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1 Introduction

Almost blank subframes (ABS) are generally used in HetNet scenarios by an aggressor cell in order to create protected subframes in a victim cell, where the interference is substantially smaller than in unprotected subframes. To this end, two CSI reporting sets can be configured that may correspond to the channel conditions in protected and unprotected subframes, respectively.

Due to the reduced interference from the aggressor cell in protected subframes, the SINR in protected subframes is substantially higher than in unprotected subframes. This is observed by generally higher CQI levels that are reported by the corresponding UEs.

This document presents some statistics about measured CQI levels in protected subframes taking into account both zero power and low power ABS, and discusses how the good channel conditions might be better exploited by improved CQI feedback.

2 Analysis of CQI levels in ABS
The basic scenario for the analysis is a HetNet deployment with a Macro cell serving as the interference aggressor, and pico victim cells with attached pico UEs.

In protected subframes of the pico cell, i.e. subframes where the Macro cell is employing ABS, the PDSCH interference observed by the pico UEs is greatly reduced compared to the unprotected subframe case. A statistical analysis of observed reported subband CQI levels in protected subframes by pico UEs is shown in Table 1.
Table 1: Measured CQI levels (pico UEs, protected subframes)

	CQI index
	Percentage in ABS (zero power)
	Percentage 
in low power ABS 
(9 dB power reduction)
	Percentage
in low power ABS 
(9 dB power reduction
with 9 dB CRE bias

	0
	 = 26.9
	 = 34.6
	 = 52.4
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	11
	6.8
	8.4
	7.9

	12
	6.9
	9.2
	7.6

	13
	7.6
	8.6
	6.5

	14
	8.2
	7.9
	6.0

	15
	43.5
	31.4
	19.6


Table 2: Analysis of CQI level 15 (margin against level 15 SINR threshold)

	CQI Level 15: Conditions
	Percentage in ABS (zero power)
	Percentage 
in low power ABS 
(9 dB power reduction)
	Percentage
in low power ABS 
(9 dB reduction)

with 9 dB CRE bias

	>= 0 dB margin
	43.5
	31.4
	19.6

	>= 3 dB margin
	32.1
	19.0
	12.0

	>= 6 dB margin
	21.2
	11.1
	6.8

	>= 9 dB margin
	13.1
	5.8
	3.6


Overall, we can see from Table 1 that for fully protected subframes where the aggressor doesn't transmit any power, more than 40% of the reported CQI levels would be equivalent to level 15. In addition, Table 2 further breaks down the statistics for CQI level 15. A very large percentage of the reported level 15 shows a substantial offset against the minimum SINR threshold required for CQI level 15.
In case the eNB had an understanding e.g. about the power offset, this could be utilised in order to improve the scheduling decision in a PF scheduler, and/or adjust the link adaptation parameters.
Even when operated with a CRE bias of 9 dB, the SINR of the UEs within the non-cell range expansion area should be equivalent to the case with 0dB bias. Due to the additionally attached UEs located in the cell range expansion area, low SINR values are added. 

According to the simulation, without CRE bias 41% of UEs are attached to pico cells. With a CRE bias of 9 dB, 65% of the UEs are attached to the pico cells. Therefore, even with a CRE bias of 9dB, 41% of all UEs are located in the non-cell range expansion area and these 41% would observe SINR values within CQI level 15 with a probability of 43.5%. In case of a CRE bias of 9 dB, this means that 63% of all pico UEs face the situation as shown for the zero power case. We see this area needs to be improved.
3 Possible report modifications
Currently, CQI level 15 is reported if the CQI reference resource can achieve a BLER of 10% or less with 64-QAM and a code rate of 948/1024(0.926.
In order to improve the available information at the pico eNB in protected subframes, we currently see two possible paths: modifications without additional overhead, and modifications with additional overhead.

