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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
In this contribution, system performance obtained by introducing an additional set of downlink power allocation parameters for LP-ABS operations is further evaluated, and performance comparisons are made with current Rel-8 option of configuring UEs with one set of 
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2. Discussion
Downlink power allocation on OFDM symbols carrying PDSCH is described in TS 36.213, and refers to specifying UE-specific ratios of PDSCH EPRE to CRS EPRE for OFDM symbols without CRS 
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, respectively. These two parameters can be used for RE power boosting as well as for downlink inter-cell interference coordination. In the current specifications, a UE can be configured with one set of 
[image: image4.wmf])

,

(

B

A

r

r

 so the configured ratio of PDSCH EPRE to CRS EPRE applies to all subframes. With a single set of downlink power allocation parameters the following configuration options may be considered in heterogeneous deployments: 
Option 1: All macro UEs are configured with reduced data power in all subframes
Option 2: At least one set of macro UEs are configured with reduced data power, whereas remaining macro UEs are configured for full power reception

In Option 1 all subframes in a pico cell can be regarded as protected and macro UEs can be scheduled in all subframes. In this case the power reduction can be indicated to neighbor cells via RNTP and there likely wouldn’t be any need to configure pico UEs with resource-restricted measurements. Since macro non-unicast signals and channels are still transmitted with full power, pico UEs need to handle corresponding interference followed by 9dB CRE operations. This option obviously implies that the network is assumed to be excessively interference limited such that a power reduction of the unicast signals and channels of e.g. 9dB will not create excessive outage. However, in excessively interference limited deployments it was shown in [2] that reducing the macro output power provided outstanding system performance in comparisons with zero-power ABS, and thus there wouldn’t be any need for cell range expansion operations in such scenarios. Reducing the macro transmit power is in general not possible as there will be coverage limited users in real-life deployments. Hence, Option 1 doesn’t seem to be realistic.
In Option 2 some macro UEs will be scheduled in lower power (LP) subframes whereas macro UEs configured for full power data reception will thus be scheduled in non-ABS, as illustrated in figure 1. In principle UEs configured for reduced power data reception could be scheduled in all subframes (as in Option 1) but would then compete on resources with UEs that can only be scheduled in non-ABS. Another potential issue by transmitting data of different powers in same subframes is the EVM aspects addressed in [3]. If e.g. reduced power is only considered in a few RBs of a fully loaded subframe the average output power of the BS will be close to its maximum output power, for which transmitter EVM may degrade the performance significantly. With Option 2 the optimization of ABS patterns needs to take into account the restrictions that macro UEs can be scheduled with either low or high power in certain subframes only, and in addition it also needs to accommodate for traffic load and characteristics of CRE users in a set of pico cells. In real-life networks the packet data traffic is typically excessively bursty and in such scenarios scheduling restrictions could have a very negative impact on the system performance.
In general, reducing scheduling flexibility degrades the system performance and therefore we can expect a loss by partitioning macro UEs into transmit power sets that prevent users to be scheduled in any subframe. With a second set of downlink power allocation parameters, a UE could be configured for reception of data in both reduced and full power subframes as illustrated in figure 2.
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Figure 1 Macro users configured to demodulate data transmitted with either reduced or full power
.
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Figure 2 Macro users configured to demodulate data transmitted with both reduced and full power
In Table 1 we compare the system performance obtained with macro UEs configured with a single sets of downlink power allocation parameters (figure 1) versus configuration of two sets (figure 2) . The simulation set up is similar to [4]; 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 the case of single sets, macro UEs are configured to be scheduled in LP subframes if SINR are above X dB, where we in Table 1 consider X=5 and X=20. The power on the data in LP subframes is reduced with the same amount as considered CRE, where
[image: image7.wmf]A

B

'

'

r

r

=

. In non-ABS, 
[image: image8.wmf]1

=

=

A

B

r

r

. From Table 1 we conclude that configuring macro UEs with two sets of downlink power allocation parameters outperforms the single set Option 2. Hence, these results underline the RAN1 agreement [1] that signalling support for LP-ABS is needed. Based on the evaluation results and above discussions, we make the following observation and proposal:
Observation 1: 100% performance gain in 5th percentile user throughputs is obtained by introducing an additional set of downlink power allocation parameters
Proposal 1: Introduce RRC signalling of an additional set of parameters 
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for deriving corresponding 
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to be applied in demodulation of data in reduced power subframes
Table 1 5th percentile user throughputs, percentage numbers with respect to two sets 
	Config 1
	UE configured with a one set 
	UE configured with two sets [Mpbs]

	
	LP if SINR > 5dB
	LP if SINR > 20dB
	

	CRE at 0 dB
	-55%
	-70%
	6.8

	CRE at 6 dB
	-53%
	-52%
	8.8

	CRE at 9 dB
	-49%
	-50%
	8.9


3. Conclusion
In this contribution, system performance obtained by introducing an additional set of downlink power allocation parameters for LP-ABS operations was evaluated, and performance comparisons were made with current Rel-8 option of configuring UEs with one set of (
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Observation 1: 100% performance gain in 5th percentile user throughputs is obtained by introducing an additional set of downlink power allocation parameters

Proposal 1: Introduce RRC signalling of an additional set of parameters 
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to be applied in demodulation of data in reduced power subframes
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