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1 Introduction

The control channel interference mitigation WI for Rel-13 is approved in [1] with the following objectives.
· Consider the following reference IS/IC receiver structures for the EPDCCH
· Synchronous network scenarios: LMMSE-IRC + Non-colliding CRS-IC
· Asynchronous network scenarios: LMMSE-IRC
· Control region duration in the serving and interference cells for EPDCCH (synchronous networks)
· Aligned control regions in the serving and interference cells
· Serving and interference cell CFI value is 3
· Interference model for EPDCCH (synchronous networks)
· Option 1: PDSCH interference. FFS whether full or partial PDSCH loading is used.
· Option 2: No interference (i.e. no co-channel PDSCH, EPDCCH transmissions)
In this contribution we discuss different receiver types for different test configurations and deployment scenarios for different control channels and provide 1st-step evaluation results accordingly with conclusions.
2 Performance results for ePDCCH with MMSE-IRC
The simulation results are based on existing tests defined in [2] as following as the basic test scenarios 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.

8.8.1
Distributed Transmission 

8.8.1.1
FDD

The parameters specified in Table 8.8.1.1-1 are valid for all FDD distributed EPDCCH tests unless otherwise stated.
Table 8.8.1.1-1: Test Parameters for Distributed EPDCCH
	Parameter
	Unit
	Value

	Number of PDCCH symbols
	symbols
	2 (Note 1)

	PHICH duration
	
	Normal

	Unused RE-s and PRB-s
	
	OCNG

	Cell ID
	
	0

	Downlink power allocation
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at antenna port
	dBm/15kHz
	-98

	Cyclic prefix
	
	Normal

	Subframe Configuration
	
	Non-MBSFN

	Precoder Update Granularity
	PRB
	1

	
	ms
	1

	Beamforming Pre-Coder
	
	Annex B. 4.4

	Cell Specific Reference Signal
	
	Port 0 and 1

	Number of EPDCCH Sets Configured
	
	2 (Note 2)

	Number of PRB per EPDCCH Set
	
	4 (1st Set)

 8 (2nd Set)

	EPDCCH Subframe Monitoring
	
	NA

	PDSCH TM
	
	TM3

	DCI Format
	
	2A

	Note 1:
The starting symbol for EPDCCH is derived from the PCFICH. RRC signalling epdcch-StartSymbol-r11 is not configured.

Note 2:
The two sets are distributed EPDCCH sets and non-overlapping with PRB = {3, 17, 31, 45} for the first set and PRB = {0, 7, 14, 21, 28, 35, 42, 49} for the second set. EPDCCH is scheduled in the first set for Test 1 and second set for Test 2, respectively. Both sets are always configured. 


For the parameters specified in Table 8.8.1.1-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.8.1.1-2. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.8.1.1-2: Minimum performance Distributed EPDCCH

	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 ECCE
	R.55 FDD
	OP.7 FDD
	EVA5
	2 x 2 Low
	1
	2.60

	2
	10 MHZ
	16 ECCE 
	R.56 FDD
	OP.7 FDD
	EVA70
	2 x 2 Low
	1
	-3.20


8.8.2
Localized Transmission with TM9 

8.8.2.1
FDD

The parameters specified in Table 8.8.2.1-1 are valid for all FDD TM9 localized ePDCCH tests unless otherwise stated.
Table 8.8.2.1-1: Test Parameters for Localized EPDCCH with TM9

	Parameter
	Unit
	Value

	Number of PDCCH symbols
	symbols
	1 (Note 1)

	EPDCCH starting symbol
	symbols
	2 (Note 1)

	PHICH duration
	
	Normal

	Unused RE-s and PRB-s
	
	OCNG

	Cell ID
	
	0

	Downlink power allocation
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	Cyclic prefix
	
	Normal

	Subframe Configuration
	
	Non-MBSFN

	Precoder Update Granularity
	PRB
	1

	
	ms
	1

	Beamforming Pre-Coder
	
	Annex B.4.5

	Cell Specific Reference Signal
	
	Port 0 and 1

	CSI-RS Reference Signal
	
	Port 15 and 16

	CSI-RS reference signal resource configuration
	
	0

	CSI reference signal subframe configuration ICSI-RS
	
	2

	ZP-CSI-RS configuration bitmap
	
	0000010000000000

	ZP-CSI-RS subframe configuration IZP-CSI-RS
	
	2

	Number of EPDCCH Sets
	
	2 (Note 2)

