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1
Introduction

During the previous RAN4#70bis meeting, important progress has been done with respect to the joint blind detection of interference parameters in NAICS [3]. There are however remaining open issues, especially with the size of various parameter sets. It has been also debated the PMI blind estimation in case of 4CRS AP configured for the interferer.  In this contribution we present results with respect to blind detection performance. 
2
Blind detection
The current agreement [3] on blind detection for CRS based TMs, stipulates that: 

“Dynamic parameters namely modulation, PMI, RI, presence of interferer can be jointly and blindly detected for 2 CRS Aps case under assumption that remaining semi-static parameters, PA, and TM are known and under scenarios studied in RAN4.”
In [5] we have been presenting a sensitivity study for parameters like modulation, PMI and rank, PA, the main purpose being to quantify the losses incurred by parameter misdetection. In [4] we have presented blind detection performance for selected parameters like modulation, PMI, PA. Note that in this later study we assumed that all the parameters are known except the ones which are blindly detected. 
In the following we investigate the blind detection reliability of PA in addition to other blindly detected parameters, namely PMI and modulation. We also present results for blind estimation of 4CRS APs.

2.1 Joint blind detection of modulation, PMI and PA
As the joint blind detection for PMI and modulation has been endorsed in the previous meeting [3], in the following we focus on adding the PA blind estimation to the joint estimation of modulation of PMI. The parameters PA and PB are used to calculate the ratio of PDSCH EPRE to CRS EPRE. To be more exact, PA defines PDSCH-to-CRS ratio and PB defines an additional PDSCH power offset for OFDM symbols where CRS are present. While the PB is a cell-specific parameter (i.e. common for UEs under one serving cell) and consists of four parameters {0,1,2,3}, PA is  configured through RRC signalling in a UE specific way and the value range is of 8 parameters {-6 dB, -4.77 dB, -3 dB, 1.77 dB, 0 dB, 1 dB, 2 dB, 3 dB}. As the PDSCH-to-CRS ratio of the interfering UE is needed by the NAICS UE in the IC process, the range of PA translates into possible hypothesis to be used in a blind detection loop. A wrong assumption in PA level would result in a wrong power level for the PDSCH in all OFDM symbols. In case the power level is underestimated, the effect is similar to performing soft interference cancelation utilizing a lower symbol weight. It is conceptually clear that such a case does not result merely in a reduced gain with respect to IRC operation. In case the power level is overestimated, the effect is the opposite, where the receiver may actually subtract more interference than there originally was. However, even in this case the performance impact is expected to be tolerable, unless the overestimation is very significant.

As the number of PA options are factorizing the total number of blind detection hypothesis, it has been agreed that the number of PA options need to be limited, the subset size being open for further study. Nevertheless, it should be remembered that network functionality needs to be preserved. From network operation perspective, as the PA is a UE specific parameter, it becomes clear that a single value per eNB is undesirable; hence the UE needs to perform blind detection even from a minimalistic set of PA values.
The simulation setup is as follows. We have assumed PB=1, while different values of PA are considered to be used by serving eNB and interfering eNBs. The NAICS UE is assuming the correct PB while PA is blindly detected from PA subset of {-3 dB, -1.77 dB, 0 dB, 1 dB}. The following results are assuming the ON/ON/ON scenario, so that only the dominant interferer is considered in the IC. More detailed assumptions are presented in Table 1.
Table 1: link level simulation assumptions for PA blind detection
	Parameter
	Value

	Interference scenario
	2 interfering cells with ON/ON/ON assumption; See R4-136905;  5%-25%: INR3 = [13.91 dB, 3.34 dB], INR2 = [7.77 dB, 2.29 dB]

	Transmission mode of useful signal /interfering signal
	TM4 rank 1 / TM4 rank 1

	MCS of useful signal
	MCS#5: QPSK, MCS#14: 16QAM 

	PA and PB assumptions
	Desired transmission: <PB=1, PA={ 0 }>
Interfering transmission (search space for blind detection):
 <PB=1, PA={-3, -1.77, 0, 1}>
Estimated at NAICS UE: <PB=1, PA=blind detection>

