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1 Introduction

In RAN4 #69 meeting, the status of the performance and complexity study of blind detection on interference parameters are as following [1]:

· There is no consensus on the feasibility and performance of blind detection receivers.

· Varying degree of performance degradation from minimal to noticeable, comparing blind detection receivers with genie-aided receivers, also depending on operation assumptions.  

In this contribution, we evaluate the blind detection performance on some parameters for DMRS-based interference transmission and provide complexity analysis of the blind detection.
2 Parameters for blind detection
Interference parameters can be acquired by UE through signalling, network coordination and blind detection. Signalling overhead, system throughput impact, detection performance and complexity should be considered together in designing the acquiring scheme for a specific parameter. Table 1 lists the Cons/restriction of each scheme.  
Table 1 Schemes to acquire interference parameters
	Solutions
	Cons/restriction
	Example

	Signalling
	Parameters should be semi-static or pre-defined, signalling overhead and time-delay
	Physical-cell ID,

MBSFN configuration 

	Network coordination
	Restriction on scheduling,  potential degradation of cell throughput
	CP length,
Synchronization

	Blind detection
	Detection performance and implementation complexity 
	Modulation order


Obviously, there are some trade-off between performance and complexity in determining the feasibility of blind detection for a certain interference parameter. Table 2 summarizes our suggestions on the desired scheme for each parameter required by SLIC/R-ML receivers.  
Table 2 Suggested schemes for interference parameter acquiring
	Parameters
	Dynamic or semi-static
	Scheduling  impacts of coordination
	Suggested scheme

	PCID and CRS antenna port
	semi-static
	-
	signalling

	MBSFN configuration
	semi-static
	-
	signalling

	CSI-RS configuration
	semi-static
	-
	signalling

	Power ratio PB
	semi-static
	-
	signalling

	CFI
	dynamic
	minimal
	coordination/blind detection

	Modulation order
	dynamic
	significant
	blind detection

	Transmission mode
	dynamic
	significant
	blind detection

	Power ratio PA
	dynamic
	significant
	blind detection

	PMI/RI
	dynamic
	significant
	blind detection

	Virtual Cell-ID
	semi-static
	-
	signalling

	DMRS ports
	dynamic
	minimal
	coordination/blind detection


Proposal 1:

The parameter set for blind detection:

· CRS-based interference: CFI, transmission mode, PA, PMI/RI and modulation order
· DMRS-based interference: CFI,  DMRS ports and modulation order
In the following sections, we focus on the blind detection performance analysis of DMRS-based interference parameters, namely DMRS ports and modulation order. 

3 Blind detection of DMRS-based interference parameters
3.1 DMRS ports detection

The DMRS ports detection is to determine the presence of PDSCH interference at a certain DMRS port. A straight method is to check the interference power to noise power ratio at the target DMRS port,
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is the noise variance. The DMRS-based interference is declared to be present at the target DMRS port if the calculated INRDMRS is above certain threshold. Note that the absolute successful detection rate may not be the best metric to choose the detection threshold since it may not be worth to cancel a weak interference for the target PRB in the subframe. In the following simulation, both serving and interference transmissions are assumed to be DMRS-based and we provide the results for:
· CDF of  INRDMRS under AWGN channel
· Throughput performance with DMRS port detection under phase I interference scenario 
3.1.1 CDF of INRDMRS
Table 3 lists the simulation assumptions and Figure 1 shows the corresponding distribution of INRDMRS. The typical values of interference level from NAICS scenarios are adopted and two SNR points, namely 5dB and 15 dB, are evaluated.  
Table 3: Simulation assumptions for evaluation of INRDMRS CDF
	Parameters
	Values

	Interference modelling
	Case 1: one explicitly modelled interference cell with INR1 = [7.77dB, 2.29dB, -10dB]

Case 2: two explicitly modelled interference cells with INR1 = 7.77dB and INR2=[2.29dB, -10dB]

	DMRS-port detection
	Case 1: detecting the interference cell with correct or incorrect DMRS port
Case 2: detecting the second interference cell with correct or incorrect DMRS port assuming the first interference cell has been correctly detected

	Propagation channel
	2x2, AWGN

	Transmission mode
	TM9 rank 1 

	Channel and noise estimation
	DMRS-IC based channel estimation
Noise variance for 
[image: image5.wmf]received

