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1 Introduction
Enhanced interference management for Heterogeneous Networks (HetNets) have been added to the list of LTE-A work items in Rel 10 [1]. In [2], we illustrated the potential for capacity and user experience improvement if methods for increasing footprint of low power nodes are enabled and enhanced interference management techniques are utilized. In this contribution, we go over the baseline enabling mechanisms.  
2 Measurements and feedback extensions 
We have shown in [3] that a simple extension of Rel 8/9 ICIC techniques that includes the time domain component (subframe partitioning) can be used to effectively increase the footprint of low power nodes and enable significant capacity enhancement as shown in [2]. Figure 1 illustrates a subframe resource split that enables increased footprint for both high power (macro) and low power (pico) nodes, where subframe resources are equally split. 
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Figure 1: Partitioning of resources (subframes) between macro and pico cells. Macro cell can use ½ of resources. Low power (Pico) cell can use ½ of resources. Increased footprint is enabled in both directions. 
Interference can vary significantly under partial loading conditions in Rel 8/9 networks comprised of macro eNBs only. This is due to the fact that for many UEs, dominant part of the interference is received from only a few cells. For a large number of cases, it could only be a single cell. When the interfering eNBs (cells) are transmitting data, UEs SNIR is low. When they are not transmitting data, UE's SNIR can be high. But, regardless whether interfering eNBs are transmitting data or not, SNIR is sufficiently high so that the UE reliably receives control and therefore does not declare radio link failure. 

However, if the increased footprint techniques are utilized, interference can vary significantly more. The SNIR on the resources (subframes) that are interfered with dominant interfering eNBs can be so low that UE may not be able to perform accurate RRM measurements. Moreover, radio conditions could be so bad that if they were accounted in the radio link monitoring procedure, UE would declare radio link failure. Figure 2 illustrates the serving cell geometry and decoding C/I comparison when increased footprint of low power nodes is enabled and the geometry is still restricted to -18dB or higher. For comparison, UE declares radio link failure when SNIR on the DL control channel reaches approximately –6 to – 8 dB. The collected statistics corresponds to the system simulation results presented in [2] referred to “Fixed Bias RSRP, IM“ UE association, which corresponds to the case when increased footprint of low power nodes is enabled. 
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Figure 2: Serving cell geometry and decoding C/I for the scenario when increased footprint of low power nodes is enabled. 

As it can bee seen from Figure 2, when increased footprint of low power nodes is enabled, large percentage of UEs would declare radio link failure. That is because UE averages out radio conditions across all the subframes in order to estimate resulting radio link quality for the DL control channel. Therefore, as it can be seen from the decoding C/I values from Figure 2, even though large fraction of UEs experiences high SNIR on the scheduled resources and therefore have reasonably high throughput, they would still not be able to communicate with that cell since the radio link monitoring procedure would declare radio link failure. For that reason, we propose that eNB signals to the UE a set of subframe resources suitable for measurements and the radio link monitoring procedure when operating under dominant interference in the increased footprint mode. 
Proposal 1: UE performs measurements on a set of subframes signalled by the network.
Proposal 2: UE performs RLF procedure on a set of subframes signalled by the network.

As indicated above, interference can vary significant from one subframe to the other for UEs that require increased footprint. In order for the network to have reasonably good estimate of the radio conditions for the subframes eNB intents to transmit data to the UE, it is necessary that the channel feedback is restricted to a single subframe. This is actually in line with the current definition of the CQI resource in [4], but it needs to be enforced with the corresponding test in [5].
Proposal 3: Channel feedback measurements are restricted to a single subframe.

3 Conclusions
In this contribution, we provided our views on the measurement and feedback extensions for Rel 10 UEs. We propose that:
Proposal 1: UE performs measurements on a set of subframes signalled by the network.

Proposal 2: UE performs RLF procedure on a set of subframes signalled by the network.

Proposal 3: Channel feedback measurements are restricted to a single subframe.
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