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1 Introduction

RAN2 has received an LS from RAN1 on feICIC [1] concluding the current evaluation study conducted in RAN1. The purpose of this contribution is to discuss the LS and ABS. Traditional zero-power ABS is established but ABS with reduced power is also possible to use. It has not been explored very much and this paper investigates what reduced power ABS is, how it relates to traditional zero-power ABS, and how it affects existing signaling.
1.1 Background

Almost blank subframes were developed for Release 10 as an ICIC mechanism in scenarios with high interference. In this section we explain the background of ABS, and why reduced power ABS should be also possible besides the traditional zero-power ABS. 
During the work on Release 10, pico cells were discovered to provide limited coverage when deployed in a co-channel deployment with macro cells. Despite inherent difficulties in such a deployment, it was deemed interesting because of the possibilities of traffic offloading to the smaller cells. The limited coverage resulted in the need for high cell selection offset, or cell range expansion, to offload more users. During evaluations it was detected that pico users located in the so called “CRE zone” suffered from severe interference from the macro cells. A scheme based on time division was developed where macro and pico cells would take turns to transmit data traffic in order to reduce and overcome the macro interference. This scheme was called Almost Blank Subframes. 
What ABS does in essence is to transfer capacity from the macro cell to the pico cell. The original intention with the ABS was to reduce interference by only sending the necessary control signaling, e.g. CRS, BCH, PSS/SSS, and no unicast channels. However, the definition of ABS leaves the door open to transmit data traffic with low power. By exploring this, the transfer of capacity from the macro cell to the pico cell can be limited.
2 Properties of Reduced Power ABS
TS 36.300 [2] contains what can be said is a definition of ABS:

“The Almost Blank Subframes (ABSs) in an aggressor cell are used to protect resources in subframes in the victim cell receiving strong inter-cell interference. Almost blank subframes are subframes with reduced transmit power (including no transmission) on some physical channels and/or reduced activity.”

We believe the work on ABS so far has focused on the case where there is no transmission on some physical channels. Based on this we would like to investigate the case of reduced transmit power. For ease of understanding in this paper we call this Reduced Power ABS. It is important to note that this is not a new concept, it exists in Rel-10, but it has not been investigated in detail and we would like to explore its effects. Furthermore, we call subframes where no transmissions on some physical channels occur for Zero-power ABS.
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Figure 1: Scenario where Reduced Power ABS is used.

Figure 1 shows an overview of a scenario where Reduced Power ABS is used. In the bottom of the figure the well-known macro-pico scenario is depicted. In the pico cell there are two areas. In the striped area (the CRE zone) UEs must use CRE/CSO to connect to the pico. This is not necessary in the solid color area. In the top of the figure there are three graphs. They show the EPRE (Energy per resource element) for three consecutive subframes. The graphs illustrate the difference between Zero-power ABS, Reduced Power ABS, and Pico cell edge user respectively. Below these three graphs the impact on the scheduling can be seen.

In Zero-power ABS there is no energy allocated during the first two subframes (the ABSs) and full energy during the third subframe. In Reduced Power ABS there is reduced energy during the first two subframes and full energy during the last. The pico cell edge user is allocated energy during the first two subframes, but cannot be scheduled during the third subframe because of the full energy and subsequent interference from the macro cells. Note also that the power for the pico cell edge user is reduced, as the power in the pico cell, by definition, is less than the power in the macro cell.

If Zero-power ABS is used, scheduling of the two macro users can not be done during ABS, whereas this would be possible if Reduced Power ABS was used. By using Reduced Power ABS, not all transmission resources during the ABS is traded from the macro to the pico, hence a higher system throughput could be achieved than with Zero-power ABS. However, the reduced power means that the MeNB has to be tightly coordinated with the PeNB not to interfere the UEs in the CRE zone.

RAN1 has treated several contributions on Reduced Power ABS which show increased system performance with Reduced Power ABS when compared against Zero-power ABS [5]

 REF _Ref315697338 \r \h 
[6]

 REF _Ref315697340 \r \h 
[7].

To conclude, Reduced Power ABS presents a scenario with ABS that enables the macro cell to serve UEs using reduced power transmissions without interfering pico users in the CRE zone. Compared to traditional Zero-power ABS, where the macro cell cannot allocate any power to its UEs, this is an improvement.
3 Affected signaling

The LS from RAN1 states that “detailed signaling is FFS”, however some contributions in RAN1 reveal hints of what might be needed later on. We do not think RAN2 should progress beyond the work of RAN1 in this matter, but we still think it can be useful to sum up the current state on affected signaling. 

3.1 Power offset

The discussion on power offset is mentioned in [3] and [4].
In order for the demodulation of higher order modulation (16QAM and 64QAM) to work, as well as deriving CSI feedback correctly, the transmit power differences between resources carrying PDSCH and reference signals need to be known by the UE. This is also known as the ratio of the PDSCH EPRE to cell-specific RS EPRE. Parameters for deriving ∆non-ABS are signaled over RRC and can roughly be explained as the power difference of the CRS transmissions and the PDSCH transmissions during non-ABS subframes, as shown in Figure 2. During Reduced Power ABS, the power to PDSCH is reduced, but not zero, and this is done by increasing the power offset. Because these parameters are signaled over RRC, rather than signal changes to the existing parameter ∆non-ABS frequently, it is better to introduce a new parameter ∆ABS to denote the power offset during Reduced Power ABS.  
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Figure 2: Schematic figure showing the impact on PPDSCH of the parameter ∆ABS. 

To conclude, one new UE-specific parameter describing the power offset during Reduced Power ABS might be needed. 
3.2 Reduced Power ABS pattern

Suppose the UE is configured with Reduced Power ABS according to Figure 1. This means that the power offset could change from one subframe to another. Clearly this is too frequent for RRC signaling to be used as specified in the previous text. 

However, the introduction of a second power offset parameter does not tell the UE in which subframe to use the respective offset. To solve this we see at least two solutions.
1
Signal a preconfigured pattern to the UE (potentially over RRC), which the UE uses to deduce which power offset is used in a subframe. This would require signaling similar to the measurement resource restriction patterns.

2
Signal which power offset to use using a single bit in the DCI config.

We do not advocate any solution over the other, as the study in RAN1 is not concluded yet.

4 Conclusion

This paper explores ABS with reduced power, an improvement to the traditional Zero-power ABS. Reduced Power ABS might affect signaling, e.g. a new power offset and subframe pattern might need to be signaled. RAN2 should wait until RAN1 decides upon detailed signaling which currently is FFS.
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