	ReferenceSignalPower / Total power
	15.22 dBm ( no boosting or de-boosting) / 43 dBm

	MCS of interfering signal
	MCS#5: QPSK 

MCS#14: 16QAM
MCS#25: QAM64

	Number of used PRBs in the blind estimation process
	3 PRBs, 6 PRBs

	Receiver structure
	SLIC


In Figure 1 and Figure 2 we present link performance when NAICS blind detection is performed for PA (four PA hypothesis considered in blind estimation), PMI and modulation. The blind detection is performed over 3PRBs, unless otherwise stated. In order to have a closer view on the impact of specific blind detection parameters, in Figure 1 we present, in addition to the full blind detection of <PA & PMI & modulation>, several other joint blind detection combinations of <PMI & PA>, <modulation & PA>, <PMI & modulation>. Note that in all blind detection sub-cases, the full set of eight PA hypotheses has been used.
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Figure 1: Joint blind detection of PA, PMI, modulation. 
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Figure 2: Joint blind detection of PA, PMI, modulation.
Observations for joint blind detection of modulation, PMI, PA. 

· PA blind detection does not introduce performance degradation in addition to the joint blind detection of PMI and modulation.
· The current study assumes 4 options for PA subset.
· The potential use of PA subset restriction should be discussed only when considering the total NAICS UE complexity.
2.2 Blind detection of 4 CRS PMI 
Problem: The PMI blind detection is needed only in CRS based modes as for DMRS modes the UE estimates the effective channel. The scenario where 4 CRS PMI is configured for the interferer should be supported by NAICS, as 4 CRS scenarios should not be penalized in 4 CRS deployments. Note that 4 CRS scenarios are already deployed in practice already today.
Simulation Setup: Assuming 4 CRS ports and TM4 in the network, the interfering eNB has been set of transmitting rank 1 and random 4 CRS PMI while the UE was performing blind detection.  

The link level simulation assumptions for rank and PMI blind detection are summarized in Table 2.
Table 2: link level simulation assumptions for rank and PMI blind detection

	Parameter
	Value

	Interference scenario
	2 interfering cells with ON/ON/ON assumption; See R4-136905

5%-25%: INR1 = [3.28 dB, 0.74 dB]

	Transmission mode of useful signal /interfering signal
	TM4 rank 1 / TM4 rank 1

	MCS of useful signal
	MCS#14: QAM16

	PMI and rank assumption in UE
	Blind detection, other parameters known

	Number of used PRBs in the blind estimation process
	6 PRBs, 50 PRB

	MCS of interfering signal
	MCS#5: QPSK,

	Receiver structure
	SLIC


In Figure 3 we present blind detection performance when utilizing 4 CRS PMI for the interferer in INR1 and for 6 and 50 PRB used for blind PMI estimation. 
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Figure 3: PMI blind detection, TM4 4x2, ON/ON/ON, MCS14 as serving MCS, MCS5 as interfering MCS, INR1.
Observations for 4CRS PMI blind detection:
· Reliable blind detection of 4 CRS PMI is possible even in weak interference conditions.
3
Conclusions

In this contribution we have been presenting blind detection performance for PA, modulation, rank and PMI. The following observations can be summarized:
Observations
· PA blind detection does not introduce performance degradation in addition to the joint blind detection of PMI and modulation.
· The current study assumes 4 options for PA subset.
· The potential use of PA subset restriction should be discussed only when considering the total NAICS UE complexity.
· Reliable blind detection of 4 CRS PMI is possible even in weak interference conditions.

Overall observations and recommendations:

· Reliable blind detection is possible with joint blind detection of PA, PMI, modulation.
· 4 CRS PMI interferer blind estimation should be supported in NAICS.
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