INR

 is estimated after DMRS-IC

	SNR
	[5dB 15dB]
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[image: image6.wmf]received

INR


	The value is calculated per PRB.
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Case 1: One explicitly modelled interference cell 
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Case 2: Two explicitly modelled interference cells
Figure 1 CDF of received
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 with different interference scenarios
The results show that INRDMRS is not sensitive to serving cell SNR thanks to the DMRS-IC which removes the impact of serving cell signal power. In both cases, the presence of interference transmission at the DMRS port can be fairly easy to detect. 
3.1.2 Phase I throughput performance 

Throughput performance with blind DMRS port detection is evaluated and compared with genie-aided scheme for SLIC receiver. In the genie-aided scheme, interference cancellation is always performed. While in the blind detection scheme, SLIC receiver attempts to cancel the interference only if the detection metric is above the threshold which is 0 dB in this case. Simulation assumptions and simulation results are show in Table 4 and Figure 2 respectively.  

Table 4 Simulation assumptions for phase I throughput
	Parameters
	Values

	Interference modelling 
	Two explicitly modelled cells, one for serving cell and one as interference cell

	Cases
	INR = 2.29dB, QPSK1/2 for serving cell.

	Propagation channel
	2x2 low, EPA5

	Transmission mode
	TM9 rank 1

	Channel and noise estimation
	DMRS-IC based channel estimation

Noise variance is estimated after DMRS-IC

	Threshold values for DMRS port detection
	0dB 

	Advanced receiver
	SLIC
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Figure 2 DMRS port blind detection throughput performance 
The results show that under the simulation assumption, there is noticeable performance degradation for SLIC receiver with blind detection on DMRS port as compared to the genie aided scheme.  Also it should be noted that iterative DMRS IC is used in channel estimations. This means that UE could effectively remove received serving cell signal power. While iterative DMRS IC complexity is high, so whether it should be the mandate implementation for UE may need further discussion. Additionally in practical network, UE is not always able to utilize DMRS IC. For example, it is possible that serving cell and interference cell schedule mixed transmission (CRS-based serving signal and DMRS-based interference) on the same PRB. In this case, the performance of DMRS port blind detection will be more problematic since:
· Interference DMRS port channel estimation is very poor due to low ISNR

· Noise estimation is inaccurate as it is difficult to remove the impact of serving signal 
Thus additional processing is needed to solve the issue and further evaluation should be needed to cover this mixed transmission case. This issue also can be solved by restricting the network to avoid scheduling mixed transmission on the same PRB. The system impact imposed by the restriction needs to be evaluated and the consensus needs to be reached since UE implementation may be impacted by the decision.  
Observation 1:

In the case of DMRS-based signal from both serving and interference, noticeable throughput performance degradation compared to genie-aided scheme can be observed with DMRS port blind detection for SLIC receiver 
Proposal 2:

 DMRS port blind detection performance, potential network coordination in the case of mixed serving and interference signal and whether to mandate DMRS-IC implementation should be further investigated   
3.1 Modulation order detection

In the evaluation of modulation order detection performance and feasibility, the “near ML modulation classification” method [8] is adopted as following:
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Where 
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 is the candidate modulation order, 
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 as defined in reference [8].
The method in the reference is design for AWGN channel. In our scenario with fading channel and explicitly modelled serving and interference signals, E-LMMSE-IRC is applied first to suppress serving signal and estimate the interference symbols. The granularity of detection is one PRB pair within each subframe.
3.2.1 Detection error analysis

Simulation assumptions are listed in Table 5. Table 6 shows the detection results in percentage under various SNR levels. 
Table 5 Simulation assumptions for modulation order detection
	Parameters
	Values

	Interference modelling 
	One explicitly modelled interference cell

	Scenarios
	1) INR = 7.76dB, QPSK for serving cell

2) INR = 6.24dB, 16QAM for serving cell

	Propagation channel
	2x2 low, EPA5

	Transmission mode
	TM9 rank 1

	Channel and noise estimation
	DMRS-IC based channel estimation


Table 6 Performance of modulation order detection 
	Cases
	Modulation of interference
	SNR (dB)
	Detection results (proportion)
	Error detection ratio

	
	
