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1 Introduction
We have proposed in [1] time domain multiplexing (TDM) extension to Rel 8/9 inter cell interference coordination (ICIC) mechanism, which enables interference management for both DL data and control channels.  In [2], we examine the benefits of the TDM partition on DL control channel reliability, while in this contribution the focus is on the data channel and associated signalling extensions.
2 TDM extension for Rel 8/9 ICIC
We have shown in [1] that a simple extension of Rel 8/9 ICIC techniques, which  includes 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 [3]. 

This approach is fully backward  compatible, since all the legacy signals and channels are transmitted as in Rel 8/9. In order not to negatively impact on Rel 8 UEs, cooperative scheduling results in creation of almost blank subframes [8]
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[9]. In these subframes, PSS/SSS are transmitted at the nominal power in all cells at each occurrence, PBCH is transmitted at nominal power and CRS is transmitted at nominal power in each subframe in all corresponding OFDM symbols. 

PCFICH/PHICH/PDCCH/PDSCH are transmitted based on the cooperative scheduling decisions that conform to the negotiated pattern and UL channels are transmitted based on scheduling decisions and configuration . 

Figure 1 illustrates a subframe resource split that enables increased footprint for low power (pico) nodes. In this particular example, low power nodes can use all resources while macro nodes can use only half. 
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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 all resources. Increased footprint is enabled for low power nodes. 

The resource partitioning scheme illustrated in Figure 1 is only one example that facilitates increased footprint for the low power nodes. Other partitioning examples are certainly be possible and it would be up to the network to utilize optimum partitioning. Depending on the load in the network, one possible setting could be no partition, that is, full reuse of resources. How different partitioning configurations can be achieved is discussed in more detail in Section 3.
2.1 Measurements and channel feedback for TDM Rel 8/9 ICIC extension

Interference can vary significantly under partial loading conditions even 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 even be a single cell. When the interfering eNBs (cells) are transmitting data, UE’s 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 (RLF). 

However, if the increased footprint techniques are utilized, interference can vary significantly more. The SNIR on the resources (subframes) that receive dominant interference, SNIR may be so low that UE may not be able to perform accurate RSRP measurements. For example, RSRP measurements may be inaccurate if performed on subframes that experience dominant interference from the PDSCH REs. But, if the dominant interference is experienced from the cell with colliding CRS as the serving cell, UE may as suggested in [4][5], perform CRS interference cancellation and utilize improved SNIR for more accurate RSRP measurements. However, the dominant interference may not always occur from a cell with a colliding CRS with a serving cell.
Moreover, radio conditions could be so bad that if they were accounted in the radio link monitoring (RLM) procedure, UE would declare RLF. 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 RLF when SNIR on the DL control channel BLER increases above 10% , which roughly translates to SNIR of approximately –6 to – 8 dB. The collected statistics corresponds to the system simulation results presented in [2] referred to “Biased 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 RLF. 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 RLM procedure would declare RLF. 

For that reason, we propose that the network 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. Note that in addition to improving RSRP measurement accuracy, configuring a set of resources to perform measurements can also benefit RSRQ reporting. The resources for RSRQ measurements can be configured to better reflect radio conditions at the UE after inter cell interference coordination is accounted for. RS interference cancellation capable UE  [4][5] would also cancel RS from the cells that do not schedule data traffic on the resources configured for measurements
. In both cases, reported RSRQ would better reflect radio conditions at the UE when the data traffic is received.    

 Proposal 1: UE performs RRM measurements on a set of subframes signalled by the network.

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

As indicated above, interference can vary significant from one subframe to the other for the 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 [6], but it needs to be enforced with the corresponding test in [7]. Similarly as in case of RSRQ measurements, when reporting channel feedback, RS interference cancellation capable UE would also be able to cancel RS from the cells that do not schedule data traffic on the configured resources for the channel feedback and therefore provide more accurate channel state information to the eNB
.
Proposal 3: Channel feedback measurements are restricted to a single subframe.
The concept of resource based channel feedback is useful is all scenarios where interference is expected to vary significantly from one resource to the other. In addition to HetNets, interference is expected to vary significantly from resource to resource in case of cooperative multi-point transmissions as well. In that regard, the concept of resource based channel feedback is not only useful for HetNets, but also be applicable for cooperative transmissions and advanced antenna techniques.
3 Semi-static and adaptive ICIC

In this section, we go more into the details on necessary signalling extension to support adding TDM component into Rel 8/9 ICIC procedure.

In general, in our view, UE only needs to be aware of subframe partitioning configuration that impacts RRM measurements and RLM procedure. We can refer to this partitioning as semi-static, since due to the requirement for the signalling to the UE, reconfigurations cannot be expected to be very frequent. They would be on the same order or magnitude as the changes in the system information, therefore not very frequent. 
However, only fraction of the resources would need to be partitioned in a semi-static manner. The remaining resources can be partitioned in a more adaptive fashion. Figure 3 illustrates a case where 25% of subframes are assigned to a macro eNB and 25% of subframes are assigned to a pico NB in a semi-static manner.  UEs are basically signalled that on those subframes, there is protection from the dominant interference and UE can utilize those resources for RRM measurements and RLM. For the remaining 50% of resources, UE cannot make any assumption. UE needs to be ready for data reception on any of these subframes, at any time. We can refer to this type of partitioning as adaptive, since new configuration can take effect very quickly and need not be signalled to the UE. Even thought, new configuration can take effect very quickly, frequent signalling on the backhaul is not a requirement, but  rather only a possibility. Macro and pico eNBs could negotiate exclusive use of these resources, or as illustrated in Figure 3, they could both use these resources simultaneously. 
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Figure 3: 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. 

Obviously, it is only necessary to configure protected subframes for the nodes for which the network wants to enable increased footprint. As shown in Figure 4, it is certainly possible for both eNBs to utilize all resources and enable quick reconfiguration that enables increased footprint. It is only necessary that a fraction of resources is semi statically configured for RRM and RLM. As soon as increased footprint is desired, after quick backhaul signalling performed, resources on the neighbouring eNB can be freed up to enable increased footprint. 
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Figure 4: Partitioning of resources (subframes) between macro and pico cells. Macro cell and low power (Pico) cell can use all resources, where 25% of resources in both cells are semi-statically configured for RRM and RLM. 
4 Conclusions
In this contribution, we provided our views on data channel ICIC. We described how semi-static and adaptive partition complement each other and how they can be used to quickly and flexibly achieve any partitioning configuration. 

In addition , measurements and feedback extensions for Rel 10 UEs are discussed. It is proposed that:
Proposal 1: UE performs RSRQ and RSRP 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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� Requires network signaling to the UE.


� Requires network signaling to the UE.
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