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1. Introduction
During RAN4#70, blind detection performance of dynamic interference parameters was discussed and the agreements in [1]

 REF _Ref383416610 \r \h 
[2]

 REF _Ref383416613 \r \h 
[3] were made. During the ad-hoc session on NAICS [1], it was further agreed to continue performance evaluations for blind interference parameter estimation. Subsequently, RAN#63 decided to stop the NAICS study item and start the work item phase. The work item description [4] then lists the following as first task to be executed by RAN4:
· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.

· As a starting point, parameters are those identified in the study item phase as desirable for blind detection, namely: 

· Presence or absence of interference 

· Transmission modes (TM)

· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and SFN pattern

· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA

· CFI (if not coordinated and required by receiver implementation)
In this contribution, we provide preliminary simulation analysis in relation to blind interference parameter estimation in terms of joint detection performance of presence/absence of interference, transmission rank, PMI (if applicable) and transmission mode, including the impact of possible parameter set restrictions.
2. Blind detection performance of dynamic interference parameters
Simulation assumptions
The simulation methodology and assumptions are as follows:
· The Phase-2 link-level evaluation methodology is chosen (e.g. with dynamic ON/OFF for each of the two explicitly modeled interfering cells) [3];
· NAICS Scenario 1 (homogeneous network deployment, ISD=500 m) is assumed. Signal-to-interference and noise ratio (SINR) and interference-over-noise levels are set in accordance to the values for Scenario 1, focusing on the case of low geometries (5-25%-tile) and 40% average resource utilization (RU): 
· We consider the 50%-tile value for the level of the 1st interferer (I1/Noc) and the associated conditional median value for the level of the 2nd interferer (I2/Noc). The corresponding agreed values are taken from Table 6 of reference [3]:
· I1/Noc(40%)@50%-tile = 7.77 dB;
· Conditioned median I2/Noc = 2.29 dB.
· Dynamic ON/OFF modelling parameters for rank and MCS distributions as set according the parameters agreed in Table 14 of reference [3] for Scenario 1 and 40% RU:
Table 1: Dynamic ON/OFF modelling parameters from [3] for Scenario 1 @40% RU.
	Rank
	Rank-1
	Rank-2

	Modulation
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM

	Chosen MCS
	6
	13
	20
	6
	13
	22

	Normalized Packet Probability
	6.5%
	17.6%
	22.4%
	4.8%
	15.7%
	32.9%


· Extended Vehicular-A (EVA) fast fading channel profile is simulated at link level assuming 5 Hz Doppler frequency.
· Interference parameter detection is limited to the strongest PDSCH interferer, which is in line with the agreement [4] to limit the scope of Rel-12 NAICS to a total number of layers (serving + interfering) up to 3 and number interferer to cancel to 1.
· Each of the modeled base stations is equipped with 2 CRS ports:

· CRS collide between the serving cell and the 1st (strongest) interfering cell. The 2nd interferer CRS are non-colliding. CRS interference cancellation is assumed at the UE in order to improve channel estimates towards both the serving and the interfering cell.

Joint TX/DTX/RI/PMI/modulation detection performance 
We investigate the performance of joint blind detection for the following dynamic parameters:

· Presence (TX) or absence (DTX) of PDSCH interference (see Figure 1); 

· Transmission rank (see Figure 2);

· Precoding matrix index (PMI), analyzed separately for rank-1 and rank-2 transmission (see Figure 3);

· Modulation order, analyzed separately for rank-1 and rank-2 transmission (see Figure 4 and 5).
In addition to the parameters provided in Section 2.1, we further assume that: 

· The serving cell SINR ranges here from -8 dB to 6 dB, noting that from the agreed system level statistics [3], the minimum observed SINR for the considered Scenario 1 was -3.70 dB while the maximum was 1.14 dB.
· We assume TM4 type of interference (without fallback to transmit diversity scheme) with rank and MCS statistics according to Table 1.

· In these simulations, the UE does not perform blind TM detection and thus assumes TM4 type of interference (without searching here for possible fallback to transmit diversity scheme). The impact of blind TM detection is analyzed separately in Section 2.3. 