	EPDCCH Subframe Monitoring pattern

subframePatternConfig-r11 
	
	1111111110  1111111101  1111111011 1111110111 (Note 3)

	PDSCH TM
	
	TM9

	Note 1:
The starting symbol for EPDCCH is signalled with epdcch-StartSymbol-r11. However, CFI is set to 1.

Note 2:
The first set is distributed transmission with PRB = {0, 49} and the second set is localized transmission with PRB = {0, 7, 14, 21, 28, 35, 42, 49}. ePDCCH is scheduled in the second set for all tests. 

Note 3:
EPDCCH is scheduled in every SF. UE is required to monitor ePDCCH for UE-specific search space only in SFs configured by subframePatternConfig-r11. Legacy PDCCH is not scheduled.


For the parameters specified in Table 8.8.2.1-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.8.2.1-2. EPDCCH subframe monitoring is configured and the subframe monitoring requirement in EPDCCH restricted subframes is statDTX of 99.9%.

The downlink physical setup is in accordance with Annex C.3.2.

Table 8.8.2.1-2: Minimum performance Localized EPDCCH with TM9

	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
	2 ECCE
	R.57 FDD
	OP.7 FDD
	EVA5
	2 x 2 Low
	1
	12.2

	2
	10 MHZ
	8 ECCE 
	R.58 FDD
	OP.7 FDD
	EVA5
	2 x 2 Low
	1
	2.5


2.1 ePDCCH under synchronous network

2.1.1 Simulation results with full load on NCs with CFI from exisiting tests
The following figures show the simulation results in BLER vs SINR for ePDCCH for both distributed and localized TM, with colliding and non-collidng CRS and full load PDSCH interference and 2 NCs with high INR.
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Figure 1 BLER for distributed Test 1 with collding CRS with full NC load

[image: image10.png]BLER ePDCCH

8.8.1.1 test 1, Non-Colliding CRS, Distributed
T T T T T

10°

—&— MMSE-MRC, w/o CRS IM
—— MMSE-MRC, w CRS IM
——&— MMSE-IRC, w/o CRS IM
—+— MMSE-IRC, w CRS IM

103
-16

-14 -12 -10 -8 -6 -4 -2 0 2
SINR [dB]





Figure 2 BLER for distributed Test 1 with non-collding CRS with full NC load
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Figure 3 BLER for distributed Test 2 with collding CRS with full NC load
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Figure 4 BLER for distributed Test 2 with non-collding CRS with full NC load
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Figure 5 BLER for localized Test 1 with collding CRS with full NC load
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Figure 6 BLER for localized Test 1 with non-collding CRS with full NC load
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Figure 7 BLER for localized Test 2 with collding CRS with full NC load
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Figure 8 BLER for localized Test 2 with non-collding CRS with full NC load

2.1.2 Simulation results with zero load on NCs with CFI from existing tests
The following figures show the simulation results in BLER vs SNR for ePDCCH for both distributed and localized TM, with non-collidng CRS and zero load PDSCH interference and 2 NCs with high INR, in order to check up the gain from using CRS-IC.
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Figure 9 BLER for distributed Test 1 with non-collding CRS with zero NC load
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Figure 10 BLER for distributed Test 2 with non-collding CRS with zero NC load
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Figure 11 BLER for localized Test 1 with non-collding CRS with zero NC load
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Figure 12 BLER for localized Test 2 with non-collding CRS with zero NC load

2.1.3 Simulation results with full load on NCs with CFI=3
The following figures show the simulation results in BLER vs SINR for ePDCCH for both distributed and localized TM, with colliding and non-collidng CRS and full load PDSCH interference and 2 NCs with high INR.
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Figure 13 BLER for distributed Test 1 with collding CRS with full NC load
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Figure 14 BLER for distributed Test 1 with non-collding CRS with full NC load
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Figure 15 BLER for distributed Test 2 with collding CRS with full NC load
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Figure 16 BLER for distributed Test 2 with non-collding CRS with full NC load
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Figure 17 BLER for localized Test 1 with collding CRS with full NC load
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Figure 18 BLER for localized Test 1 with non-collding CRS with full NC load
[image: image27.png]BLER ePDCCH

