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1. Introduction
Further discussions on the performance and feasibility of blind detection of dynamic interference parameters took place during RAN4#71, leading to the agreements in [1]

 REF _Ref394655445 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref394655447 \r \h 
 \* MERGEFORMAT [3]. As indicated in the LS to RAN1 [3], RAN4 continues to study the joint blind detection feasibility for 4 CRS antenna ports (AP) for CRS-based transmission modes (TM). 
Building on the preliminary results in [4], this contribution focuses on a comparative performance analysis of the blind detection of dynamic parameters for CRS-based TM between 2 and 4 CRS APs, factoring previous agreements in terms of parameter subset restrictions. The comparative analysis in terms of computational complexity is provided in a companion contribution [5].
2. Performance of blind detection 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) [6];
· 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 according to the case of low geometries (5-25%-tile) and 40% average resource utilization (RU) as in Table 6 of [6]:
· 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 [6] for Scenario 1 and 40% RU:
Table 1: Dynamic ON/OFF modelling parameters for Scenario 1 @40% RU from [6]
	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) channel profile is simulated assuming 5 Hz Doppler frequency.
· Interference parameter detection is limited to the strongest PDSCH interferer.
· We assume 2 or 4 CRS ports per base station depending on the simulated case. 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.

Blind detection of P_A, TX/DTX, PMI, rank, modulation order
In this section, we provide a comparative analysis between 2 and 4 CRS APs for the blind detection of dynamic interference parameters for CRS-based transmission modes. 
The joint blind detection performance is analyzed for the following parameters:
- 
Presence (TX) or absence (DTX) of PDSCH interference (Figures 1, 2);

- 
P_A value, assuming a restricted subset of 3 values as per the baseline agreement in [2] (Figures 3, 4):

· 2 CRS AP: true P_A value is -3 dB and the restricted subset signaled to the UE is {-6,-3,0} dB;
· 4 CRS AP: true P_A value is -6 dB and the restricted subset signaled to the UE is {-6,-3,0} dB.
-
Transmission rank (Figures 5, 6);

-
Precoding matrix index (PMI), analyzed separately for rank-1 and rank-2 transmission (Figures 7, 8);

-
Modulation order, analyzed separately for rank-1 and rank-2 transmission (Figures 9, 10, 11, 12).
In addition to the parameters provided in Section 2.1, we further assume that: 

-
P_B=1 and is known to the UE.

· The serving cell SINR ranges here from -8 dB to 6 dB, noting that in agreed system level statistics [6] the minimum observed SINR for Scenario 1 was -3.70 dB while the maximum was 1.14 dB.

-
In these simulations, the UE assumes TM4 interference (without fallback to transmit diversity scheme) and does not search for TM2/3 or DM-RS transmission modes.
-
Parameter detection is performed over a bandwidth of 3 PRB. Note that the interference models agreed in RAN4 assume full-band interference 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.

- 
Joint blind parameter detection is performed in the same way and over the same resources for 2 and 4 CRS APs. Complexity increases significantly in the case of 4 CRS APs. A comparative complexity analysis is provided in [5].
-
P_A detection errors are logged only in the case of successful TX detection. Rank, PMI, modulation order detection errors are logged sequentially such these are calculated only in the case of successful TX detection. PMI, modulation order statistics are accumulated only when decisions on the transmission rank are correct.
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Figure 1: 2 CRS AP, TX/DTX detection performance vs. SINR.
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Figure 2: 4 CRS AP, TX/DTX detection performance vs. SINR.
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Figure 3: 2 CRS AP, P_A detection performance vs. SINR, P_A= -3 dB, P_A subset {-6, -3, 0} dB.
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Figure 4: 4 CRS AP, P_A detection performance vs. SINR, P_A= -6 dB, P_A subset {-6, -3, 0} dB.
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Figure 5: 2 CRS AP, rank detection performance vs. serving cell SINR.
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Figure 6: 4 CRS AP, rank detection performance vs. serving cell SINR.
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Figure 7: 2 CRS AP, PMI detection performance vs. serving cell SINR.
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Figure 8: 4 CRS AP, PMI detection performance vs. serving cell SINR.
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Figure 9: 2 CRS AP, modulation detection performance (rank=1) vs. serving cell SINR.
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Figure 10: 4 CRS AP, modulation detection performance (rank=1) vs. serving cell SINR.
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Figure 11: 2 CRS AP, modulation detection performance (rank=2) vs. serving cell SINR.
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Figure 12: 4 CRS AP, modulation detection performance (rank=2) vs. serving cell SINR.


Based on the results provided throughout Figures 1-12, we draw the following observations in terms of blind detection performance difference between 2 and 4 CRS APs:
· TX/DTX detection: false Tx detection rates increase from ~10%  (2 CRS) to  ~17% (4 CRS);
· P_A detection: detection errors increase from ~20% (2 CRS) to ~35% (4 CRS);
· Transmission rank detection: detection errors increase from ~12% (2 CRS) to ~20% (4 CRS);
· PMI detection: detection errors increase from ~11% (2 CRS) to ~35% (4 CRS);
· Modulation detection: detection performance is comparable for 2 and 4 CRS cases.
The comparison in blind detection performance between 2 and 4 CRS APs is summarized as follows:
Observation 1: 
A significant increase in TX/DTX and P_A detection errors is observed.  
Observation 2: 
Rank detection errors are multiplied by 1.7, PMI detection errors by 3.2.
Observation 3:

Modulation detection performance is similar.
Observations 1 and 2 are as expected, and are largely explained by the increase in the codebook size and thus of the parameter space for blind search: 

· 6 transmit precoder hypotheses for rank 1 & 2 in the case of 2 CRS APs;
· 32 transmit precoder hypotheses for rank 1 & 2 in the case of 4 CRS APs.

Although throughput level simulations would bring additional insight to the comparison of the blind detection performance difference between 2 and 4 CRS APs, it is worth to be noted that several companies have already reported the significant impact of P_A and PMI detection errors at throughput level in the case of 2 CRS APs. The increased detection error rates for 4 CRS APS observed in the provided results provide already a good indication that throughput performance will most likely degrade further.
3. Conclusion 
In this contribution we presented a comparative performance analysis of the blind detection of dynamic parameters for CRS-based TM between 2 and 4 CRS antenna ports. Based on the provided results, we made the following observations when the number of CRS antenna ports increases from 2 to 4:
Observation 1: 
A significant increase in TX/DTX and P_A detection errors is observed.  

Observation 2: 
Rank detection errors are multiplied by 1.7, PMI detection errors by 3.2.
Observation 3:

Modulation detection performance is similar.

Blind parameter detection is thus significantly impacted – especially for P_A and PMI – when the number of CRS APs increases from 2 to 4. Hence, further degradation is to be expected at throughput level. Also, blind detection complexity is increased by a factor of 5.8 as reported in a companion contribution [5]. 
Consequently, we view that NAICS processing for CRS-based modes under 4 CRS AP deployments is not sufficiently mature for inclusion as a feature in the Release-12 of the LTE standard. More studies are needed and we propose to defer these to a later release.
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