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1. Introduction
RAN1 has been discussed the additional signaling support for non-zero power ABS and has not reached any consensus yet. A WF on signaling details for reduced power ABS has been presented [1] in RAN1 #68bis but the conclusion was to discuss further due to an LS from RAN4 on the non-zero power ABS [2].
In this document, we propose required signaling for reduced power ABS and method of PDSCH mapping in reduced power ABS in order not to violate EVM requirements, which is the main concerning point in the LS [2].
2. Discussion
2.1. PDSCH mapping in non-zero power ABS

According to the LS on implications due to LP-ABS for FeICIC[2] from RAN4, it is said that the maximum power reduction for non-zero power ABS support is 6dB for QPSK PDSCH/PDCCH, 3dB for 16QAM PDSCH and 0dB for 64QAM PDSCH. Considering that RAN4 only specifies an inter-subcarrier EVM requirement between the strong CRS RE and weak data RE within a single OFDM symbol, it would be better not to map PDSCH in the OFDM symbols carrying CRS in non-zero power ABS according to a modulation order. 
In other words, PDSCH mapping in CRS containing OFDM symbols is dependent on the modulation order. As 6dB power reduction is viable for PDSCH with a QPSK modulation, there is no reason to rate match REs in CRS containing symbols. However, PDSCH with a 16QAM and 64QAM modulation should not be mapped into REs in CRS containing symbols in non-zero power ABS in order to meet the requirement. For this operation, the UE is acknowledged that which REs are rate-matched. 
Following figures show the performance results of the non-zero power ABS(notated as NZP-ABS satisfying requirements) with PDSCH mapping as proposed above in comparison to zero power ABS(notated as ZP-ABS) and conventional non-zero power ABS(notated as NZP-ABS non satisfying requirements) which does not meet the EVM requirements due to transmission power reduction in CRS containing symbols. 
Figure 1, 2 and 3 show average UE throughput, 5%-tile UE throughput and 50%-tile UE throughput, respectively, for each scheme according to the number of ABS subframe. In the simulation, ITU model is used and 9dB CRE bias and CRE puncturing receiver are assumed. Additional simulation assumptions and parameters are summarized in Appendix and please refer to [3] for further simulation results. 
As shown in the figures, performance loss caused by not mapping PDSCH in REs in CRS containing OFDM symbols is marginal (around 2~3 % loss). Non-zero power ABS still shows gain over zero power ABS.  
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Figure 1. Average UE thtoughput for each scheme              
  Figure 2. 5 %-tile UE thtoughput for each scheme
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Figure 3. 50 %-tile UE thtoughput for each scheme

2.2. Signaling details of DL power allocation 

Signaling of downlink power allocation in non-zero power ABS should be supported for the purpose of downlink data demodulation and CSI feedback at UE side. We describe signalling details according to transmission modes in the following. 
2.2.1. TM 1-6 (CRS based)

In TM 1-6, CRS is used for data demodulation and channel estimation as well and additional higher layer signalling (PA ) for deriving the ratio of PDSCH EPRE to CRS EPRE of non-zero power ABS (ρA) [4] should be signaled along with the indication of the subframe set to which the signaled power ratio is applied. 
The eNB may signal additional value of PA for non-zero power ABS so that the UE is able to calculate the ratio of PDSCH EPRE to CRS EPRE in symbols without CRS, ρA for non-zero power ABS sets. Alternatively, the eNB may set the transmission power difference between non-zero power ABS and normal subframes and the power difference (power offset) value needs to be signaled. Then, with the power offset value, the UE calculates ρA for non-zero power ABS sets from the value of ρA for normal subfames. 
As for the signaling of PB value, it is not necessary for non-zero power ABS if the PDSCH is mapped as proposed in the above 2.1 considering the fact that the ratio of PDSCH EPRE to CRS EPRE is not applicable to PDSCH REs with zero EPRE [4] and PB value for non-ABS can be reused for PDSCH with QPSK modulation in non-zero power ABS.  

For the purpose of deriving CQI index, 
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for non-zero power ABS should also be signaled. 
2.2.2. TM 9 (UE-specific RS based)
In TM 9, UE-specific RS is used for data demodulation and CSI-RS is used for channel estimation. As mentioned above, PB value for normal subframes can be reused for non-zero power ABS. 
In order to derive CQI index, the ratio of PDSCH EPRE to CSI-RS EPRE (PC) of non-zero power ABS should be signaled with extended ranges of values to cover transmission power reduction ranges. Without this information, the UE may report higher rank and CQI index due to overestimation of its CSI, which the eNB could not possibly compensate. 

Proposal 1: Additional PDSCH-to-CRS/CSI-RS power ratio should be signaled for non-zero power ABS for all TM.

2.3. Signalling dynamics of transmission power level 
For the purpose of PDSCH demodulation, the transmission power allocation information relative to reference signal should be known by the UE. For the indication of downlink transmission power allocation, a bit map of subframes via higher layer and dynamic signalling using PDCCH can be considered [5][6]

 REF _Ref320010127 \r \h 
[7].
Both options need higher layer signaling of downlink transmission power ratio for normal subframe and non-zero power ABS to derive PDSCH EPRE to CRS/CSI-RS EPRE as described above. Higher layer signalling of downlink transmission power ratio would have RRC reconfiguration issue and less flexibility. Therefore, dynamic signalling of downlink transmission power ratio for data demodulation is preferable using PDCCH.

