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1 Introduction
It has been agreed during RAN1#67 [1] that the handling of CRS interference requires information on number of CRS antenna ports and v-shift (RE position) given by the cell ID of the neighbouring macro cells that generate dominant interference to pico cells with cell range expansion (CRE) in HetNet scenarios. Additionally, further information on the set of subframes with interferer CRS is required.

It has furthermore been agreed that reduced non-zero transmit power on downlink unicast control and data transmissions in ABS are needed in order to achieve performance gains with CRE bias values of up to 9 dB. 

In this contribution, we discuss signalling regarding notification of CRS configuration and subframe patterns for CRS interference handling in HetNet scenarios in order to support efficient TX or RX based CRS interference handling strategies. Additionally, we also discuss the case of different cyclic prefix lengths in macro and pico cells.

In a companion contribution [3], we discuss the crucial issue of required signalling for low power ABS regarding PDSCH power offset indication. That contribution focuses on the signalling for macro UEs while the contribution at hand addresses the signalling support for interference handling in pico UEs.

We furthermore discuss the impact of modulation restrictions in low power ABS and different approaches for handling that issue in another companion contribution [4].

2 Discussion
2.1 CRS Configuration of Macro Cell

In case of TX strategies, the information about the CRS configuration is essential for both pico eNB and pico UE (interference victim) in order to perform the rate-matching around CRS REs. In case of RX strategies, information about the CRS configuration is very beneficial in order to avoid blind estimation of CRS positions. 
One critical issue regarding the CRS configuration is how often reconfiguration occurs in case a pico UE is moving close to the edge of two neighbouring macro cells. The UE has to be informed about the CRS configuration of the interfering cell. Since CRS interference handling is only required for UEs making use of CRE, the need for reconfigurations strongly depends on how the CRE bias is used for different macro cells overlapping the same pico cell. There are basically two options:

Option 1: A single CRE bias is used for all macro cells overlapping the pico cell. The CRS configuration has to be updated then in case the dominant interferer changes due to UE mobility within the “CRE region” where a UE is associated to the pico cell due to the CRE bias.
Option 2: The CRE bias can be differentiated among macro cells overlapping a pico cell meaning that a specific value can be used for a specific macro cell. Assuming that special CRS interference handling for pico UEs is only required if they are located within the CRE region, the pico cell has to support CRS interference handling only for a single CRS pattern. A CRE bias region of a pico cell is always connected to a single dominant interfering macro eNB. Especially the possibility of using CRE only for a single macro cell should be taken into account.

Examples for both options are shown in Figure 1 and Figure 2 respectively. Option 2 has the advantage of allowing load balancing and required inter-cell interference coordination (ICIC) independently for the different macro cell areas. It has been shown that the optimum ABS power reduction is determined by the CRE bias setting of the pico cells which basically results in the following: If the CRE bias of a pico cell is the same for two or more macro cells, it would also couple the optimum downlink power level settings (and ABS ratios) of both macro cells and therefore increase the radio resource management complexity within the network. Our observation is that the need for interferer CRS pattern reconfigurations is very small if Option 2 is applied with using CRE only in combination with a single macro cell. 

It also has to be kept in mind that the benefit of using CRE bias for pico cells at the macro cell-edge is anyway questionable since even with CRE bias they cover already a rather large area [5]. Our conclusion is therefore that the change of a dominant interferer (macro eNB) for pico UEs within the CRE range is in general a rather unlikely event from system perspective. The probability that a UE at a random position performs a handover between a certain macro cell and the pico cell with CRE (e.g. left half of the outer circle in Figure 1) is much higher than the probability that a random UE moves from one macro area into the other macro area within the CRE region of the pico cell (macro cell separation between inner and outer pico cell circle in Figure 1). The general observation is here that the event of switching the CRS interference handling ON or OFF (independent of using RX or TX based strategies) would occur much more often than a change of the CRS configuration that has to be handled. Therefore, it would be sufficient to inform the UE via RRC signalling about a single CRS configuration.
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Figure 1: HetNet scenario with pico cell at macro cell edge; same CRE bias for both macro cells
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Figure 2: HetNet scenario with pico cell at macro cell edge; CRE bias only for one macro cell

It has to be noted that both options described above are basically supported by the current RRC specification [6].

Proposal 1: Informing a pico UE about a single CRS configuration (ports and v-shift) of a dominant interferer via RRC signalling is sufficient considering the likelihood of events of changing dominant interferers.
2.2 MBSFN Patterns of Macro Cell
In addition to the CRS configuration (number of antenna ports and v-shift), the pico UE also has to know for which subframes the rate-matching or RX based strategies have to be employed. This should correspond to the pattern of non-MBSFN subframes of the dominant interfering macro cell since MBSFN subframes do not contain CRS within the PDSCH region which means that rate-matching or RX based strategies (e.g. interference cancellation) would not be required here. Especially the use of rate-matching in subframes where it is not required would yield an unnecessary loss of spectral efficiency.

Considering a scenario with pico cells overlaid by two or more neighbouring macro cells, the following options are possible, which is basically aligned with the two options described in Section 2.1 regarding the CRS configuration.

Option 1: A pico eNB informs connected UEs about multiple subframe patterns for CRS interference handling, each associated to a single interfering macro cell that overlaps the pico cell area. These CRS interference handling subframe patterns should match the non-MBSFN patterns of the individual macro cells.

Option 2: A pico eNB informs connected UEs only about a single subframe pattern for CRS interference handling. 

Corresponding to the discussion of CRS configuration in previous section, our assumption is that the reconfiguration of subframe patterns for CRS interference handling is rather unlikely if it just has to be aligned with the MBSFN pattern of a dominant interferer, meaning that Option 2 would be sufficient. 
Proposal 2: A pico eNB informs associated UEs only about a single MBSFN pattern to support CRS interference handling. 

2.3 Cyclic Prefix Length in Macro and Pico Cells

It can be expected that the case of different cyclic prefix (CP) lengths in macro and pico cells is a rather unlikely scenario. The benefits that could be expected from applying different length for the CP would probably not be sufficient to justify the increased required complexity regarding CRS interference handling for both RX and TX based strategies based on interference cancellation and rate-matching, respectively.
Proposal 3: Rel-11 further enhanced ICIC should address just scenarios with same cyclic prefix (CP) length in aggressor and victim cells (e.g. macro and pico cells).  No additional signalling support is required.
3 Conclusion
We discussed in this contribution signalling support for CRS interference handling in HetNet scenarios consisting of macro and pico cells with CRE bias. Based on presented observations and the discussion of different options, we have drawn following conclusions:
Proposal 1: Informing a pico UE about a single CRS configuration (ports and v-shift) of a dominant interferer via RRC signalling is sufficient considering the likelihood of events of changing dominant interferers.
Proposal 2: A pico eNB informs associated UEs only about a single MBSFN pattern to support CRS interference handling. 

Proposal 3: Rel-11 further enhanced ICIC should address just scenarios with same cyclic prefix (CP) length in aggressor and victim cells (e.g. macro and pico cells). No additional signalling support is required.
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