8.8.2.1 test 2, Colliding CRS, Synch, ABS=0
e - T T T

10°

e —

—=&— MRC, no CRS-IM
—— MRC, with CRS-IM
—=&— IRC, no CRS-IM
—+— IRC, with CRS-IM

_—

103

-15

-10

SINR [dB]

-5





Figure 19 BLER for localized Test 2 with collding CRS with full NC load
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Figure 20 BLER for localized Test 2 with non-collding CRS with full NC load

2.1.4 Simulation results with zero load on NCs with CFI=3

The following figures show the simulation results in BLER vs SINR for ePDCCH for both distributed and localized TM, with non-collidng CRS and zero load PDSCH interference and 2 NCs with high INR, in order to check up the gain from using CRS-IC.
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Figure 21 BLER for distributed Test 1 with non-collding CRS with zero NC load
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Figure 22 BLER for distributed Test 2 with non-collding CRS with zero NC load
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Figure 23 BLER for localized Test 1 with non-collding CRS with zero NC load
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Figure 24 BLER for localized Test 2 with non-collding CRS with zero NC load

2.1.5 Results summary for ePDCCH

From the results above the following summarizes the performance gain at BLER 1% with full load for both CFI reusing existing tests and CFI=3.

· 8.8.1.1 Test 1 , non-colliding CRS, distributed, more than 2dB gain at BLER 1%

· 8.8.1.1 Test 1 , colliding CRS, distributed, about 2dB gain at BLER 1%

· 8.8.1.1 Test 2 , non-colliding CRS, distributed, 1dB gain at BLER 1%
· 8.8.1.1 Test 2 , colliding CRS, distributed, 1dB gain at BLER 1%
· 8.8.2.1 Test 1 , non-colliding CRS, localized, about 1dB gain at BLER 1%
· 8.8.2.1 Test 1 , colliding CRS, localized, less than 1dB gain at BLER 1%
· 8.8.2.1 Test 2 , non-colliding CRS, localized, about 2dB gain at BLER 1%

· 8.8.2.1 Test 2 , colliding CRS, localized, about 2dB gain at BLER 1%

It can be seen Test 1 for distributed and Test 2 for localized with both colliding and non-colliding can achieve sufficient gains with MMSE-IRC receiver. The other tests are due to very high SINR level and if we want to get enough gain the CCE number corresponding to the coding rate need to be adjusted.
Proposal 1: Both distributed and localized with colliding and non-colliding CRS under full NC loads with synchronous network should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.

When there is zero NC load the following summarizes the performance gain at BLER 1% for both CFI reusing existing tests and CFI=3.

· 8.8.1.1 Test 1 , non-colliding CRS, distributed, about 5dB gain at BLER 1%

· 8.8.1.1 Test 2 , non-colliding CRS, distributed, 4dB gain at BLER 1%

· 8.8.2.1 Test 1 , non-colliding CRS, localized, about 5dB gain at BLER 1%

· 8.8.2.1 Test 2 , non-colliding CRS, localized, about 4dB gain at BLER 1%
It can be seen when it’s under zero load for both localized and distributed with non-colliding MMSE-MRC+CRS-IC can achieve the best performance with sufficient gains about 4~5dB compared to the legacy receiver without CRS-IC and such zero load condition for DM-RS based TM on ePDCCH can be taken also as a typical scenario when NC has no PDSCH scheduled on certain PRBs where SC has such data.
Proposal 2: Both distributed and localized with non-colliding CRS under zero NC loads with synchronous network should be considered for ePDCCH with MMSE-IRC+CRS-IC, with sufficient gain observed.
2.2 ePDCCH under asynchronous network

