Rel 8/9 UEs. Therefore, there would be significant impact on the Rel 8/9 UE battery consumption and mobility performance since inter frequency measurement gaps need to be configured [6]. For that reason, this proposal is more suitable as an optimization technique for the carrier aggregation based solution as it was originally presented  in [7] under CA agenda item. As such, this proposal can be reconsidered in later LTE releases.
Proposal 1: Do not consider FDM solution for Rel 10. 
Proposal 2: Consider FDM solution as an optimization technique for carrier aggregation based HetNet in Rel 11.
4 Conclusions

In this contribution, we described how TDM and power control solution complementing each other. Since for practical purposes, TDM and power control solution are sufficient to address dominant interference conditions, it is proposed not to consider FDM solution in Rel 10.
Proposal 1: Do not consider FDM solution for Rel 10.
Proposal 2: Consider FDM solution as an optimization technique for carrier aggregation based HetNet in Rel 11.
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