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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 the required 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 required signalling support for indicating the offset between CRS and PDSCH RE power in low power ABS.

In a companion contribution [2], we analyze furthermore potential issues concerning the use of low power ABS in HetNet scenarios consisting of macro cells and pico cells with CRE.

2 Signalling Support for CRS Interference Handling

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 [3]. 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 [5].
Conclusion: Informing a pico UE about a single CRS configuration of a dominant interferer via RRC signalling seems to be sufficient from event occurrence perspective.
2.2 MBSFN Subframe Patterns for CRS Interference Handling

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. 
Conclusion: A pico eNB informs connected UEs only about a single MBSFN subframe pattern for CRS interference handling. 
2.3 PDSCH Power Offset Indication

The PDSCH power offset has to be taken into account for CQI reporting from macro UEs and during PDSCH reception at macro UEs. 

2.3.1 CSI Reporting in Macro Cell

The current specification supports UE specific power offsets between CRS and PDSCH REs for transmission schemes with CRS‑based demodulation. This offset is semi-statically configured and valid for all subframes. In case of macro cells with low power ABS, different PDSCH power offsets are used for different subframe patterns. Therefore, we identify the following options for CSI reporting:

Option 1: The macro UE is informed only about a single power offset value independent of the subframe type (ABS or non-ABS). The advantage is that only a single CSI report would be required on macro eNB side. Since the eNB knows about the power offset on the different subframes, it can adapt the reported CQI accordingly. The eNB could also schedule UEs just in subframes with a power offset corresponding to the power offset assumed on UE side. Different power offsets could basically be signalled to different macro UEs, allowing for UE specific PDSCH power settings. This means that although each UE would just be scheduled in a certain subframe set, all subframe sets can be used by scheduling different UEs (with different PDSCH power settings) on different subframe sets.
Option 2: The UE is informed about different power offsets corresponding to different CSI measurements. The straightforward approach would be to link two power offset values to the two subframe sets for CSI reports currently supported by the specification. With this approach, the UE can report different CQI values for different subframe patterns to the macro eNB. This approach provides high flexibility for the scheduler since each UE could be scheduled in each subframe without performing CQI adjustments in the eNB. 

Conclusion: It should be discussed which degree of flexibility and accuracy is required for CSI reporting from macro UEs and whether the macro UEs should be informed about different PDSCH power offsets taking into account potential reporting overhead. 

2.3.2 PDSCH Transmission in Macro Cell

For CRS based reception of a PDSCH using QAM as modulation scheme, the UE has to know the power offset between CRS and PDSCH REs. Following options can be considered for the operation of macro cells with low power ABS patterns:

Option 1: A single semi-statically configured power offset per UE is applied; it would be assumed for all PDSCH transmissions to that UE. It is then responsibility of the eNB to schedule PDSCH transmissions for that UE only with the same power offset, which means that only a certain subframe set can be used for each individual UE. Otherwise, the eNB would have to compensate for any deviation from the UE assumed PDSCH transmit power.
Option 2: Different power offsets are semi-statically configured per UE, and each power offset is associated to a certain subframe set (ABS and non-ABS) as for example proposed in [4]. This would enhance flexibility of the eNB scheduler and management in terms of downlink resource allocation. ABS subframe ratio is transparently operated in Release 10 enhanced inter-cell interference coordination (eICIC). 
Option 3: The power offset is dynamically indicated for each PDSCH transmission. Similar to Option 2, this offers a high flexibility concerning the downlink resource allocations. This approach could offer even more flexibility taking into account the possibility to support more than two power offsets and precoder dependent use of power reduction for a single UE. However, the signalling overhead would have to be discussed. Although the use of reduced power ABS basically relaxes the sensitivity of the system performance on the ABS subframe ratio, it still would be useful to support dynamic changes of the ABS ratio in a macro cell. This corresponds to the observation already mention above in Section 2.2. The dynamic indication of the PDSCH power offset could be in such a case quite beneficial due to the supported high degree of flexibility.
Conclusion: Further discussion is needed regarding the question which degree of flexibility should be supported for PDSCH power allocation. 
3 Conclusion

We discussed in this contribution different aspects regarding the signalling support for CRS interference handling for low or zero power ABS in HetNet scenarios. The conclusions can be summarized as follows:

· Informing a pico UE about a single CRS configuration of a dominant interferer via RRC signalling seems to be sufficient from event occurrence perspective.
· A pico eNB informs connected UEs only about a single MBSFN subframe pattern for CRS interference handling.
· It should be discussed which degree of flexibility and accuracy is required for CSI reporting from macro UEs and whether the macro UEs should be informed about different PDSCH power offsets taking into account potential reporting overhead. 

· Further discussion is needed regarding the question which degree of flexibility should be supported for PDSCH power allocation. 
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