3GPP TSG-RAN WG4 Meeting #71
                                                                         R4-143496
Seoul, Korea, 19 – 23 May, 2014
Source: 
Huawei, HiSilicon
Title: 
Discussion on blind detection of interference parameters for CRS-based transmission
Agenda Item:
7.14.2.1
Document for:
Discussion
1 Introduction

In the last RAN4#70bis meeting, there were many discussions on the blind detection for dynamic parameters. An ad hoc discussion was hold and the corresponding meeting minutes [1] was approved. Meanwhile, the “Way Forward on NAICS Dynamic Parameter Detection” was also approved [3], in which the following agreements were reached:

· CRS based TMs: Dynamic parameters namely Modulation, PMI, RI, presence of interferer can be jointly detected  for 2 CRS APs case under assumption that remaining semi-static parameters, P_A and TM are known and under scenarios studied  in RAN4

· Known parameters are assumed to be signaled or blindly detected correctly

· DMRS based TMs: Dynamic parameters namely Modulation, RI, DMRS ports, nSCID, and presence of interferer can be jointly detected for 2 DMRS ports (port 7 and 8) under assumption that remaining semi-static parameters and TM are known and under scenarios studied  in RAN4

· Known parameters are assumed to be signaled or blindly detected correctly

· TM7 not supported by NAICS

· For TM10, FFS for nSCID 

· 4 Tx with 2 DMRS ports needs confirmation

· Scenarios studied in RAN4:

· Serving cell with two interferers: Cell ID (0, 6, 1), CRS ports (2-tx), No MBSFN and no detection at UE

· Synchronized deployment with SFN alignment, same CP, slot alignment, no frequency error

· P_B known (P_B = 1), LVRB

· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS.

· Following parameters are necessary to be restricted (Restriction indicated by HL signaling) 

· P_A values apply for QPSK transmissions

· P_A subset for further study

· For Further Study

· CFI

· Blind detection of Transmission mode/scheme

· Possible enhanced NAICS performance for Mixed TM scenarios

· Non-colliding CRS pattern for the dominant interferer should be considered in NAICS study

Based on the above agreements and remaining issues, in this contribution, we further discuss and evaluate the feasibility of blind detection on the combined dynamic interference parameters for CRS-based transmission. 
2 Discussion and evaluation
In this section, we mainly discuss/evaluate the following aspects
· Blind detection of CFI

· Blind detection of combined interference parameters
· Blind detection for non-colliding CRS cases
2.1 Detection of CFI
In this section, we evaluate the performance of CFI blind detection, and then provide our view on its feasibility. The simulation assumptions are listed in Table 1, and it can be noted that:
· Two cells are explicitly modelled with different interference levels, i.e. INR = 0, 5 and 10dB 

· The BLER performance of serving cell CFI detection is evaluated under interference from the other cell which represents the CFI blind detection performance of interference cell in NAICS
· E-LMMSE-IRC receiver is employed to suppress the inter-cell interference and better performance is possible with more advanced receiver, e.g. R-ML
· Evaluation is done under the worst case scenario in the sense that Cell IDs are chosen in such a way that results in colliding PCFICH channels. In practical scenarios, with PCI planning there are certain many cases PCFICH channel collides or partially collides with PDCCH channel depending on the system load.  

Table 1 Simulation assumptions of CFI detection
	Parameters
	Values

	Bandwidth 
	10MHz

	Antenna configuration 
	2x2 low

	Propagation channel
	EVA70

	Advanced receiver
	E-MMSE-IRC

	Cell ID
	Serving cell: 0
Interference cell: 300

	CFI values
	2 for both serving and interference cells


The PCFICH decoding performances are plotted in Figures 1 for both cases w/ and w/o interference suppression for comparison.
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Figure 1 Performance of CFI detection 
Based on the results, it could be observed that:

· Under the various evaluated interference levels (0dB, 5dB and 10dB), lower than 1% CFI detection error rate could be achieved within reasonable SNR region
Considering the typical NAICS scenarios, we think the detection performance on neighbour cell PCFICH is feasible.