Having one more bit in DCI format enables to indicate whether it is normal subframe or non-zero power ABS with power reduction. Explicit indication in DCI is quite flexible but UEs search space is confined only within USS. Hence, a UE may need an assumption for transmission power ratio for DCIs in CSS. In addition, if DCI format 1A has one more bit and it results in getting one more bit in DCI format 0 and this bit can be used to indicate reference transmission power ratio for aperiodic CSI feedback.
Alternatively, implicit indications in DCI can be considered. If a UE has additional RNTI for non-zero power ABS, a UE is able to derive downlink transmission ratio. In current specification, 16-bit CRC of PDCCH payload is scrambled with a UE RNTI. If it is scrambled by SI-RNTI, it is for cell common broadcast information and if it is scrambled by C-RNTI, it is for the dedicated information. Similarly, additional C-RNTI for non-zero power ABS can be used and the PDCCH is scrambled by the C-RNTI, downlink transmission power ratio information is derived. Another implicit method is to separate HARQ process IDs for normal subframe and non-zero power ABS. DCIs for downlink grant always carry the HARQ process IDs and considering the fact that subframes are partitioned into two sets of subframes, normal subframe and non-zero power ABS, HARQ process IDs can also be partitioned to two sets. Based on the HARQ process IDs, a UE is indicated the downlink transmission power ratio when one set of HAQR process IDs is assigned for normal subframes and the other set of HARQ process IDs is assigned for non-zero power ABS. 
Proposal 2: Dynamic indication of transmission power ratio for data demodulation should be considered while explicit or implicit method should be studied further. 

Note that the power ratio for CSI feedback should be semi-statically signalled without respect to signalling of transmission power ratio dynamics for data demodulation. When a UE is configured with restricted CSI measurements, one set of subframes is for normal subframes and the other set of subframes is for non-zero power ABS subframes for periodic CSI feedback. 
Proposal 3: Transmission power ratio for CSI feedback should be semi-statically signaled
2.4. Interference measurement
PDSCH EPRE to CRS EPRE of neighboring cells should be known to UE for interference measurements, especially for the case of colliding CRS, where other cells’ interference can be overly estimated in non-zero power ABS. One option to resolve this is to signal other cells’ PDSCH EPRE to CRS EPRE along with a set of subframes in which the power ratio is applied. The other option is to set interference measurement REs, which in turn results in having subframe set common interference measurement resources.  
2.5. Others
2.5.1. Interpretation of frequency domain ICIC messages in ABS 

If an eNB transmits frequency domain ICIC messages (e.g. RNTP, UL HII, and UL IOI) and time domain ICIC messages (e.g. ABS information) to other eNBs, the behavior or interpretation of the messages are not clear at receiving eNBs. This issue has been raised by RAN3 [8] and RAN1 responded that it should 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. This issue is described in detail in [10] and 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 4:  The interpretation/behavior of frequency domain ICIC messages in ABS set should be clearly described.  

2.5.2. Subframe specific TM configuration 

Now that we have non-zero power ABS, it affects 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, a UE configured in TM 9 needs to demodulate PDSCH using normal subframe and non-zero power ABS. 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 5: TM configuration per subframe set should be considered. 

3. Conclusions
In this contribution, we propose PDSCH mapping rules, signaling supports and further issues to be considered for non-zero power ABS. Our proposal is summarized in the following:
Proposal 1: Additional PDSCH-to-CRS/CSI-RS power ratio should be signaled for non-zero power ABS for all TM.

Proposal 2: Dynamic indication of transmission power ratio for data demodulation should be considered while explicit or implicit method should be studied further. 

Proposal 3: Transmission power ratio for CSI feedback should be semi-statically signaled
Proposal 4: The interpretation/behavior of frequency domain ICIC messages in ABS set should be clearly described.  

Proposal 5: TM configuration per subframe set should be considered. 
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Appendix: Simulation Parameters and Assumptions

	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Number of Picos per sector
	4

	Number of UEs per sector
	25 for configuration #1

	Cell selection bias
	9 dB

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	UE speeds of interest
	3 km/h 

	Transmission mode
	Transmission mode 9 with SU-MIMO

	Channel quality report
	50RB wide-band report for CQI and PMI.
5ms CQI reports periodicity,
6ms delay total (measurement in subframe n is used in subframe n+6)
MCSs based on LTE transport formats [36.213]
LTE codebook as feedback codebook

	Antenna configuration
	2x2x2 antenna 
(# of Tx Ant. at Macro node x # of Tx Ant. at RRH node x # of Rx Ant. at UE)

Macro & low power node: Co-polarized antennas, 0.5 wavelengths separation
UE: Co-polarized antennas, 0.5 wavelengths separation

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB.   
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	CRS puncturing receiver

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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