· The estimation is performed over a bandwidth of 3 PRB. We recall that the interference models agreed in RAN4 assume full-band interference transmission of a given rank, PMI and MCS whenever the interfering cell transmits a packet. When the interferer does not have data to transmit in the buffer, it keeps transmitting CRS.
· Detection errors are logged sequentially such that {rank, PMI, modulation order} are calculated only in case of successful TX detection. Then, {PMI, modulation order} statistics are accumulated only when decisions on the transmission rank are correct. 
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Figure 1: PDSCH presence detection for the strongest interferer vs. serving cell SINR (TX=PDSCH present, DTX=not present), 3 PRB for estimation.
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Figure 2: Rank detection performance vs. serving cell SINR – 3 PRB for estimation.
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Figure 3: PMI detection performance vs. serving cell SINR – 3 PRB for estimation.
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Figure 4: Modulation detection performance (rank=1) vs. serving cell SINR – 3 PRB for estimation.
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Figure 5: Modulation detection performance (rank=2) vs. serving cell SINR – 3 PRB for estimation.


Based on the provided simulation results, the following observations can be made:

Observation 1: 
The performance of blind detection of interference parameters is stable throughout the studied SINR range. 
Observation 2: 
TX/DTX, rank and PMI detection error rates are deemed acceptable at least for 2Tx case, pending confirmation of impact in terms of throughput performance.

Observation 3: 
Modulation is correctly detected in ~63% of the simulated cases for rank-1 interference, with ~5/10/22% of false QSPK/16QAM/64QAM detections, respectively.

Observation 4: 
Modulation is correctly detected in ~50% of the simulated cases for rank-2 interference, with ~9/31/10% of false QSPK/16QAM/64QAM detections, respectively. 

Observation 5: 
While the proportions of QPSK and 16QAM false detections are moderate for rank-1 interference, they become significant in the rank-2 case. The impact at throughput level needs to be further checked.

We conclude this analysis on the following proposal:
Proposal 1: 

More studies are needed to confirm the feasibility of blind estimation of dynamic interference parameters, especially for rank-2 modulation detection. 
Performance vs. estimation bandwidth 
In this section, we investigate the sensitivity to the estimation bandwidth and hence to the total number of samples used for blind interference parameter estimation. Simulation assumptions are here the same as in Sections 2.1 and 2.2, except for the serving cell SINR condition set to 0 dB and the blind parameter estimation bandwidth which spans {1, 3, 6} PRB(s).
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Figure 6: PDSCH presence detection for the strongest interferer (TX=PDSCH present, DTX=not present) vs. number of PRBs for estimation.
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Figure 7: Rank detection performance vs. number of PRBs for estimation – Serving cell SINR=0dB.
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Figure 8: PMI detection performance vs. number of PRBs for estimation – Serving cell SINR=0dB.
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Figure 9: Modulation detection performance (rank=1) vs. number of PRBs for estimation – Serving cell SINR=0dB.
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 Figure 10: Modulation detection performance (rank=2) vs. number of PRBs for estimation – Serving cell SINR=0dB.


Based on the results provided throughout Figures 6-10, we draw the following observations:

Observation 6:

A slight increase is observed in the performance of TX/DTX detection and rank-2 PMI detection when the estimation bandwidth increases.

Observation 7:

A sharp increase is observed in the performance of rank detection and rank-1 PMI detection when the estimation bandwidth increases.

Observation 8:

When the estimation bandwidth increases, the fraction of correct modulation decisions overall increases and most notably the rate of false QPSK detections sharply decreases for both rank-1 and rank-2 interference.
There are thus clear benefits in terms of blind detection performance to be expected from a wider estimation bandwidth, provided that interference characteristics remain stable over the estimation window. Factoring the discussion in a companion paper [5], our proposal is the following:
Proposal 2: 
UE may assume, or alternatively, the network could inform the UE whether the interference characteristics may be assumed constant over a number of consecutive PRBs, e.g. 1 PRG or 1 CQI sub-band.
Blind transmission mode detection
Currently, LTE includes a total of ten transmission modes (TM) in downlink. While the UE is not actually required to implement ten different hypotheses to test all possible interfering transmission schemes (since many TMs share the same transmission schemes), detection theory would hint at reducing the number of TM hypotheses, whenever possible, in order to improve the blind reliability of blind detection.
In this section, we investigate impact of narrowing/widening the set of hypotheses the UE may have with respect to the transmission mode of the strongest PDSCH interferer. For this purpose, we perform the simulations where parameters are as previously set in Section 2.1 and 2.2, except for the following:
· Each of the two explicitly modeled interfering cells transmits with TM3. Rank and MCS probabilities are according to Table 1.
· The blind detection performance is compared for two sets of hypotheses in terms of interference transmission modes (schemes) assumed by the UE:
· TM2/TM3/TM4/TM6, which is equivalent to the UE assuming TM3/TM4 with rank adaptation, since TM2 and TM6 implement a subset of the transmission schemes of TM3 and TM4, respectively;