Observation 1: 
The blind detection on CFI of interference cell is feasible
2.2 Blind detection of CRS-based interference
In last meeting, our simulation results [5] evaluated the feasibility on the blind detection of the modulation order and spatial scheme, in the following we provide further evaluations on the blind detection of more interference parameters as listed in Table 2.
Table 2 Blind detection schemes
	BD scheme
	Interference presence
	TM mode
	RI
	Power ratio of data-RS
	PMI
	Modulation order

	Scheme 1 in [5] 
	Already know
	Restricted as TM4 rank1, already known
	Already know
	Already know
	Blind detected
	Blind detected

	Scheme 2 in this contribution
	Blind detected
	Blind detected 
	Blind detected
	Blind detected
	Blind detected
	Blind detected


Note that some restrictions are assumed in the detection algorithms: 
· The candidate set of possible transmission modes is assumed to be {TM2/TM3/TM4}
· The candidate set of possible P_A values is assumed to be {-3dB/ 0dB/3dB}
Table 3 lists the detailed simulation parameters. 
Table 3 Simulation assumptions for CRS based blind 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
	TM4 rank 1/2 for both serving and interference cell

	Channel and noise estimation
	CRS-IC based channel estimation

Noise variance is estimated after CRS-IC

	Advanced receiver
	R-ML

R.11 MMSE-IRC

	Parameters to be blindly detected
	PMI/RI detection

Modulation order

	PDCCH length
	2 symbol

	CRS configuration
	CRS colliding


The overall performance of R-ML receiver with blind detection is plotted in Figure 2. The performance with Genie aided scheme is also provided for comparison. Figure 3 shows the blind detection performance under rank 2 interference.
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Figure 2 Performance of R-ML with blind detection when CRS colliding and TM4 rank1 interference
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Figure 3 Performance of R-ML with blind detection when CRS colliding and TM4 rank2 interference

Table 4 summarizes the evaluated performance gains of advanced receiver with blind detection over Rel-11 MMSE-IRC receiver. 
Table 4 Throughput performance of advanced and R.11 MMSE-IRC for CRS-colliding cases
	Parameters
	SNR with 70% maximum TP
	Gain (dB)

	
	R.11 MMSE-IRC
	(R)-ML
	

	S: QPSK 1/2

I1: 7.77dB, CRS-colliding, ON

I2: CRS-non-colliding, OFF
	I1: TM4 rank1, QPSK
	5.27
	0.15
	5.12

	
	I1: TM4 rank1, 16QAM
	5.27
	1.00
	4.27

	
	I1: TM4 rank1, 64QAM
	5.27
	1.17
	4.10

	
	I1: TM4 rank2, QPSK
	5.27
	3.10
	2.17

	S: 16QAM 1/2

I1: 6.24dB, CRS-colliding, ON

I2: CRS-non-colliding, OFF
	I1: TM4 rank1, QPSK
	10.91
	6.98
	3.93

	
	I1: TM4 rank1, 16QAM
	10.91
	7.80
	3.11

	
	I1: TM4 rank1, 64QAM
	10.91
	7.82
	3.09

	
	I1: TM4 rank2, QPSK
	10.91
	8.67
	2.24


Based on the simulation results, we can make the following observation 

Observation 2: 
Under the simulation assumptions, joint blind detection of interference parameters, i.e. TM, PMI, RI, modulation order and power ratio, imposes some performance degradation compared to Genie-aided scheme, but still achieves significant performance gain over Rel-11 MMSE-IRC receiver 
2.3 
Blind detection under non-colliding CRS
In our previous contribution [5], link level simulation results show the significant performance degradations of joint blind detection of PMI and modulation order compared to Genie-aided scheme under CRS-non-colliding. In this section, we further evaluate the performance of blind detection under this scenario. The simulation assumptions are similar to what is listed   in Table 3 except for the CRS configuration. Throughput performances are plotted in Figure 4.  For the purpose of comparison, we also plot the throughput performance under CRS-colliding.
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Figure 4 Performance of R-ML with blind detection when CRS non-colliding and TM4 rank1 interference
It could be observed that 

Observation 3: 
Under the simulation assumptions of CRS-non-colliding, joint blind detection of interference parameters for advanced receiver leads to performance loss over Rel-11 MMSE-IRC receiver 
3 Conclusion
In this contribution, we discuss the blind detection for CRS-based interference parameters, and provide link level simulation results to evaluate its performance with different configurations. The observations from the analysis of the simulation results are summarized in the following:
Observation 1: 
The blind detection on CFI of interference cell is feasible
Observation 2: 

Under the simulation assumptions, joint blind detection of interference parameters, i.e. TM, PMI, RI, modulation order and power ratio, imposes some performance degradation compared to Genie-aided scheme, but still achieves significant performance gain over Rel-11 MMSE-IRC receiver
Observation 3: 

Under the simulation assumptions of CRS-non-colliding, joint blind detection of interference parameters for advanced receiver leads to performance loss over Rel-11 MMSE-IRC receiver
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