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1. Introduction
System performance evaluations on FeICIC with ABS in macro-pico scenarios showed that reduced (non-zero) power ABS could provide additional performance benefits to zero-power ABS. Therefore, RAN1 concluded [1]: 
· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signaling is FFS
In this contribution, details on signalling for reduced power ABS are discussed. 
2. Discussion
Downlink power allocation
Downlink power allocation on OFDM symbols carrying PDSCH is described in subclause 5.2 [2], and refers to specifying UE-specific ratios of PDSCH EPRE to CRS EPRE for OFDM symbols without CRS (A) and for OFDM symbols including CRS (B), respectively. These two parameters can be used for re-distributing power among PDSCH and CRS resources (RE power boosting) as well as for downlink inter-cell interference coordination. An eNB that transmits unicast PDSCH with reduced power may via X2 send an RNTP report to neighbor cells indicating minimum power reduction on certain RBs relative to a reference level. As in the case with A and B, the RNTP report applies to all subframes. Hence, in order to support reduced power ABS there is a need to allocate downlink power differently in different subframes.
Figure 1 illustrates two ways of extending the downlink power allocations to accommodate for different power reductions on unicast PDSCH resources in different subframes. In figure 1 a), a power offset PDSCH is introduced to determine a relative power reduction on unicast PDSCH with respect to both A and B. In figure 1 b) an additional set of  parameters (’A and ’B) is introduced to control the downlink power allocations in reduced power ABS specifically. The approach b) thus allows for different power settings in OFDM symbols with and without CRS, which could be used to separately control the inter-cell interference towards neighbor OFDM symbols with and without CRS. As also illustrated in this figure, power reduction applied on unicast PDCCH (PDCCH) and on unicast PDSCH are not necessarily the same. In contrast to PDCCH the power allocations on PDSCH with respect to CRS/CSI-RS need to be known by a UE as discussed next.
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Figure 1 Downlink power allocations for reduced power ABS
Signalling support for reduced power ABS

In order to demodulate PDSCH transmissions based on higher order modulation schemes as well as deriving CSI feedback properly, the transmit power differences between resources carrying PDSCH and reference signals need to be known by the UE. In the case of reduced power ABS, the UE also needs to know the particular power ratios used in the transmission when receiving assignments. At least two options to indicate the power ratios can be foreseen:
Option 1: Considered downlink power allocation is indicated via higher layer signalling of a bit map, or bit maps
Option 2: Considered downlink power allocation is indicated via L1/L2 signalling
In both options, it is assumed that the UE has been configured with possible power ratios and which of the power ratios that is considered is thus either indicated semi-statically via higher layer signalling or dynamically via PDCCH. In [2], a UE derives the considered downlink power allocation, A and B, from a set of parameters (PA, PB) provided by higher layer signalling [3], and in case of multi-user MIMO also from a power offset bit signaled via PDCCH. Extending this to reduced power ABS as shown in figure 1 b) would imply that the UE is configured with a second set of higher layer parameters (P’A P’B) for deriving ’A and ’B. In this case with two set of downlink power allocation parameters, the signalling bit would then indicate either (PA, PB) or (P’A, P’B).
Option 2 provides more flexibility and has obviously the advantage of avoiding RRC re-configurations whenever the ABS pattern is changed and can also easily be extended to indicate more than two set of power ratios, though to the cost of one additional DCI bit. In Rel10 two ABS patterns were signaled via X2, where one of the ABS patterns represented a subset of the other ABS pattern with intention of indicating the subframes an eNB intends to keep as ABS over a longer time period. By introducing the subset ABS pattern and configure resource-restricted measurements based on this subset, RRC re-configurations of resource-restricted RLM and RRM measurements could be avoided when changing ABS pattern. Thus, with Option 2 the Rel10 principle of avoiding RRC re-configurations when changing ABS pattern can be maintained.
Proposal 1: RRC signalling of an additional set of parameters (PA, PB) for deriving corresponding A and B valid in reduced power ABS subframes.
Proposal 2: Considered power ratios are indicated via PDCCH

In addition to signalling RRC parameters for deriving A and B for demodulation purposes the network also provides the UE, via higher layer signalling, with assumed PDSCH EPRE to CRS/CSI-RS EPRE ratios used for deriving CSI feedback [2]. In the case of CRS based CSI feedback, a higher layer configured offset is added to the parameter PA. In the case of a UE being configured for deriving CSI feedback based on CSI-RS the network provides the UE with the parameter Pc representing the ratio of PDSCH EPRE to CSI-RS EPRE, in which PDSCH EPRE associates with OFDM symbols without CRS. The extension of that principle to reduced power ABS would be to introduce (’offset, P’c). Then, if the CSI reference resource refers to a reduced power ABS, the UE would (for the purpose of deriving CSI) assume that ’A shall be derived from P’Aand’offset.
In Rel10, a UE is configured with resource-restricted CSI measurements if the subframe sets CCSI, 0 and CCSI, 1 are configured by higher layers, where a CSI reference resource belongs to either CCSI, 0 or CCSI, 1. These subframe sets may represent sets of subframes that an eNB intends to keep as non-ABS and ABS, respectively, over a longer time period. If for example CCSI, 0 refers to non-ABS and CCSI, 1 to reduced power ABS, a UE would then consider offset or Pc for deriving CSI if the CSI reference resource belongs to CCSI, 0 whereas the UE would consider ’offset or P’c for deriving CSI if the CSI reference resource belongs to CCSI, 1.
Proposal 3: RRC signalling of an additional set of parameters (offset, Pc) for the purpose of deriving CSI feedback reflecting radio conditions in reduced power ABS subframes.
In the light of supporting 9dB cell range expansion [1], introducing higher layer parameters (PA, PB, offset,, Pc) for reduced power ABS would likely imply that associated parameter ranges and values need to be revised. For example, the values in dB that PA can take are {-6, -4.77, -3, -1.77, 0, 1, 2, 3} and clearly do not perfectly match reduced power ABS. In the system performance evaluations conducted in [4]