	
	QPSK
	16QAM
	64QAM
	

	INR=7.7dB,

QPSK for serving cell
	QPSK
	-6
	82.02%
	6.66%
	11.33%
	17.98%

	
	
	-2
	78.00%
	8.44%
	13.57%
	22.01%

	
	
	2
	73.28%
	10.42%
	16.30%
	26.72%

	
	
	6
	69.31%
	11.16%
	19.53%
	30.69%

	
	
	8
	67.53%
	10.32%
	22.15%
	32.47%

	
	16QAM
	-6
	0.94%
	40.47%
	58.59%
	59.53%

	
	
	-2
	1.50%
	38.89%
	59.61%
	61.12%

	
	
	2
	2.76%
	38.85%
	58.39%
	61.15%

	
	
	6
	4.86%
	38.53%
	56.61%
	61.47%

	
	
	8
	7.23%
	37.15%
	55.62%
	62.85%

	
	64QAM
	-6
	0.94%
	13.62%
	85.45%
	14.55%

	
	
	-2
	1.43%
	16.26%
	82.32%
	17.68%

	
	
	2
	2.67%
	19.71%
	77.63%
	22.38%

	
	
	6
	4.62%
	21.79%
	73.60%
	26.40%

	
	
	8
	6.92%
	22.38%
	70.71%
	29.29%

	Cases
	Modulation of interference
	SNR (dB)
	Detection results
	Error detection ratio

	
	
	
	QPSK
	16QAM
	64QAM
	

	INR=6.24dB,

16QAM for serving cell
	QPSK
	-2
	68.84%
	10.16%
	21.00%
	31.16%

	
	
	2
	64.39%
	11.77%
	23.85%
	35.62%

	
	
	6
	61.11%
	11.78%
	27.11%
	38.89%

	
	
	10
	59.55%
	11.04%
	29.42%
	40.45%

	
	
	14
	59.44%
	10.34%
	30.22%
	40.56%

	
	
	18
	62.14%
	9.36%
	28.51%
	37.86%

	
	16QAM
	-2
	2.79%
	32.52%
	64.69%
	67.48%

	
	
	2
	4.81%
	32.72%
	62.47%
	67.28%

	
	
	6
	7.71%
	31.67%
	60.62%
	68.33%

	
	
	10
	10.63%
	30.27%
	59.10%
	69.73%

	
	
	14
	13.42%
	29.48%
	57.10%
	70.52%

	
	
	18
	18.13%
	30.41%
	51.46%
	69.59%

	
	64QAM
	-2
	2.52%
	18.95%
	78.53%
	21.47%

	
	
	2
	4.35%
	22.39%
	73.26%
	26.74%

	
	
	6
	7.10%
	22.58%
	70.32%
	29.68%

	
	
	10
	9.85%
	22.35%
	67.80%
	32.20%

	
	
	14
	12.58%
	22.31%
	65.12%
	34.88%

	
	
	18
	17.19%
	23.58%
	59.23%
	40.77%


Some general trends can be observed from the simulation results:
· The detection error rate of QPSK/64QAM (20~40%) is smaller than the error rate of 16QAM (60%~70%) 

· The detection method can effectively distinguish QPSK and QAM 
· The detection method has difficult in distinguishing 16QAM and 64QAM  
3.2.2 Phase I performance analysis

In this section, throughput evaluation of R-ML receiver with modulation order detection under phase I is performed. Simulation assumptions are listed in Table 7.
Table 7 Simulation assumptions for modulation detection
	Parameters
	Values

	Interference modelling 
	One explicitly modelled interference cell

	Cases
	Case 1: INR = 7.77dB, QPSK1/2 for serving cell

Case 2: INR = 6.28dB, 16QAM1/2 for serving cell

	Propagation channel
	2x2 low, EPA5

	Transmission mode
	TM9 rank 1

	Channel and noise estimation
	DMRS-IC based channel estimation

Noise variance is estimated after DMRS-IC

	Advanced receiver
	R-ML


To have a better understanding on the performance of blind detection, firstly we run the simulation and evaluate the throughput degradation with forced modulation order detection errors. Figure 3 shows the throughput plots for various scenarios.   
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Figure3 Throughput degradation with forced detection errors
Based on above results, it could be observed that for R-ML receiver:
· Detection error between QPSK and QAM modulation order results in significant performance degradation
· Detection error among QAM modulation order (16QAM and 64QAM) imposes much less significant performance loss 
The overall performance of R-ML receiver with blind modulation order detection and genie-aided scheme under phase I interference scenarios are plotted in Figure 4.
[image: image30.emf]-6 -4 -2 0 2 4 6 8 10 12

