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1 Introduction

In RAN4#76bis meeting the following agreements were made for the control channel interference mitigation WI related to asynchronous network.
· IM receiver structures for PDCCH/PCFICH/PHICH 
· Synchronous network scenarios: 
· Option 1: E-LMMSE-IRC
· Option 2: E-LMMSE-IRC + CRS-IC
· Option 3: LMMSE-IRC
· Option 4: LMMSE-IRC + CRS-IC
· Asynchronous network scenarios: LMMSE-IRC
· The above IM receiver structure is for information.
· Interference model for asynchronous network scenarios
· Option 1: 1/3 and 2/3 subframes as timing offset for the 2 NCs (i.e. same as for Rel.11 MMSE-IRC).
· Other options are not precluded
In this contribution we provide our view on the candidate receiver for asynchronous network together with simulation results and also propose the interference model for asynchronous network for PDCCH/PCFICH.
2 Performance results for PDCCH/PCFICH under asynchronous network
The simulation results are based on existing tests defined in [1] as following as the basic test scenarios with non-colliding CRS with interference profile reusing NAICS high INR scenarios with 2 NCs modelled and also 2 NCs are considered for MMSE-IRC. 6% Tx EVM is assumed for all tests.

8.4.1.2.1
Minimum Requirement 2 Tx Antenna Port

For the parameters specified in Table 8.4.1-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4.1.2.1-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.4.1.2.1-1: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	10 MHz
	4 CCE
	R.16 FDD
	OP.1 FDD
	 EVA70
	2 x 2 Low
	1
	 -0.6


Figure 1 and 2 show the PCFICH and PDCCH BLER where thePDCCH BLER has included the PCFICH BLER dependency for NCs using TM3 and TM4 respectively. The purpose is to study if the NC TM gives any impact on performance gain of MMSE-IRC. 
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Figure 1 BLER for PCFICH and PDCCH with TM2/TM3/TM3 under async network
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Figure 2 BLER for PCFICH and PDCCH with TM2/TM4/TM4 under async network
Proposal 1: Non-colliding CRS under full NC loads with asynchronous network should be considered for PCFICH/PDCCH/PHICH with MMSE-IRC, with sufficient gain observed.
3 Interference model for PDCCH/PCFICH/PHICH under asynchronous network

From the figures aboves there is no obvious difference observed from different NC TM between TM3 and TM4 so we propose to simply reuse the Type A receiver interference model with TM3 on NCs and the interference changes modulation, PMI, RI per subband.

Also the MMSE-IRC receiver for control channel PCFICH/PDCCH follows the same assumption as required for PDSCH tests defined in Rel-12, e.g. channel estimation is based on 1 PRB pair and noise covariance matrix estimation is based on 3 PRB pairs, etc.

Proposal 2: Interference model is proposed as in Table 1 with Type A receiver TM3 interference model on NCs and the interference changes modulation, PMI, RI per subband.
Table 1 Interference model for PCFICH/PDCCH/PHICH
	
	Asynchronous network

	NC model
	Random interference model with TM3 from Type A tests (the interference changes modulation, PMI, RI per subband)

	CFI
	CFI=3

	NC load
	100%

	Timing offset
	1/3, 2/3 ms

	Interference profile
	NAICS high INR with 2 NCs modelled and considered in MMSE-IRC receiver


4 Test list and test scenario for PDCCH/PCFICH/PHICH under asynchronous network 

Based on all results and proposals the tests for PCFICH/PDCCH and PHICH are listed as the following Table 2 and 3.

Proposal 3: Test list is listed for PCFICH/PDCCH and PHICH in Table 2 and 3.
Table 2 Test list for PDCCH/PCFICH under async network

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Colliding CRS/ Non-dolliding CRS
	Synchronous network/ Asynchronous network
	W/wo CRS assistant information
	FDD/TDD
	NC load

	1 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Non-colliding
	Async
	Without
	FDD
	100%


Table 3 Test list for PHICH

	Test number
	Bandwidth 
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Colliding CRS/ Non-dolliding CRS
	Synchronous network/ Asynchronous network
	W/wo CRS assistant information
	FDD/TDD
	NC load

	1 
	10 MHz
	R.19
	 EVA70
	2 x 2 Low
	Non-colliding
	Async
	Without
	FDD
	100%


5 Conclusion

This contribution provides definition of different receiver types and results with observations and proposals as following.
Proposal 1: Non-colliding CRS under full NC loads with asynchronous network should be considered for PCFICH/PDCCH with MMSE-IRC, with sufficient gain observed.
Proposal 2: Interference model is proposed as in Table 1 with Type A receiver TM3 interference model on NCs and the interference changes modulation, PMI, RI per subband.

Table 1 Interference model for ePDCCH

	
	Asynchronous network

	NC model
	Random interference model with TM3 from Type A tests (the interference changes modulation, PMI, RI per subband)

	CFI
	CFI=3

	NC load
	100%

	Timing offset
	1/3, 2/3 ms

	Interference profile
	NAICS high INR with 2 NCs modelled and considered in MMSE-IRC receiver


Proposal 3: Test list is listed for PCFICH/PDCCH and PHICH in Table 2 and 3.
Table 2 Test list for PDCCH/PCFICH under async network

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Colliding CRS/ Non-dolliding CRS
	Synchronous network/ Asynchronous network
	W/wo CRS assistant information
	FDD/TDD
	NC load

	1 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Non-colliding
	Async
	Without
	FDD
	100%


Table 3 Test list for PHICH

	Test number
	Bandwidth 
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Colliding CRS/ Non-dolliding CRS
	Synchronous network/ Asynchronous network
	W/wo CRS assistant information
	FDD/TDD
	NC load

	1 
	10 MHz
	R.19
	 EVA70
	2 x 2 Low
	Non-colliding
	Async
	Without
	FDD
	100%
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