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1. Introduction
In RAN1 #66bis, it was shown that the DL system performance could be improved by transmitting non-zero PDSCH with reduced power in almost blank subframe (ABS), achieving both of interference coordination and off-loading for non-ABS subframes [1]. Thus, it was agreed to consider the zero and reduced power ABS as a further RAN1 work for FeICIC [2].
· Further RAN1 work (evaluations and design/solutions) is to be done for
· 6 through12 dB bias
· Zero and reduced power ABS
To this end, this contribution considers the impact on specification due to the use of reduced power ABS in Rel-11.
2. Discussion
The main difference between the zero and reduced power ABS is that non-zero power PDSCH and PDCCH (e.g., DL assignment, UL grant) for unicast data are transmitted in the reduced power ABS while there is no unicast transmission in the zero power ABS. With such a difference, there could be additional specification issues related to the transmit power in reduced power ABS and the decision whether zero or reduced power ABS is configured. It may include the followings.
· RE power control dynamics in reduced power ABS
· DL power allocation in reduced power ABS
· Impact on the coexistence of time and frequency ICIC
From our perspective, the details of these issues will be described in the following subsections.
2.1. RE power control dynamics in reduced power ABS

In the reduced power ABS, the non-zero transmit power will be closely related to the cell range expansion (CRE) bias. In a simple way, it can have same amount as the CRE bias. As it was concluded that the CRE bias could be in the range of 6 through 12 dB in RAN1 #66bis [2], it should be clarified that the output power dynamics in reduced power ABS can support CRE bias within 6-12 dB. In general, there exist minimum requirements on RE power control dynamic range for base station (BS) according to the out of band (OOB) emission and error vector magnitude (EVM) requirements [3]. For example, the power of an RE in PDSCH can either be increased by +3 dB or decreased by –6 dB with respect to the average RE power for a BS at maximum output power when QPSK modulation is used [4]. The following table provides the RE power control dynamic range specifically.
Table 6.3.1.1-1 E-UTRA BS RE power control dynamic range
	Modulation scheme
used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


These requirements restrict the maximum power difference between REs at the same OFDM symbol. Thus, the available transmit power reduction of PDSCH RE in reduced power ABS can be limited by the dynamic range with respect to the power of cell-specific (CRS) RE. However, it is unclear whether the current RE power dynamics is suitable for the reduced power ABS or not. Therefore, it needs to consider the feasible range of the RE power control dynamics in reduced power ABS before the progress.
Proposal #1: It needs to consider the feasible range of the RE power control dynamics in reduced power ABS.
2.2. DL power allocation in reduced power ABS
In Rel-10, the BS allocates DL transmit power by determining the energy per resource element (EPRE) [5]. The CRS EPRE, which is signalled within system information, is utilized as a reference for other EPRE. In a non-ABS subframe, the PDSCH EPRE can be configured by UE-specific parameters which represent the ratio of PDSCH EPRE to CRS EPRE according to OFDM symbol index. More specifically, ρA and ρB denote the ratio at the OFDM symbols without or with CRS, respectively. However, these parameters are not applied to decide the transmit power of PDSCH in reduced power ABS because the ratio between the power of CRS RE and PDSCH RE will be different from that in non-ABS. For example, eNB can configure reduced power ABS with same transmit power in PDSCH regardless of OFDM symbol index. Hence, it needs to consider the necessary signalling for DL power allocation in reduced power ABS for the PDSCH demodulation and the CSI calculation.
Proposal #2: It needs to consider the necessary signalling for DL power allocation in reduced power ABS.
2.3. Impact on the coexistence of time and frequency ICIC
	An issue discussed in Rel-10 eICIC was the coexistence of the frequency and time domain ICIC [6]. For the ICIC scheme, an aggressor cell can send time domain ICIC messages (e.g., ABS pattern) or frequency domain ICIC messages (e.g., RNTP, UL HII, and UL IOI) to victim cells [5, 7]. For instance, the ABS pattern indicates whether a specific subframe is ABS or not while the RNTP indicates whether the transmit power of aggressor cell in a specific PRB is below a certain threshold or unknown. As these two types of ICIC messages can be assigned simultaneously [8], some clarification on the interpretation of the exchanged ICIC messages was needed due to the possible ambiguity. The conclusion in the Rel-10 discussion was as follows [9]:
RAN1 view is in the scenario described by RAN3, the Rel-8 definition of RNTP for the pico applies to all subframes, including those designated ABS by a macro eNB. How RNTP can be interpreted by the (ABS message sending) macro eNB receiving an RNTP message from the pico eNB is implementation-specific.
RAN1 also discussed coexistence aspects for the scenario of an eNB sending both HII and ABS. RAN1 view is in this scenario that the HII applies to subframes where the sending eNB may, or intends to, schedule uplink transmissions. How HII can be interpreted by an eNB receiving both HII and ABS is implementation-specific.
This conclusion was drawn because ABS in Rel-10 does not contain any unicast scheduling (i.e., the sending eNB has no intention to schedule DL or UL transmissions in ABS), so the ABS-message-receiving eNB does know that there will be no DL assignment or UL grant in the subframes indicated as ABS. This implies that the receiving eNB can assume low interference (actually zero interference caused by unicast PDSCH/PUSCH) from the sending eNB in the entire PRBs in a DL subframe indicated as ABS and in a UL subframe granted in a subframe indicated as ABS. However, if non-zero power ABS is introduced, the above-mentioned conclusion does not hold any more because the ABS-message-sending eNB may schedule some PDSCH and PUSCH in a subframe indicated as ABS. Therefore, it is suggested to investigate the coexistence of the frequency and time domain ICIC if non-zero power ABS is introduced.
Proposal #3: It needs to investigate the impact of the introduction of non-zero power ABS on the coexistence of the frequency and time domain.


3. Conclusion
In this contribution, we discussed the impact of reduced power ABS on specification work in various perspectives. The following proposals were made based on discussions.
Proposal #1: It needs to consider the feasible range of the RE power control dynamics in reduced power ABS.
Proposal #2: It needs to consider the necessary signalling for DL power allocation in reduced power ABS.
Proposal #3: It needs to investigate the impact of the introduction of non-zero-power ABS on the coexistence of the frequency and time domain.
______________________________________________________________________
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