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1 Introduction

During RAN1 #68 meeting, some companies expressed concerns on the potential impact of reduced power ABS on RF requirements (specifically, the dynamic range of data RE and the corresponding EVM requirements for different modulation schemes) [1]. Thus, information from RAN 4 about the detailed requirements for the feasibility of dynamic range of data RE is necessary to determine the working assumption for implementing reduced power ABS.   
In this contribution, the evaluation on reduced power ABS was updated considering more realistic (though still a little bit optimistic) assumption on the dynamic range of data RE (up to -9dB for QPSK/16QAM and 0 dB for 64QAM). With such a restriction, we can observe that the performance gain achieved by reduced-power transmission in ABS is susceptible to the exact power reduction level of ABS as well as the CRE bias value, CRS interference handling, etc. Thus, it is proposed to exchange necessary information between victim and aggressor cell to help macro eNB determine the optimum power reduction level in ABS.  
2 Updated evaluation results with realistic assumptions

2.1 Simulation assumption 
In #67 meeting, the system performance with reduced power ABS was evaluated with the assumption that a large power reduction level (up to 16dB) was applied to all modulation schemes [2]. However, as discussed in [3], the realistic power reduction levels for different modulation schemes are restricted by EVM requirements. In current RAN 4 specification [4], the maximum power reduction levels of data RE for QPSK/16QAM/64QAM are -6/-3/0 dB, respectively. With such a restriction, by applying reduced-power transmission in ABS, the reduction of interference to victim cell is too limited to achieve significant performance benefit as well as protection on cell-edge UEs of victim cell. 

However, it seems too restrictive to apply the dynamic range defined in [4] directly to reduced power ABS since it is defined for the subframe with maximum output power of base station. As the RF impairment introduced by EVM is related to the total output power within a symbol, the tolerable power reduction level for date RE may also rise because of the reduction of average output power within the reduced power ABS. Note that due to the presence of CRS and other backward compatible channels, the reduction of output power in ABS is still limited by the OFDM symbols containing CRS REs. 

Based on some analysis given in [5], while considering the output power reduction and keeping the EVM requirements unchanged, the tolerable dynamic range of data RE for CRS symbols (with 2 CRS ports) can be extended to -9/-7 dB for QPSK and 16QAM while still 0dB for 64QAM modulation. Theoretically, the power reduction level for non-CRS symbol is unlimited. However, several factors restrict such an ideal assumption including: 1) the presence of other legacy channels including paging/SIB, synch and broadcasting channels; 2)  transient time to adjust the PA to a stable output power considering the hardware response if the large power difference between successive OFDM symbols; 3) increased complexity for signaling, link adaptation and etc. Therefore, in this evaluation, we keep the power reduction level identical for both CRS and non-CRS symbols, which is shown in Table 1. Note that in this table, some relaxation of power reduction was applied for 16QAM (also up to -9dB) to allow more flexible scheduling and optimistic performance.  
Table 1. Maximum power reduction level for PDSCH Res in reduced power ABS
 (compared with power of CRS REs)
	Modulation scheme for PDSCH
	Maximum Power reduction level 

	QPSK
	-9dB

	16QAM
	-9dB

	64QAM
	0dB


Other detailed simulation assumptions can refer to [2]. 
2.2 Simulation results
As in [2], two extreme cases are evaluated as below and only the relative gains of reduced-power ABS over zero-power ABS are shown: 

· Scheme1: Macro-Pico scenario with CRE/ABS configuration (with zero/reduced power in ABS) and CRS interference modeling without any CRS interference handling;

· Scheme2: Macro-Pico scenario with CRE/ABS configuration (with zero /reduced power in ABS) and perfect CRS interference handling (PDSCH muting modeling) assumed by which the CRS interference from strongest interfering cell is perfectly removed. Rate matching around the REs which are muted is assumed and UE is also aware of it.

Table 2 and Table 3 show the performance gain of reduced-power ABS over zero-power ABS in terms of cell-average and cell-edge for ITU model with configuration 1 and 4b respectively. Both 9dB and 6dB power reduction are evaluated. In addition, for the convenience of comparison, the results with 16dB power reduction (from [2]) are also included. 
Table 2. Performance gain of reduced-power ABS over zero-power ABS for ITU model with configuration 1.
	CRE bias
	Scheme1-CRS interference modelling
	Scheme2-PDSCH muting

	
	6dB
	9dB
	6dB
	9dB

	-16dB power reduction
	Cell average
	4.1%
	3.55%
	2.16%
	1.67%

	
	Cell edge
	7.6%
	4%
	18.7%
	13.73%

	-9dB power reduction

	Cell average
	2.74%
	2.9%
	-2.34%
	-2.62%

	
	Cell edge
	26%
	2.56%
	40%
	9.72%

	-6dB power reduction

	Cell average
	1.05%
	1.54%
	-0.1%
	-0.32%

	
	Cell edge
	32%
	-3.8%
	5.7%
	-18.83%


Table 3. Performance gain of reduced-power ABS over zero-power ABS for ITU model with configuration 4b.
	CRE bias
	Scheme1-CRS interference modelling
	Scheme2-PDSCH muting

	
	6dB
	9dB
	6dB
	9dB

	-16dB power reduction
	Cell average
	2.83%
	2.28%
	0.8%
	0.32%

	
	Cell edge
	3.46%
	1.18%
	7.7%
	1.86%

	-9dB power reduction

	Cell average
	1.3%
	1.45%
	-3%
	-3.2%

	
	Cell edge
	7.8%
	-7.8%
	8.5%
	-11%

	-6dB power reduction

	Cell average
	-5%
	-5.1%
	-5.2%
	-5.2%

	
	Cell edge
	41%
	-3.2%
	5.2%
	-25%


Table 4 and Table 5 give the corresponding results with 3GPP model 1 channel. 