 REF _Ref315713605 \r \h 
[5] the power reductions on unicast PDSCH (with respect to CRS) where the same as the considered cell range expansion, i.e. handover bias. The handover bias considered for cell association (e.g. 9dB) could very well be different from the used power reduction on unicast PDSCH. However, system performance evaluations
 indicate that there is not much to gain by reducing the power on the PDSCH more than the handover bias. Actually, one might even consider selecting power reductions that are less than the handover bias without obtaining significant performance losses.
Proposal 4: Maximum power reduction on unicast PDSCH is equal or less than 9dB.

An important aspect to consider when REs have different energy within an ODFM symbol is power leakage across REs due to imperfections in transmitter symbol generations. These imperfections are typically most severe when a power amplifier operates at maximum output power. Therefore, RAN4 has specified BS minimum requirements on the difference between the power of an RE and the average RE power for a BS at maximum output power for a specified reference condition [7]. In the case of reduced power ABS, a BS will transmit with significantly lower output power and power leakage across REs is less severe. However, the RE power control dynamic range may need to be taken into account when deciding on maximum power reduction on unicast PDSCH. Thus, a final decision on maximum power reduction on unicast PDSCH may not be taken before receiving feedback from RAN4 on this aspect.
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Figure 2 RE power control dynamic range for a BS at maximum output power

3. Conclusion
In this contribution, details on signalling for reduced power ABS were discussed. Following proposals were made:
Proposal 1: RRC signalling of an additional set of parameters (PA, PB) for deriving corresponding A and B valid in reduced power ABS subframes.

Proposal 2: Considered power ratios are indicated via PDCCH

Proposal 3: RRC signalling of an additional set of parameters (offset, Pc) for the purpose of deriving CSI feedback reflecting radio conditions in reduced power ABS subframes.

Proposal 4: Maximum power reduction on unicast PDSCH is equal or less than 9dB.

A final decision on maximum power reduction on PDSCH would need RAN4 involvement.

4. References

[1] R1-114468, LS on feICIC
[2] 3GPP TS 36.213 (V10.4.0) , Physical layer procedures
[3] 3GPP TS 36.331 (V10.4.0), Radio Resource Control (RRC)
[4] R1-113482, System performance evaluations on FeICIC, Ericsson, ST-Ericsson
[5] R1-114298, Further system performance evaluations on FeICIC, Ericsson, ST-Ericsson
[6] R1-112856, Summary of ad hoc session on FeICIC simulation assumptions, NTT DOCOMO
[7] 3GPP TS 36.104 (V10.5.0), Base Station (BS) radio transmission and reception
5. Appendix – Reduced power ABS

Figure 3 illustrates operations with zero power ABS versus reduced power ABS in a macro-pico scenario with pico users communicating from the cell range expansion area. In the case of reduced power ABS, macro users can be scheduled in all subframes, but in some of the subframes the transmit power on UE-specific (unicast) PDSCH and PDCCH have been reduced in comparisons with the transmit power on the reference signal in order to create protected subframes for the pico layer. A cell operating with reduced power ABS evidently includes zero-power ABS automatically by not scheduling macro users in reduced power ABS.
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Figure 3 Reduced power ABS

In the concept of time-domain eICIC, downlink reference signals, synchronization signals and physical channels used for system information are always transmitted with nominal power, irrespectively if the transmission occurs in a subframe configured as ABS or not. Thus, if a PDSCH carrying system information is scheduled in an ABS, it will be transmitted with nominal power in order to serve all users in the cell. The same holds in general also for associated PDCCH. However, downlink unicast data transmissions could in principle be transmitted with nominal or reduced power in any subframe but in the context of time-domain eICIC unicast data transmissions with nominal power would occur in non-ABS (regular) subframes only. Furthermore, detection of PCFICH is part of the reception of PDCCH/PDSCH and reducing its transmission power in a similar way as with the unicast physical channels in ABS would further reduce inter-cell interference. If a PDSCH carrying system information is scheduled in an ABS, the PCFICH is however assumed to be transmitted with nominal power.
� Simulation assumptions as in � REF _Ref315718865 \r \h ��[6]�, with ITU channel models and non-full buffer traffic models. 





