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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
During RAN1#68bis, RAN1 received LS from RAN4 [2] on transmitter EVM aspects when reducing the transmit power on certain resources within an ODFM symbol. RAN4 indicated that they will not be able to define requirements on reduced power subframes (LP-ABS) within a Rel-11 time frame. Therefore, RAN4 can only guarantee performance under current minimum requirements on BS dynamic power control range defined for full power subframes [3]. RAN1 then concluded that further study and evaluation are needed based on the RAN4 LS.
In this contribution, further studies on LP-ABS are conducted by taking the RAN4 LS feedback on minimum requirements on transmitter EVM into account in further system performance evaluations.
2. Discussion
Transmitter EVM
System performance evaluations on zero-power ABS and LP-ABS have been conducted without modeling impacts of transmitter EVM. This implies that no upper limits on SINR, or ceiling of SINR, have been taking into account in evaluations in FeICIC. However, during RAN#68bis some companies evaluated system performance on LP-ABS with constraints on considered modulation schemes [4]
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[5]
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[6] as a way to model EVM impacts. In these evaluations, results with modulation scheme constraints were compared to zero-power ABS and LP-ABS assuming no ceiling of SINR. In spite of this somewhat questionable comparison it was evident that there are scenarios where LP-ABS provides significant performance benefits even when modulation schemes are limited to QPSK and 16QAM [4]. Although, in order to make proper comparisons between LP-ABS and zero-power ABS, transmitter EVM should be taking into account in system performance comparisons for all ABS schemes.

Observation 1: Conclusions on 9dB CRE [1] were not based on any explicit SINR ceiling, i.e., no Tx/Rx RF impairments were taking into account
Effective noise power due to transmitter EVM can be modeled as
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[8], where 
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is the average power of OFDM symbols carrying data to be demodulated. An expression for the effective SINR taking transmitter EVM into account then readily follows as
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Minimum requirements on BS dynamic power control range are defined for full power subframes [3] and thus basically targets scenarios with power boosting but would also be applicable to a scenario where one RB out of all allocated RBs has reduced power. Upper plot in figure 1 depicts the effective SINR, reflecting the minimum RAN4 requirements, which basically indicates an SINR limit of 15dB for QPSK, 18dB for 16QAM and 22dB for 64QAM. By reducing the power with 
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dB in some RBs only in a fully loaded subframe, the BS transmits with almost maximum output power which would imply that the SINR limits in reduced power RBs are reduced by
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 dB.
Observation 2: SINR ceiling of 22dB would reflect RAN4 minimum requirements on transmitter EVM

In the case of LP-ABS, with data being mapped on 
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OFDM symbols, in which 
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symbols include CRS, the average power readily follows as
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Here,
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denote the average power of OFDM symbols with and without CRS, respectively. Lower plot in figure 1 illustrates the impact of transmitter EVM on the effective SINR in a case with two antenna ports. From this figure we conclude that the impact of transmitter EVM becomes visible first at higher SINR (> 10 dB) and that data power reduction of 9 dB reduces the effective SINR approximately by 1 dB in comparisons to 0 dB power reduction at SINRs close to the SINR ceiling level due to transmitter EVM of 8%. Hence, we can expect that the macro user performance loss due to BS transmitter EVM in reduced non-zero power subframes will be rather small, if none. By comparing the upper and lower plots in figure 1, the following observation can be made:
Observation 3: Reducing data power with 9 dB in LP-ABS would most likely not preclude 64QAM, and definitely not preclude 16QAM and QPSK, due to BS transmitter EVM
It can be noticed that BS transmitter EVM is one of several impairment sources in a transmitter-receiver chain that may degrade user throughputs and it may be the case that the BS transmitter EVM impact is not even dominant, or is only partially impacting the actually achievable SINR at very high SNR levels. Furthermore, in practical implementations clipping noise is one of the major sources to transmitter EVM when the power amplifier is operating at the maximum output power. Reducing data power obviously reduces the output power of OFDM symbols with CRS as well. For example, reducing the data power with 9 dB reduces the average output power of OFDM symbols carrying CRS by nearly 4 dB (and even more for the case of single antenna port) with respect to the maximum output power. Hence, in practical implementations of LP-ABS we can expect EVM in reduced power subframes to be significant lower than the 8% stipulated by the RAN4 minimum requirements due to less clipping noise. It can be shown for LP-ABS and 
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dB that an EVM reduction of 1.5% would imply an EVM impact on the effective SINR corresponding to maximum output power with EVM=8% and 
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 (see figure 1 lower). It can further be noticed that transmitter EVM impacts are independent of transmission modes when data is scheduled in normal subframes. Hence, it may also impact DM-RS based transmission modes such as TM9.
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Figure 1 Effective SINR with RAN4 EVM requirements (upper) and LP-ABS (lower)
Impact of transmitter EVM on system performance
In this section system performance of LP-ABS and zero-power ABS is evaluated by modeling BS transmitter EVM in accordance with the effective SINR expression (1) assuming 8% EVM. The simulation set up is similar to [3]; thus we consider ITU channel modeling, non-full buffer traffic model, 4 pico’s per macro cell, transmission mode 4 and ABS ratios genie-optimized for the 5th percentile in each scenario. In order to avoid receiver impairments due to imperfect CRS interference cancellation, ideal CRS cancellation of strongest neighbor cell is considered.
Figure 2 depicts the cell edge and the average user throughputs for different cell selection offsets (CSO), where the transmit power of the data is reduced with the same amount as the CSO, i.e.
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. We notice that with 8% EVM modeling the user throughputs are roughly reduced with 10 to 20% for both zero-power ABS and LP-ABS in comparisons with results for no EVM. It can further be noticed from figure 2 that there are basically no larger differences in EVM impact at CSO=0 and CSO=9. The following observation can then be made:
Observation 4: The relative performance degradations in both cell edge and average user throughputs due to transmitter EVM are in the same range for zero-power ABS and LP-ABS for power reductions of 0 to 9 dB
Based on above observations, we propose the following:

Proposal 1: Signaling of higher-layer parameters 
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for deriving user-specific downlink power allocation parameters in LP-ABS should support parameter ranges up to 9dB power reduction.
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Figure 2 Cell edge and the average user throughputs for different cell selection offsets (CSO) and EVM impact for ABS and LP-ABS
3. Conclusion
In this contribution, further system evaluations on LP-ABS were conducted by taking the RAN4 feedback on minimum requirements on BS transmitter EVM into account. User cell edge and average throughputs were compared with corresponding user throughputs obtained with zero-power ABS and LP-ABS without EVM impact. Following observations and proposal were made:

Observation 1: Conclusions on 9dB CRE [1] were not based on any explicit SINR ceiling, i.e., no Tx/Rx RF impairments were taking into account

Observation 2: SINR ceiling of 22dB would reflect RAN4 minimum requirements on transmitter EVM
Observation 3: Reducing data power with 9 dB in LP-ABS would most likely not preclude 64QAM, and definitely not preclude 16QAM and QPSK, due to BS transmitter EVM

Observation 4: The relative performance degradations in both cell edge and average user throughputs due to transmitter EVM are in the same range for zero-power ABS and LP-ABS for power reductions of 0 to 9 dB
Proposal 1: Signaling of higher-layer parameters “
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” for deriving user-specific downlink power allocation parameters in LP-ABS shall support parameter ranges up to 9dB power reduction
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