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1. Introduction
In RAN1 #67 meeting, RAN1 has concluded that reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed [1] based on system performance results [2] and discussion. As RAN1 agreed that bias values beyond 6dB can provide performance gains for some macro/pico deployments in interference limited scenarios, ABS can be categorized into two: one is non-zero power ABS and the other is zero-power ABS.
Non-zero power ABS needs signaling supports and detailed issues are described in this document. 
2. Discussion
2.1. DL power allocation in reduced power ABS
In order to support non-zero power ABS, additional information on PDSCH-to-CRS power ratios should be known to UEs[3]

 REF _Ref314734533 \n [4]

 REF _Ref314734536 \n [5]. In current specification, PDSCH-to-CRS power ratios according to OFDM symbol with or without CRS, ρA and ρB are derived by UEs using provided signaling from higher layers. To be more specific, ρA is derived from UE-specific parameter PA and ρB is derived from cell-specific parameter PB and ρA.
UEs demodulate the received physical downlink unicast data and calculate CSIs based on this information. The values of ρA and ρB in non-zero power ABS sets are definitely different from that in normal subframe sets as shown in figures below. Therefore, to support reduced non-zero power ABS, we propose to add signaling of PDSCH-to-CRS power ratio along with the indication of the set of subframes to which the signaled power ratio is applied.
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Figure 1 PDSCH-to-CRS power ratio in a normal subframe
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Figure 2 PDSCH-to-CRS power ratio in a reduced power ABS
One of the simplest way to inform power ratios for reduced power ABS is to signal an additional set of PA’ and PB’ values applied only in non-zero power ABS sets. Using these values, UEs are able to calculate ρA’ and ρB’ in reduced power ABS sets. However, it needs to be considered if a signaling of PB’ value is required because PB is just utilized for CRS power boosting. In other words, a signaling of different transmission power levels per OFDM symbol for reduced power ABS seems to be meaningless hence ρB’ should be assumed to be equal to ρA’ in reduced power ABS with PB’ value set to 1. Alternatively, as long as keeping transmit power ratios ρA/ρB  even in non-zero power ABS makes UE implementation simple, PB’ value for reduced power ABS may be assumed to be the same as PB .
The other way is to signal a power offset value for reduced power ABS sets. Looking into a derivation equation of ρA,  ρA  is equal to δpower-offset + PA  in general cases, where δpower-offset is 0 dB for all PDSCH transmission schemes except multi-user MIMO [6]. By differentiating power-offset values between normal subframe sets and reduced power ABS sets, eNB is able to signal sub-frame specific transmit power ratio of data and reference signals. 
Proposal 1: Additional PDSCH-to-CRS power ratio should be signaled along with the indication of the set of subframes to which the signaled power ratio is applied.
· Additional signaling of PA and PB for reduced power ABS

· Setting additional power offset value for reduced power ABS
2.2. Coexistence of time and frequency domain ICIC

Coexistence of frequency and time domain ICIC schemes should be revisited as eNB may schedule unicast data transmission in ABS. This issue has been discussed in [7]

 REF _Ref314734646 \n [8] in the course of developing Rel-10 eICIC. The issue was that an aggressor eNB sends time domain ICIC messages (e.g., ABS pattern) and frequency domain ICIC messages (e.g., RNTP, UL HII, and UL IOI) as well to a victim cell eNB and there could be potential ambiguities for a victim eNB to interpret these messages in ABS. However, it has concluded to be implementation-specific because ABS in Rel-10 does not contain any unicast scheduling data [9]. 
Now that an aggressor eNB may schedule unicast data in ABS, there must be ambiguous for a victim eNB to interpret frequency domain ICIC messages in ABS. For example, if an ABS does not carry PDSCH transmission, it means that low interference to a victim cell at the ABS is promised without respect to RNTP signaling. However, if an ABS does carry PDSCH transmission, it does not always mean that the aggressor eNB guarantees lower interference to victim eNB at specific PRBs in ABS. Therefore, the victim eNB is not sure if lower interferences are promised in ABS carrying PDSCH. 
The ambiguity is more severe in UL ICIC messages (e.g., UL HII and UL OI). Having ABS at nth subfame results in no PUSCH transmission in (n+k)th subframe in Rel-10 specification. Hence, in a network operating Rel-10 eICIC, a victim eNB may assume that there must be low interferences from UL transmissions of the aggressor eNB and it has a full freedom of UL PRB scheduling without considerations of getting UL interference from the aggressor eNB. Moreover, the victim cell UE is allowed to transmit with high power in UL without worrying about the UL interference to the aggressor cell. However, these interpretations are not viable any more if the aggressor eNB schedules UL data in ABS.
Consequently, frequency domain ICIC messages are not clearly read in ABS sets. Therefore, it should be exchanged between eNBs that if the messages are valid on which subframes in order to avoid misunderstanding of frequency domain ICIC messages in ABS sets.

Proposal 2:  The interpretation/behavior of frequency domain ICIC messages in ABS set should be clearly described.  

2.3. Subframe specific TM configuration

Current specifications define two different sets of measurement according to different interference environments. However, ABS sets affect not only measurements but also transmission mode configurations. For example, CoMP cooperating sets must be different per subframe set due to different interference environments, which means available PMI sets are different for a CS/CB scheme.

Furthermore, when an eNB schedules unicast data to its serving UE with reduced power in ABS, the UE has to demodulate its PDSCH with DM-RS if it is configured in TM 9, e.g., targeting a transmission rank higher than 4. However, DM-RS transmit power is also reduced together with PDSCH power while CRS is transmitted without power reduction in ABS. Therefore, it is much beneficial if the UE is able to demodulate the data with CRS in reduced power ABS because the maximum supportable rank is likely to be less than or equal to 4 in reduced power ABS while a relatively high power of CRS enables more accurate channel estimation. In order to enable this operation, TM configurations should be configured per subframe set.   
Proposal 3: TM configuration per subframe set should be considered. 

3. Conclusions
In this contribution, we looked into open issues raised from non-zero power ABS and followings are our proposal on these issues described above:
Proposal 1: Additional PDSCH-to-CRS power ratio should be signaled along with the indication of the set of subframes to which the signaled power ratio is applied.
· Additional signaling of PA and PB for reduced power ABS

· Setting additional power offset value for reduced power ABS
Proposal 2:  The interpretation/behavior of frequency domain ICIC messages in ABS set should be clearly described.  
Proposal 3: TM configuration per subframe set should be considered. 
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