0

1

2

3

4

5

6

SNR (dB)

Throughput (Mbps)

performance of throughput, serving QPSK1/2, interfernce QPSK1/2 INR=7.77dB

 

 

R-ML genie-aided

R-ML with modulation order detection

R.11 L-MMSE-IRC

 [image: image31.emf]-2 0 2 4 6 8 10 12 14 16 18 20

0

2

4

6

8

10

12

SNR (dB)

Throughput (Mbps)

performance of throughput, serving 16QAM1/2, interfernce QPSK1/2 INR=6.24dB

 

 

R-ML genie-aided

R-ML with modulation order detection

R.11 L-MMSE-IRC


S QPSK, I QPSK, INR=7.77dB








S 16QAM, I QPSK, INR=6.28dB

[image: image32.emf]-6 -4 -2 0 2 4 6 8 10 12

0

1

2

3

4

5

6

SNR (dB)

Throughput (Mbps)

performance of throughput, serving QPSK1/2, interfernce 16QAM1/2 INR=7.77dB

 

 

R-ML genie-aided

R-ML with modulation order detection

R.11 L-MMSE-IRC

 [image: image33.emf]-2 0 2 4 6 8 10 12 14 16 18 20

0

2

4

6

8

10

12

SNR (dB)

Throughput (Mbps)

performance of throughput, serving 16QAM1/2, interfernce 16QAM1/2 INR=6.24dB

 

 

R-ML genie-aided

R-ML with modulation order detection

R.11 L-MMSE-IRC


S QPSK, I 16QAM, INR=7.77dB








S 16QAM, I 16QAM, INR=6.28dB

[image: image34.emf]-6 -4 -2 0 2 4 6 8 10 12

0

1

2

3

4

5

6

SNR (dB)

Throughput (Mbps)

performance of throughput, serving QPSK1/2, interfernce 64QAM1/2 INR=7.77dB

 

 

R-ML genie-aided

R-ML with modulation order detection

R.11 L-MMSE-IRC

 [image: image35.emf]-2 0 2 4 6 8 10 12 14 16 18 20

0

2

4

6

8

10

12

SNR (dB)

Throughput (Mbps)

performance of throughput, serving 16QAM1/2, interfernce 64QAM1/2 INR=6.24dB

 

 

R-ML genie-aided

R-ML with modulation order detection

R.11 L-MMSE-IRC


S QPSK, I 64QAM, INR=7.77dB








S 16QAM, I 64QAM, INR=6.28dB

Figure 4 Performance of R-ML with blind modulation order detection
It could be observed that employing modulation order blind detection doesn’t bring in significant performance loss compared to genie-aided scheme under the simulation assumptions. But it should be noted that as with DMRS port detection, DMRS IC is assumed in the detection. The lack of DMRS-IC will result in degraded channel estimation and its impact on the modulation order detection needs further evaluation. Also in the simulation assumptions, it is assumed only the strongest interference cell transmits rank1 interference. Larger detection performance degradation is expected with higher rank and more interference cell transmission. So further evaluations seem necessary to confirm the performance and feasibility of modulation order blind detection.    
Proposal 3:

With DMRS-IC, R-ML with blind detection of modulation order could achieve performance gain over Rel-11 IRC receiver, but further evaluation is needed to confirm the detection performance and feasibility under various assumptions  