· TM2/TM3, which is equivalent to the UE assuming TM3 with rank adaptation.
· Blind estimation is performed over 3 PRBs.
We recall that TM3 maps to two distinct transmission schemes, transmit diversity (SFBC for 2 CRS ports) for rank-1 and large-delay CDD for rank-2, whereas TM4/TM6 are based on closed-loop rank-1/rank-2 precoding.
The blind detection performance of TX/DTX, transmission mode (scheme) and rank of the strongest PDSCH interferer is illustrated in Figures 11-13. The following observations are made based on the results:
Observation 9:

A slight increase is observed in TX/DTX detection performance when the UE is configured with a restricted set of transmission modes.
Observation 10:

A significant increase is observed in the performance of transmission scheme and rank detection when the UE is configured with a restricted set of transmission modes. False detection rates are divided almost by 3 in the simulated cases.
In a companion paper [5], it is discussed that practical deployments are very unlikely to concurrently utilize all ten transmission modes within one cell. Hence, the UE could be signaled with a restricted subset of transmission modes in order to improve the blind detection performance and to save battery life. Having the possibility of restricting a subset of transmission modes to be included in UE interference hypothesis testing would not in any way restrict network operation and hence does not degrade system performance. On the contrary, since the number of hypotheses can be reduced in most cases, the performance can only improve, as demonstrated by the shown results.
The previous observations and discussion therefore strongly motivate the following proposal:
Proposal 3: 

Higher-layer signaling should include a possibility of indicating a restricted subset of transmission modes assumed for the interfering transmission.
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Figure 11: PDSCH presence detection for the strongest interferer (TX=PDSCH present, DTX=not present) vs. TM hypotheses at the UE, 3 PRB for estimation.
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Figure 12: Tx scheme detection error depending on TM hypotheses at the UE, TM2/TM3 interference, 3 PRB for estimation, serving cell SINR=0dB.
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Figure 13: Rank detection error depending on TM hypotheses at the UE, TM2/TM3 interference, 3 PRB for estimation, serving cell SINR=0dB.


3. Conclusion 
In this contribution we provided preliminary simulation analysis in relation to blind interference parameter estimation in terms of joint detection performance of presence/absence of interference, transmission rank, PMI (if applicable) and transmission mode, including the impact of possible TM restrictions.

Based on the provided results and analysis, we made the following observations:
Observation 1: 
The performance of blind detection of interference parameters is stable throughout the studied SINR range. 
Observation 2: 
TX/DTX, rank and PMI detection error rates are deemed acceptable at least for 2Tx case, pending confirmation of impact in terms of throughput performance.

Observation 3: 
Modulation is correctly detected in ~63% of the simulated cases for rank-1 interference, with ~5/10/22% of false QSPK/16QAM/64QAM detections, respectively.

Observation 4: 
Modulation is correctly detected in ~50% of the simulated cases for rank-2 interference, with ~9/31/10% of false QSPK/16QAM/64QAM detections, respectively. 

Observation 5: 
While the proportions of QPSK and 16QAM false detections are moderate for rank-1 interference, they become significant in the rank-2 case. The impact at throughput level needs to be further checked.

Observation 6:

A slight increase is observed in the performance of TX/DTX detection and rank-2 PMI detection when the estimation bandwidth increases.

Observation 7:

A sharp increase is observed in the performance of rank detection and rank-1 PMI detection when the estimation bandwidth increases.

Observation 8:

When the estimation bandwidth increases, the fraction of correct modulation decisions overall increases and most notably the rate of false QPSK detections sharply decreases for both rank-1 and rank-2 interference.
Observation 9:

A slight increase is observed in TX/DTX detection performance when the UE is configured with a restricted set of transmission modes.

Observation 10:

A significant increase is observed in the performance of transmission scheme and rank detection when the UE is configured with a restricted set of transmission modes. False detection rates are divided almost by 3 in the simulated cases.
We conclude this contribution on the following proposals:
Proposal 1: 

More studies are needed to confirm the feasibility of blind estimation of dynamic interference parameters, especially for rank-2 modulation detection. 
Proposal 2: 
UE may assume, or alternatively, the network could inform the UE whether the interference characteristics may be assumed constant over a number of consecutive PRBs, e.g. 1 PRG or 1 CQI sub-band.
Proposal 3: 

Higher-layer signaling should include a possibility of indicating a restricted subset of transmission modes assumed for the interfering transmission.
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