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1. Introduction
The reference DL Control channel IM receivers were agreed to be defined for the EPDCCH in the synchronous and asynchronous networks and for PDCCH/PCFICH/PHICH in the synchronous networks only. Meantime, the reference IM receiver structure for the PDCCH/PHICH/PCFICH in the asynchronous networks was not defined. In the RAN #71 it was agreed that RAN4 needs to conduct evaluations of the enhanced DL control channel IM receivers in application to the asynchronous deployment scenarios [1]:

	Open issues
· Evaluate reference IM receiver structure for PDCCH/PCFICH/PHICH in asynchronous network


In RAN4 #78bis the issue was discussed, but no conclusions could be reached. In this contribution we provide results of the additional analysis for the DL Control Channel IM receivers under asynchronous networks.
2. Discussion

In the asynchronous networks UEs cannot rely on the time alignment of the signals in the serving and interference cells. Therefore, only LMMSE-IRC can be considered to improve the DL control channel demodulation performance in the interference-limited scenarios, while CRS-IC and E-LMMSE-IRC receiver are out of scope.
Below, we provide the simulation results with the comparison of the LMMSE-MRC and LMMSE-IRC receivers performance under various interference conditions. In the last meeting two WFs on the simulation assumptions for the asynchronous networks were discussed [2, 3]. In this paper we provide analysis for the scenarios which take into account both WFs. In particular, we address the following network synchronization scenarios:
· Scenario #1: 1/3 and 2/3 subframes as timing offset for the 2 neighbouring cells (Option 1 in [2], Case 1 in [3])

· Scenario #2: 1/7 and 1/14 subframes offset for the 2 neighbouring cells (Option 2 in [2], Case 2 in [3])

· Scenario #3: 2CP offset for the 2 neighbouring cells (Case 2 in [4])
The analysis is provided for different interference profiles including High/Med/Low NAICS based INR profiles and the Rel-11 DIP profiles used in the LMMSE-IRC work. Finally, the results are provided for various CFI configurations. For more details on the simulation assumptions please refer to the Annex. The summary of the investigated test case is provided in the table below.

Table 1. Asynchronous network test cases

	Case
	Network synchronization scenario
	Interference model
	CFI configuration
	Interference profile

	1
	Scenario #1: 1/3 and 2/3 subframes as timing offset for the 2 NCs
	Rel-11 Type A
	CFIS=3, CFII = 3
	High (INR1 13.91, INR2 3.34)

	2
	
	
	
	Med (INR1 7.77, INR2 2.29)

	3
	
	
	
	Low (INR1 3.28, INR2 0.74)

	4
	
	
	
	DIP based (DIP1 -1.73; DIP2 -8.66)

	5
	Scenario #2: 1/7 and 1/14 subframes offset for the 2 NCs
	TM4 Rank1 
(per subframe PMI)
	CFIS=1, CFII = 1
	High (INR1 13.91, INR2 3.34)

	6
	
	
	
	Med (INR1 7.77, INR2 2.29)

	7
	
	
	
	Low (INR1 3.28, INR2 0.74)

	8
	Scenario #3: 2CP offset for the 2 NCs
	TM4 Rank1 
(per subframe PMI)
	CFIS=3, CFII = 3
	High (INR1 13.91, INR2 3.34)

	9
	
	
	
	Med (INR1 7.77, INR2 2.29)

	10
	
	
	
	Low (INR1 3.28, INR2 0.74)


As discussed in the last meeting, the LMMSE-IRC and LMMSE-MRC receivers performance may vary depending on the interference covariance matrix estimation assumptions. For the analysis we assume, that similar to the LMMSE-IRC for the CRS-based PDSCH, the interference + noise covariance matrix can be estimated on the serving cell CRS REs after subtraction of the reconstructed serving cell CRS signals. We also consider several approaches for the covariance matrix averaging in order to verify receiver sensitivity to the potential estimation errors:

· 1 PRB in frequency + 1 symbol in time (worst case)
· 2 PRB in frequency + 1 symbol in time

· 3 PRB in frequency + 1 symbol in time

· 1 PRB in frequency + 1 slot in time

The simulation results for different test cases are provided below.
	PDCCH/PCFICH demodulation performance
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Test case #1.
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Test case #2.
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Test case #3.
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Test case #4.
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Test case #5.
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Test case #6.
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Test case #7.
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Test case #8.
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Test case #9.
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Test case #10.


The summary of link-level PDCCH/PCFICH performance is provided in Table 2 below:

Table 2. PDCCH/PCFICH demodulation performance summary – LMMSE-IRC SINR gains vs LMMSE-MRC (dB)
	
	Network synchronization scenario
	Interference profile
	Interference covariance matrix estimation granularity

	
	
	
	1 PRB + 1 symbol
	2 PRB + 1 symbol
	3 PRB + 1 symbol
	1 PRB + 1 slot

	1
	Scenario #1: 1/3 and 2/3 subframes as timing offset for the 2 NCs
	High
	1.0
	3.2
	3.4
	3.5

	2
	
	Medium
	-0.4
	2.0
	2.2
	2.2

	3
	
	Low
	-2.0
	0.3
	0.4
	0.4

	4
	
	DIP based
	-1.0
	0.5
	0.8
	0.6

	5
	Scenario #2: 1/7 and 1/14 subframes offset for the 2 NCs
	High
	2.9
	4.0
	4.1
	3.4

	6
	
	Medium
	0.0
	2.3
	2.5
	2.1

	7
	
	Low
	-1.9
	0.5
	0.6
	0.4

	8
	Scenario #3: 2CP offset for the 2 NCs
	High 
	0.3
	1.7
	2.2
	1.5

	9
	
	Medium
	-0.5
	1.0
	1.7
	0.9

	10
	
	Low
	-1.7
	0.0
	0.2
	0.0


The selected link level results for PHICH performance analysis are presented below.
	PHICH demodulation performance
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Test case #1.
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Test case #3.
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Test case #5.
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Test case #7.
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Test case #8.
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Test case #10.