4 Blind detection for CRS-based interference parameters
In this section, we will discuss the blind detection of interference parameters for CRS based transmissions, and make some comparison with DMRS based transmission. The target parameters for blind detection are transmission mode, PMI, PA and modulation order as indicated in section 2.
· Transmission mode and PMI/RI
Unlike the single mode DMRS based transmission, CRS based transmission has several transmission mode options, i.e. TM2, TM3 and TM4. In the case of TM4, which specific PMI/RI is employed at the interference transmitter is also need to be determined. It is the crucial first step for UE to reliably identify the actual transmission mode and PMI/RI of the interference signal. Its detection error will propagate through the rest of the blind detection chain and leads to significant performance degradation.  In previous meetings, there is no explicit performance evaluation on transmission mode detection and simulation results on 2-port CRS PMI detection were provided [4][5][6] in which diverged performance degradation was observed. It is obvious that 4-port CRS PMI detection is much more complex and its detection performance needs to be further checked. Thus the detection performance of transmission mode and PMI of CRS based transmission should be thoroughly evaluated under various scenarios. 
· PA
PA is a UE specific parameter for determining the power ratio of PDSCH EPRE to the CRS EPRE, and UE advanced receiver needs this information for effective interference cancellation. In the specification, network can configure PA with 8 different values, i.e. [-6dB, -4.77dB, -3dB, -1.77dB, 0dB, 1dB, 2dB, 3dB]. When the modulation order is QPSK, the power ratio of PDSCH to CRS is not required to follow PA. Contribution [7] proposes to simplify the PA detection:
· Rank 1 QPSK transmission should follow the PA and semi-statically restrict PA values to a smaller set, namely {0, +3dB, -3dB}

The impact of network configuration restriction imposed by the proposal has not been evaluated through system simulation. So it seems more evaluations are needed to reach consensus on the PA blind detection performance.
·  Modulation order
The detection of modulation order for CRS based interference transmission could follow the same algorithm as for DMRS based interference. Currently there is no consensus on the performance of modulation order detection for CRS-based interference transmission. Additionally, the detection errors from TM, PMI and PA will have impacts on the detection of modulation order. The overall detection performance of modulation order should be considered and evaluated. 
Based on the above discussion, for blind parameter detection of CRS-based interference transmission, we propose:
Proposal 4:

Further evaluations are needed to reach consensus on the blind detection performance feasibility of CRS-based interference parameters, i.e. TM, PMI, PA and modulation order. 
5 Complexity
In this section, we provide a summary of detection complexity for DMRS and CRS based interference as shown in Table 8.
Table 8 Summary of detection complexity 
	Parameters
	Blind detection
	Complexity per PRB and subframe

	
	CRS-based interference
	DMRS-based interference
	

	Transmission mode detection
	1) determine the existence of DMRS-based interference
	1) determine the existence of DMRS-based interference
	(DMRS_IC + NOISE_EST)* PORT_NUM*INTF_NUM

	
	2) determine the kind of interference transmission mode 

TM2/TM3/TM4/TM5/TM6 or Null
	-
	TM_EST* INTF_NUM

	PA
	detection on PA
	-
	PA_EST* INTF_NUM

	PMI/RI detection
	determine precoding scheme of close-loop transmission mode
	-
	PMI_EST* INTF_NUM

	Modulation order
	detection on modulation order
	detection on modulation order
	MOD_EST* INTF_NUM*LAYER_NUM


In the table, DMRS-IC is assumed as it is essential to achieve satisfactory detection performance at the cost of increased implementation complexity. The complexity increase could be very high especially for detection of multiple DMRS ports and of multiple cells and impose a big challenge on UE implementation. Also DMRS-IC won’t work for the mixed CRS-based and DMRS-based interference transmission. Network coordination can be introduced to alleviate these issues.  
Proposal 5:

Network coordination affects the blind detection performance and complexity and should be determined first
6 Conclusion
Based on the evaluation and analysis of blind detection performance and complexity in previous sections, we summarize our proposals as following:
Proposal 1:

The parameter set for blind detection:

· CRS-based interference: CFI, transmission mode, PA, PMI/RI and modulation order
· DMRS-based interference: CFI,  DMRS ports and modulation order
Proposal 2:

DMRS port blind detection performance, potential network coordination in the case of mixed serving and interference signal and whether to mandate DMRS-IC implementation should be further investigated

Proposal 3:

With DMRS-IC, R-ML with blind detection of modulation order could achieve performance gain over Rel-11 IRC receiver, but further evaluation is needed to confirm the detection performance and feasibility under various assumptions  

Proposal 4:

Further evaluations are needed to reach consensus on the blind detection performance feasibility of CRS-based interference parameters, i.e. TM, PMI, PA and modulation order. 
Proposal 5:

Network coordination affects the blind detection performance and complexity and should be determined first 
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