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1 Introduction

The concept of non-zero transmit power ABS has been proposed at RAN1 as an efficient means for inter-cell interference coordination (ICIC) in HetNet scenarios consisting of macro and pico cells with cell range expansion (CRE). Comprehensive performance studies have shown that the optimum PDSCH power reduction in ABS approximately corresponds to the CRE bias. 

Rel-10 enhanced inter-cell interference coordination (eICIC) based on ABS subframes without PDSCH transmissions could be performed in transparent manner (macro UEs do not need to know about ABS patterns). In contrast to that, to use low power ABS (LP-ABS) as an efficient means for Rel-11 further enhanced inter-cell interference coordination (FeICIC) cannot be performed in transparent manner anymore since macro UEs scheduled in LP-ABS have to know the PDSCH power level in case of CRS based transmissions. The question is now whether (and if so, how much) additional signalling is required for macro UEs in order to efficiently facilitate the concept of LP-ABS.

Following has been discussed as a possible working assumption during RAN1#68 [1]:

· Ratio of PDSCH EPRE to RC EPRE value for the reduced power ABS is configured with higher layer signalling at least for TM 1 to 6

· FFS: TM 7 to 9

However, there has not been an agreement so far since RAN4 is currently also discussing the impact of PDSCH power reductions of up to 9 dB in low power ABS.

In this contribution, we provide our views on the required signalling support for indicating the offset between CRS and PDSCH RE power in low power ABS for CRS based transmission schemes. The discussion addresses both PDSCH reception and CSI measurement related issues.
In a companion contribution [2], we furthermore address the important issue of signalling support for CRS interference handling in low power ABS.  In that contribution we discuss the indication of CRS configurations and MBSFN pattern in detail. The issue of different cyclic prefix lengths is furthermore addressed. The discussion in [2] addresses the signalling enhancements for macro UEs in HetNet scenarios while the contribution at hand addresses the signalling support for pico (interference victim) UEs.
We furthermore discuss the impact of modulation restrictions in low power ABS and different approaches for handling that issue in another companion contribution [3]. 
2 Discussion

2.1 PDSCH Reception 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. The current specification supports the indication of two power offset values for CRS bearing OFDM symbols and OFDM symbols without CRS, respectively. These power offsets are semi-statically configured and apply for all subframes. The introduction of a subframe set with reduced PDSCH transmission power requires an adequate adaptation of the signalling for power level indication. It has to be discussed how much additional signalling would be required, taking into account both signalling overhead and supported scheduling flexibility. 
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.

This strategy can be applied easily without requiring changes in the specification. It is however not clear how the overall system performance would be affected since each UE could just be scheduled on limited set of subframes. This might result in inefficient utilization of resource in case of small numbers of active UEs with high traffic load, which could occur rather often in case of bursty traffic characteristics. A further disadvantage could be that retransmissions could also just be scheduled in a limited set of subframes. 
Option 2: Different power offsets between PDSCH and CRS REs are semi-statically configured per UE, and each power offset is associated to a certain subframe set (regular subframes and LP-ABS). This would significantly enhance flexibility of the eNB scheduler and management in terms of downlink resource allocation. All macro UEs could be scheduled in all subframes, including retransmissions of erroneous PDSCHs in different subframe types.

This approach provides a reasonable extension of the current existing PDSCH power offset indication by RRC signalling. The current signalling would be enhanced in a way a certain power offset is only valid for a certain subframe set. An open question is here how dynamic changes of the LP-ABS ratio (ratio between LP-ABS and regular subframes) would be handled. It has to be discussed how often these changes are expected to occur (especially in case of burst traffic) and whether reconfigurations of the linkage between certain subframe sets and PDSCH power offsets can be performed sufficiently fast on RRC level.
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. The dynamic indication of the PDSCH power offset could be in such a case quite beneficial due to the supported high degree of flexibility. Note that the PDSCH power offset itself does not necessarily have to be indicated explicitly in the PDCCH with this approach. It could be combined with Option 2 where multiple different offsets are indicated; which offset to use in a certain subframe could then be indicated in the PDCCH. Only one additional DCI bit would be sufficient in this case.
Based on the above discussion we draw following conclusions regarding the PDSCH power offset indication:

· Proposal 1: A second PDSCH power offset should be defined in addition to the already existing RRC parameter. The power offset should be linked to a certain indicated subframe set.

· Proposal 2: The benefits of an additional dynamic indication for the PDSCH power offset for supporting dynamic changes of the LP-ABS ratio should be discussed in RAN1.

2.2 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 LP-ABS, different PDSCH power offsets would be 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 PDSCH power offset value independent of possibly defined CSI measurement sets. 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. However, as already described under Option 1 for the PDSCH reception in Section 2.1 (no additional indication of second PDSCH power offset for PDSCH reception), this might result in inefficient resource utilization in case of small numbers of active UEs with high traffic load.
Option 2: The UE is informed about different PDSCH power offsets linked to different CSI measurement sets The measurement sets were already defined for Rel-10; the extension would be here the linkage to a certain PDSCH power offset assumption for each measurement set. With this approach the UE can report different CQI values for different subframe patterns to the macro eNB. It provides high flexibility for the scheduler since each UE could be scheduled in each subframe without performing CQI adjustments in the eNB which is expected to be beneficial especially in case of scenarios with bursty traffic where is very likely that a macro UE has to be scheduled on both subframe types (regular and LP-ABS). It is furthermore expected that the CQI determination on UE side will be more accurate than deriving the CQI for an LP-ABS on eNB side based on CQI reports for regular subframes as it would be required in case of CQI reporting for a single PDSCH power offset if macro UEs should be scheduled on all subframes. This approach is expected to be most beneficial if the CSI measurement patterns of macro UEs are aligned with semi-statically configured LP-ABS patterns (as described in Option 2 in Section 2.1) in the serving cell.
Based on the discussed advantages and drawbacks of the different options for CSI reporting in macro cells with LP-ABS we draw following conclusion:

· Proposal 3: Each CSI measurement subframe set (as defined in Rel-10) should be linked to a certain PDSCH power offset for CRS based PDSCH transmissions.

3 Conclusion

In this contribution, we provided our views on the required signalling support for indicating the offset between CRS and PDSCH RE power in low power ABS for CRS based transmission schemes. We discussed the signalling for both PDSCH reception and CSI measurement on UE side. Based on the analysis of benefits and drawbacks of different options we propose the following:

· Proposal 1: A second PDSCH power offset should be defined in addition to the already existing RRC parameter. The power offset should be linked to a certain indicated subframe set.

· Proposal 2: The benefits of an additional dynamic indication for the PDSCH power offset for supporting dynamic changes of the LP-ABS ratio should be discussed in RAN1.

· Proposal 3: Each CSI measurement subframe set (as defined in Rel-10) should be linked to a certain PDSCH power offset for CRS based PDSCH transmissions.
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