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Discussion
1
Introduction

During the previous RAN4#71 meeting, important progress has been done with respect to the joint blind detection of interference parameters in NAICS [3][4]. There are however remaining open issues, especially related to the blind detection/signalling of ZP and NSP CSI-RS configurations, PDSCH starting symbol, QCL information if interference is TM10. 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 [7] 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 [5] 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 [6] we have presented further performance of blind detection reliability of PA in addition to other blindly detected parameters, namely PMI and modulation. We have also considered the blind detection when 4CRS APs are utilized by interfering eNB.
In the following we investigate the blind detection reliability of PA in addition to other blindly detected parameters, namely PMI and modulation. We also investigate the impact of CSI-RS configurations as well as the PDSCH starting OFDM symbol.
2.1 Joint blind detection of modulation, PMI and PA
As the joint blind detection for PA, PMI and modulation has been endorsed in a previous meeting [3], in the following we focus on the number of PA values which can be considered from joint blind estimation perspective. 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 signaling 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 current choices being between 3 or 4 values. 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. We are also considering the case of 4 transmit antennas, hence the blind detection of the PMI is in the context of 4 CRS ports. 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%: INR2 = [7.77 dB, 2.29 dB]

	Transmission mode of useful signal /interfering signal
	TM6 / TM6

	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 

	Number of used PRBs in the blind estimation process
	3 PRBs

	Receiver structure
	SLIC


In Figure 2  we present link performance when NAICS blind detection is performed for PA (four PA hypothesis considered in blind estimation), PMI and modulation in the case of 4Tx transmission. The blind detection is performed over 3PRBs. In order to have a closer view on the impact of specific PA values, different sets of PA  have been considered covering 3 and 4 PA hypothesis.
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Figure 1: Joint blind detection of PA, PMI, modulation, MCS 5/5/5, INR2.
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Figure 2: Joint blind detection of PA, PMI, modulation, MCS 5/14/14, INR2.
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Figure 3: Joint blind detection of PA, PMI, modulation, MCS 14/5/5, INR2.
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Figure 4: Joint blind detection of PA, PMI, modulation, MCS 14/14/14, INR2.

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.
· four options for PA subset performs similar to three PA values.
· The potential use of PA subset restriction should be discussed only when considering the total NAICS UE complexity.
2.2 Impact of PDSCH starting symbol 
Problem: The PDSCH starting symbol in the interfering cell may be different than the serving cell due to the scheduling decision of each cell. Two effects may happen in the sense that: 1. The interfering PDSCH area may span less OFDM symbols than the NAICS UE PDSCH, in this situation the control area of the interferer collides with the NAICS PDSCH, 2. The interfering PDSCH area may span more OFDM symbols than the NAICS UE PDSCH, in this situation there is no issue from the NAICS UE PDSCH perspective, however UEs from the interfering eNB would get an impact from control symbols from an interfering eNB. Hence the problem boils down at the collision of one or more control OFDM symbols with the PDSCH. 

In terms of PDSCH starting symbol signalling, several options are possible: 
1. signalling of the PDSCH starting symbols (with a potential penalty on the network flexibility if the starting symbols changes per TTI basis), 
2. a UE assumption on the PDSCH starting symbols, where in the most conservative case it can be assumed that the UE applied IC only on the PDSCH regions, for example not using IC on the first three (or four in low BW OFDM symbols). We note that the PDCCH load in terms of used CCEs may have an influence on the interference penalty on the PDSCH.
3. a blind detection of PDSCH starting symbol.
Simulation Setup: two IC effects have been considered in the following. 
1. The impact of not cancelling full PDCCH control symbols has been investigated by considering different number of PDSCH symbols (PDCCH symbols respectively) for the NAICS UE and the interferer. 
2. As the PDCCH area is not fully occupied by CCEs, different PDCCH loads have been considered such as 100% and 20% PDCCH load. 
Table 2: link level simulation assumptions for PDSCH starting symbol
	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
	TM6 / TM6

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

	PDSCH starting symbol assumptions
	See figures captions
Different PDCCH loads: 20 and 100%.