The summary of link-level PHICH performance is provided in Table 3 below:

Table 3. PHICH demodulation performance summary – LMMSE-IRC SINR gains vs LMMSE-MRC (dB)

	
	Network synchronization scenario
	Interference profile
	Interference covariance matrix estimation granularity

	
	
	
	1 PRB + 1 symbol
	2 PRB + 1 symbol
	3 PRB + 1 symbol
	1 PRB + 1 slot

	1
	Scenario #1: 1/3 and 2/3 subframes as timing offset for the 2 NCs
	High
	2.0
	3.5
	3.1
	3.2

	2
	
	Medium
	0.8
	1.5
	1.6
	1.5

	3
	
	Low
	-0.4
	0.8
	1.1
	0.6

	4
	
	DIP based
	0.7
	1.8
	1.6
	1.1

	5
	Scenario #2: 1/7 and 1/14 subframes offset for the 2 NCs
	High
	2.2
	3.5
	4.2
	2.8

	6
	
	Medium
	0.6
	2.0
	2.7
	1.3

	7
	
	Low
	-0.7
	0.7
	1.5
	0.5

	8
	Scenario #3: 2CP offset for the 2 NCs
	High 
	0.0
	0.9
	1.0
	0.7

	9
	
	Medium
	-1.0
	0.4
	0.7
	0.6

	10
	
	Low
	-1.4
	0.0
	0.0
	0.0


Both PDCCH and PHICH simulation results indicate that the LMMSE-IRC demodulation performance depends on the interference and noise covariance matrix estimation assumptions. In case of insufficient covariance matrix averaging (1 PRB + 1 symbol) the LMMSE-IRC receivers may have small performance degradation vs LMMSE-MRC for the Low INR conditions. In case the covariance matrix averaging granularity is increased the performance is improved and LMMSE-IRC receiver is not worse than LMMSE-MRC for Low INR and provides noticeable performance gains when the interference is strong enough (for Med/High NAICS INR). We would also like to emphasize that single PRB + single symbol interference and noise averaging assumptions represent the “worst” case conditions and the practical receiver implementations are expected to have sufficiently better estimation accuracy.
Observation #1:
LMMSE-IRC receivers can provide sufficient performance gains over LMMSE-MRC for PDCCH/PCFICH/PHICH in the asynchronous networks in the interference-limited conditions.
3. Conclusions

In this contribution, we have provided our views on the remaining details of the DL Control channel IM reference receiver structures. The simulation results prove that under practical interference estimation assumptions LMMSE-IRC receivers can provide PDCCH/PCFICH/PHICH performance in the interference limited scenarios for different types of time asynchronous networks. In case of low interference power the LMMSE-IRC receiver has sufficient robustness and does not degrade the performance comparing with the baseline LMMSE-MRC receivers. So, in summary we make the following proposals:

Proposal #1:
LMMSE-IRC receivers are used as reference IM receivers for PDCCH/PCFICH/PHICH in the asynchronous networks.

Proposal #2:
Conclude on the feasibility of using enhanced DL Control Channel IM receivers to improve the performance in the asynchronous networks in the interference-limited conditions.
Proposal #3:
Further discuss the introduction of the PDCCH/PHICH test cases for asynchronous deployments based on the WF R4-163048.
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Annex A: Simulation Assumptions
Table 3. Simulation assumptions

	Parameters
	Value

	System bandwidth
	10MHz for both serving cell and interfering cells

	Duplexing mode
	FDD

	Cyclic prefix
	Normal

	Number of interference cells
	2 interfering cells

	Cell ID
	(0,1,6) 

	Interference power profile
	High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB, 

Medium INR: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB,
Low INR: I1/Noc = 3.28 dB, I2/Noc = 0.74 dB,
Rel-11 profile: DIP1:-1.73; DIP2: -8.66

	Network synchronization scenarios
	Time offset:
Scenario #1: Rel-13 (1/3 and 2/3 SF)

Scenario #2: 2 symbols and 1symbol
Scenario #3: 2 CP timing offset

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2 with Low correlation

	Tx EVM
	6%

	Unused Serving cell RE-s and PRB-s
	OCNG

	Interference model for asynchronous scenario
	Scenario #1: Rel-11

Scenario #2, 3: TM4 rank 1, random PMI among subframes.

	Channel model
	EVA70

	Number of PHICH groups (Ng)
	1

	PHICH duration
	Normal

	PDCCH/PCFICH parameters

	Serving cell PDCCH
	AL 2; DCI Format 2 (43 bits – FDD, 10MHz)

	CFI
	Option 1: CFIS = 1, CFII = 1

Option 2: CFIS = 3, CFII = 3

	Performance metrics
	Pm-dsg vs SINR

	PHICH parameters

	PHICH FRC
	R.19 in TS 36.101

	CFI
	CFIS = 1, CFII = 1

	Performance metrics
	Pm-an vs SINR
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