Modifications without additional overhead

In this category, we think it is most straightforward to utilize the subband differential CQI report property to report channel conditions that are substantially better than the minimum requirement for CQI level 15. Recalling that in aperiodic mode 3-0/3-1 the subband differential can represent up to +2 CQI levels, it is possible to define virtual CQI levels 16 and 17 that represent a higher spectral efficiency, or the same spectral efficiency as level 15, but with added information. The added information is preferably one of the following:
Solution a)
Power offset against the minimum requirement of CQI level 15

Solution b)
BLER threshold that is not exceeded

In practice, this could mean the following structure:

	CQI index
	modulation
	code rate x 1024
	efficiency
	Solution a)
	Solution b)

	0
	out of range
	
	

	1
	QPSK
	78
	0.1523
	
	

	2
	QPSK
	120
	0.2344
	
	

	3
	QPSK
	193
	0.3770
	
	

	4
	QPSK
	308
	0.6016
	
	

	5
	QPSK
	449
	0.8770
	
	

	6
	QPSK
	602
	1.1758
	
	

	7
	16QAM
	378
	1.4766
	
	

	8
	16QAM
	490
	1.9141
	
	

	9
	16QAM
	616
	2.4063
	
	

	10
	64QAM
	466
	2.7305
	
	

	11
	64QAM
	567
	3.3223
	
	

	12
	64QAM
	666
	3.9023
	
	

	13
	64QAM
	772
	4.5234
	
	

	14
	64QAM
	873
	5.1152
	
	

	15
	64QAM
	948
	5.5547
	
	

	16
	64QAM
	948
	5.5547
	>= 3 dB margin against level 15
	BLER <= 10-2

	17
	64QAM
	948
	5.5547
	>= 6 dB margin against level 15
	BLER <= 10-3


Table 3: Extended CQI table for protected subframes

Since levels 16 and 17 could only be reached through the subband differential CQI representation, the payload for the wideband CQI is still 4 bit and the payload for each subband CQI is still 2 bit.

An alternative solution (Solution c) would be to semi-statically configure a power offset value that the UE should apply to the measured SINR before calculating the CQI according to the existing table. The power offset should only be applied in protected subframes.
Solutions with additional overhead

The existing CSI feedback could be modified so as to include more bits for the wideband and/or subband CQI reports, possibly using a similar extension as shown in Table 2. However particularly extending the subband CQI payload from 2 to 3 bits per subband would add a significant relative overhead.

Alternatively, the UE could include a margin parameter consisting of very few bits that would indicate a power offset value that it has applied before calculating the CQI levels from the measured SINR. This would be corresponding to the configured offset above
4 Conclusion
We observe from simulations that more than 40% of measured CQI levels in protected subframes (ABS with no transmission by the macro eNB) may be represented by CQI level 15, out of which more than 70% are measured with a more than 3dB power margin against the minimum threshold for CQI level 15. In case of protected subframes with low transmission power, the effect is smaller but nevertheless present. We suggest to study and consider possible improvements to CQI reporting in protected subframes to better exploit the channel capacity.
Appendix A

	Simulation Parameter
	Setting

	Deployment scenario
	Configuration 4b as defined in TR 36.814;
57 macro cells, 4 pico cells and 30 UEs dropped per macro cell

	Serving cell attachment 
	RSRP-based (with bias in case of cell range expansion)

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Macro cell ISD
	500 m

	Max Macro Tx Power
	46 dBm

	Max Pico Tx Power
	30 dBm

	Noise PSD
	-174 dBm/Hz

	Macro eNB antenna pattern
	3D antenna pattern, 120 degree sector

	Macro eNB antenna downtilt
	15 degrees

	Pico eNB antenna pattern
	2D antenna pattern, Omni-directional

	Macro eNB antenna gain (including cable loss)
	14 dBi

	Pico eNB antenna gain
	5 dBi

	Minimum distance between Pico eNBs and Macro eNBs
	35 m

	Minimum distance between 
Pico eNBs
	40 m

	Minimum distance between 
Macro eNB and UEs
	35 m

	Minimum distance between 
Pico eNB and UEs
	10 m

	Fast Fading Channel 
	Macro cells: ITU UMa
Pico cells: ITU UMa

	MIMO transmission modes
	DL transmission mode 4 
(closed loop 2x2 MIMO with dynamic rank adaptation)

	CSI Feedback 
	Sub-band CQI (PUSCH mode 3-1)

	Path loss model
	Model 1 as defined in TR 36.814