	MCS of interfering signal
	See figures captions

	Number of used PRBs in the blind estimation process
	3 PRBs

	Receiver structure
	SLIC


In Figure 5 - Figure 10 we show the impact of PDSCH starting symbol for different modulation combinations of interferer and NAICS UE as well as for different INRs. CFI denotes starting symbol of serving cell, iCFI denotes starting symbol of interferer. “Fixed iCFI 3” denotes that receiver assumes iCFI to be 3/11, otherwise receiver assumes iCFI=CFI.  
Taking as an example the curves in Figure 5, the following cases have been considered: 
1. The upper bound of 2 PDCCH symbols and 12 PDSCH symbols for both NAICS UE and interferer, i.e. [CFI 2/12 | iCFI 2/12]

2. Similar as case 1 but with the utilization of SLIC only for 11 PDSCH symbols, [CFI 2/12 | iCFI 2/12 | Fixed iCFI 3], hence allowing for one OFDM symbol not to be cancelled, this corresponding to a potential solution of a fixed PDSCH starting symbol assumption, like for example considering in the NAICS UE the minimum number of PDSCH symbol no matter of the actual number of PDSCH symbols. 
3. In four cases we have considered an actual mismatch of 1 PDCCH symbols between the interferer and NAICS UE, [CFI 2/12 | iCFI 3/12 | Fixed iCFI 3/ iCFI=CFI]. Also the PDCCH load has been varied.  This 1 PDCCH OFDM symbol enters interference cancellation if receiver assumes “iCFI=CFI” and is not cancelled if receiver assumes “Fixed iCFI 3”.
The following operation modes and observations can be described: 
1.       If the UE assumes the same starting point as own PDSCH (CFI/iCFI):  the performance varies from optimal (when same PDSCH start position is for both NAICS UE an interferer) and a mismatch of two symbols (difference between magenta and black curves). 
2.       If the UE assumes the most conservative starting point (Fixed iCFI=3): * optimal performance happens in case the interfering PDSCH starting in symbol 3 depending on the PDCCH load between dashed green & red, * Loss similar to red solid line in case of a single symbol offset (iCFI=2), * Largest loss in case that two symbols are effected - in case of having 2 symbol PDSCH interference not cancelled (no reference line)
3.       If the UE assumes the min(CFI,2) – 2 PDCCH symbols for interference assumed fixed in the receiver: *       Optimal performance similar to black line: own PDSCH starting in symbol 3, * Optimal operation in case the interfering PDSCH starting in symbol 2 – depending on the PDCCH load between dashed green & red, *      Loss similar to red solid line in case of a single symbol offset (iCFI=1), * Loss similar between magenta & green solid line (i.e. trying to cancel 1 PDCCH symbol). * Loss for having one symbol cancelled that contains PDCCH (no reference).
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Figure 5: PDSCH starting symbol impact on NAICS performance. Genie parameter estimation, MCS 5/5/5, INR3. 
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Figure 6: PDSCH starting symbol impact on NAICS performance. Joint BD of Pa, PMI, modulation. MCS 5/5/5, INR3. 
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Figure 7: PDSCH starting symbol impact on NAICS performance. Genie parameter estimation, MCS 14/5/5, INR2
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Figure 8: PDSCH starting symbol impact on NAICS performance. Joint BD of Pa, PMI, modulation. MCS 14/5/5, INR3. 
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Figure 9: PDSCH starting symbol impact on NAICS performance. Genie parameter estimation, MCS 14/14/14, INR2
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Figure 10: PDSCH starting symbol impact on NAICS performance. Joint BD of Pa, PMI, modulation. MCS 14/14/14, INR2. 
Observations for PDSCH starting symbol. 

· Fixed, conservative PDSCH starting symbol assumption provides good performance
· PDCCH load had an impact on the cancelation efficiency, however we note that the PDCCH IC as such is not part of this discussion.