Table 4. Performance gain of reduced-power ABS over zero-power ABS for 3GPP model 1 with configuration 1.
	CRE bias
	Scheme1-CRS interference modelling
	Scheme2-PDSCH muting

	
	6dB
	9dB
	6dB
	9dB

	-16dB power reduction
	Cell average
	3.26%
	2.4%
	-1.5%
	-1.5%

	
	Cell edge
	10.32%
	17.5%
	16%
	19%

	-9dB power reduction

	Cell average
	1.18%
	0.9%
	-7%
	-7%

	
	Cell edge
	50%
	51%
	60%
	55%

	-6dB power reduction

	Cell average
	-1.2%
	-1.2%
	-5.8%
	-5.6%

	
	Cell edge
	71%
	59%
	66%
	26%


Table 5. Performance gain of reduced-power ABS over zero-power ABS for 3GPP model 1 with configuration 4b.
	CRE bias
	Scheme1-CRS interference modelling
	Scheme2-PDSCH muting

	
	6dB
	9dB
	6dB
	9dB

	-16dB power reduction
	Cell average
	0.68%
	0.15%
	-4.4%
	-4.7%

	
	Cell edge
	17.8%
	16.5%
	15.2%
	12.4%

	-9dB power reduction

	Cell average
	-3%
	-3%
	-11%
	-11%

	
	Cell edge
	53%
	30%
	51%
	27%

	-6dB power reduction

	Cell average
	-10%
	-10%
	-14%
	-16%

	
	Cell edge
	76%
	59%
	60%
	52%


Based on these evaluation results, some observations can be summarized as: 
· The limited power reduction in ABS subframe may introduce  performance loss, especially of cell-average throughput
· Larger losses are observed in 3GPP channel model 1 and with  CRS interference handling scheme (scheme 2).

· The loss seems unsusceptible to the CRE bias (almost same for 6dB and 9dB bias)

·  Obvious cell-edge performance gain is achieved by decreasing power reduction level of ABS from 16dB to 9dB except in the case of ITU model with configuration 4b. 
· CRE bias value has an important impact on the gain. The larger the CRE, the less the gain. 
In general, we can conclude that whether there is a benefit or loss from reduced power ABS (comparing to zero power ABS) depends on scenarios (ITU vs 3GPP), UE distribution (configuration 1 vs 4b), and capability of CRS interference mitigation. Therefore, the optimal value of power reduction level of ABS (and CRE value) varies.
3 Posssible signaling support of reduced power ABS
In this section, the possible signaling support of reduced power ABS on the Uu interface and X2 interface is discussed.
· Air-interface signaling 
As larger dynamic range (compared to normal subframe) is potentially allowed for QPSK/16QAM in reduced power ABS, an additional signaling seems to be needed to indicate such a power difference between two types of subframes. However, by some implementation and scheduling scheme, it is also possible to avoid configuring both sets of power levels for a UE. For example, a UE may be always scheduled within one type of subframe (normal subframe or reduced power ABS) with some limitation on scheduling and resource usage. Another possibility is to use transmission modes that do not rely on CRS, for example TM9.
If two sets of power levels are to be configured for a UE, two additional issues need to be considered: 1) how to inform UE of the two sets of power levels; 2) how to inform UE in which subframes each set of power level applies for. 

For the first issue, it is preferred to use a RRC signaling to indicate: 

· one additional set of (Pa, Pb) independent on original (Pa, Pb); or
· one offset value compared to original (Pa, Pb); or
· one upper-bound value which indicates the maximum EPRE within the reduced power ABS, by which the power above this value is assumed to be cutoff in actual transmissions.
For the second issue, it seems both RRC signaling to inform two types of subframes (like restricted CSI measurement mechanism in R10) or dynamic PHY indication are possible, even though the latter may need to introduce a new DCI format. 
· X2–interface signaling
As observed in section 2, the benefit from reduced power ABS depends on many factors and the optimal value varies. To obtain the optimal value, it is preferred to introduce some X2 indications to help macro cell to finely adjust power level of ABS subframe to catch up with the change of interference and load scenarios and take advantages of ABS to achieve good system performance as well as protection of victim cell. The potential X2 signaling can follow the logic of handshaking mechanism by which the ABS pattern is exchanged between eNBs and may include: 
· Victim cell informs aggressor cell of the recommended transmit power and/or expected power reduction in ABS subframe to guarantee the reliability of control channel; and/or
· Aggressor cell feedbacks victim cell the actual power reduction level of ABS at the request of victim cell.
Proposal: The information to help macro eNB determine optimal power reduction level in ABS should be exchanged between aggressor cell and victim cell. 
4 Conclusion
In this contribution, the performance reduced power ABS was re-evaluated with considering more realistic (even still a little bit optimistic) working assumption on the dynamic range of data RE.  According to the evaluation, it is observed that:
Whether there is a benefit or loss from reduced power ABS (comparing to zero power ABS) depends on scenarios (ITU vs 3GPP), UE distribution (configuration 1 vs 4b), and capability of CRS interference mitigation. Therefore, the optimal value of power reduction level of ABS (and CRE value) varies.
Moreover, based on such an observation, we further propose that
Proposal: The information to help macro eNB determine optimal power reduction level in ABS should be exchanged between aggressor cell and victim cell. 
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