· Cancelling one PDCCH symbol (assuming it as part of PDSCH) has larger performance penalty compared to conservative PDSCH starting symbol assumption.
2.3 CSI-RS impact on NAICS IC
Problem: The benefits of signalling of exact interfering transmission point CSI-RS configuration(s) to the NAICS UE are under discussion in RAN1 while RAN4 further considers the performance impact/benefit of such signalling. In previous discussions, the following benefits of CSI-RS signalling have been identified:

1. UE may clearly exclude occupied REs from the total pool of REs available for blind detection (BD) and interference cancellation (IC). 
2. UE may perform CSI-RS IC. 
3. RE-pair/precoder cycle desynchronization respectively, may be prevented for interfering TM2/TM3. 
In the following we address points 1 and 3. 
Simulation Setup and results:  In Figure 11 we present the performance of joint BD of Pa, PMI, modulation, when CSI-RS configuration of interfering transmission point is unknown to the NAICS UE.  We have configured one 2 port NZP pattern and one 4port ZP pattern with 5ms periodicity, and we have observed the impact on NAICS UE performance. Results show that the low density of CSI-RS has no impact on TM6 IC as well as BD performance.   

In Figure 12 we present the case when NAICS UE in TM 6 is cancelling TM2 interference when exact CSI-RS configuration of interfering transmission point is unknown. The NAICS UE is aware only of the time offset and periodicity, which has been set to 5ms. In the subframes, where CSI-RS are present, NAICS UE performs IC only on OFDM symbols, in which CSI-RS cannot be present. In the other OFDM symbols, namely [5 6 9 10 12 13], the NAICS receiver employs only IRC operation. We observe that the majority of the gain is preserved. 

The link level simulation assumptions are summarized in Table 3.
Table 3: link level simulation assumptions for CSI-RS impact on NAICS IC

	Parameter
	Value

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

5%-25%: INR2 = [7.77 dB, 2.29 dB]

	Transmission mode of useful signal /interfering signal
	TM4 rank 1 / TM4 rank 1  [6 6 6]

TM4 rank 1 / TM2  [6 2 2]

	MCS of useful signal
	MCS#5: QPSK

	PMI and rank assumption in UE
	Blind detection (joint modulation, PMI, Pa), other parameters known



	Number of used PRBs in the blind estimation process
	3 PRBs

	MCS of interfering signal
	MCS#5: QPSK

	Receiver structure
	SLIC
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Figure 11: NAICS IC performance (joint BD of Pa, PMI, modulation) in case of unknown CSI-RS transmission. TM6 2x2, 5/5/5, INR2.
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Figure 12 TM2 interference cancellation avoiding BD and IC in OFDM symbols [5 6 9 10 12 13] in every 5th subframe with INR2

Observations for CSI-RS impact on NAICS IC

· The signalling of exact CSI-RS configuration(s) of interfering transmission point to the NAICS UE is not needed.

3
Conclusions

In this contribution we have been presenting blind detection performance for Pa, PDSCH starting symbols and the impact of CSI-RS pattern knowledge on NAICS IC. 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.
· four options for PA subset performs similar to three PA values.
· The potential use of PA subset restriction should be discussed only when considering the total NAICS UE complexity.

· Fixed, conservative PDSCH starting symbol assumption provides good performance

· PDCCH load had an impact on the cancelation efficiency, however we note that the PDCCH IC as such is not part of this discussion.

· Cancelling one PDCCH symbol (assuming it as part of PDSCH) has larger performance penalty compared to conservative PDSCH starting symbol assumption.
· The signalling of exact CSI-RS configuration(s) of interfering transmission point to the NAICS UE is not needed.

Proposals: 

· Four PA values should be utilized
· If blind detection of PDSCH starting symbols is not found feasible, fixed, conservative PDSCH starting symbol assumption should be used by NAICS UE.

· The signalling of the exact CSI-RS configuration(s) of the interfering transmission point to the NAICS UE is not needed.
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