The asynchronous network reuses the Type A scenario with time offset as 1/3 and 2/3ms for the NCs.
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Figure 25 BLER for distributed Test 1 with non-collding CRS with full NC load under async
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Figure 26 BLER for distributed Test 1 with collding CRS with full NC load under async
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Figure 27 BLER for distributed Test 2 with non-collding CRS with full NC load under async
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Figure 28 BLER for distributed Test 2 with collding CRS with full NC load under async
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Figure 29 BLER for localized Test 1 with non-collding CRS with full NC load under async
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Figure 30 BLER for localized Test 1 with collding CRS with full NC load under async
[image: image39.png]BLER ePDCCH

) .8.2.1 test 2,

Non-Colliding CRS, Asynch, ABS=0
T T T

10°

S

—=&— MRC, no CRS-IM
—— MRC, with CRS-IM
—=&— IRC, no CRS-IM
—+— IRC, with CRS-IM

103

-15

-10

SINR [dB]

-5





Figure 31 BLER for localized Test 2 with non-collding CRS with full NC load under async
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Figure 32 BLER for localized Test 2 with collding CRS with full NC load under async
For asynchronous network colliding CRS will not collid with CRS from NC any longer so from performance point of view the impact of having the IRC receiver should be the same for colliding and non-colliding CRS as seen in figures above so it’s fine to skip the colliding CRS tests but only keep non-colliding CRS with full load.

Proposal 3: Both distributed and localized with non-colliding CRS under full NC loads with asynchronous network should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.
3 Interference model for ePDCCH

Based on the agreements made from last meeting the candidate receiver to be used for ePDCCH interference mitigation is MMSE-IRC considering the interference properties can vary a lot from PDSCH and ePDCCH and possible other control channels, we think it’s good enough to reuse the random interference model of TM9 from NAICS PDSCH test for ePDCCH tests here for both synchronous and asynchronous network.
Proposal 4: Reuse NAICS TM9 random interference model for ePDCCH tests for both synchronous and asynchronous network.

Though the agreement has been made for CFI=3 for ePDCCH tests but it was done within very short time within one meeting. The network configuration rarely configures 3 OFDM symbols for PDCCH when ePDCCH is available so it’s more proper to keep the existing test configuration defined in [2]. According to results from Chapter 2 with CFI reusing CFI=2 for distributed tests and CFI=1 for localized tests as the existing ePDCCH test there are sufficient gain observed compared to CFI=3 as the agreed value. So we propose to change the agreement on CFI and keep the CFI number from the existing tests.

Proposal 5: Change the agreement on CFI and keep the CFI number from the existing tests with CFI reusing CFI=2 for distributed tests and CFI=1 for localized tests for synchronous network.
Also the NAICS interference model could be confirmed as high INR with 2 NCs modelled and 2NCs are considered for the MMSE-IRC receiver.

Proposal 6: Confirm NAICS profile as high INR with 2 NCs modelled and 2NCs considered in MMSE-IRC receiver to be used in the test configuration.
From the results under asynchronous network the timing offsets can be confirmed as 1/3 and 2/3ms for the 1st and 2nd NCs.

Proposal 7: Confirm timing offsets as 1/3 and 2/3ms for the 1st and 2nd NCs for asynchronous network to be used in the test configuration.
4 Test list and test scenario for ePDCCH

Based on all results and proposals we try to down select the tests for ePDCCH as the following Table 1 and the interference model is listed in Table 2.
Proposal 8: Test list is listed in Table 1 and interference model for ePDCCH in Table 2.

Table 1 Test list for ePDCCH

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

	1 
	10 MHz
	4 ECCE
	R.55 FDD
	EVA5
	2 x 2 Low
	Distributed
	Colliding
	Sync
	Without
	MMSE-IRC
	Both
	100%

	2
	10 MHz
	4 ECCE
	R.55 FDD
	EVA5
	2 x 2 Low
	Distributed
	Non-colliding
	Sync
	With
	MMSE-IRC + CRS-IC
	Both
	0%

	3
	10 MHz
	4 ECCE
	R.55 FDD
	EVA5
	2 x 2 Low
	Distributed
	Non-colliding
	Async
	Without
	MMSE-IRC
	FDD
	100%

	4 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Colliding
	Sync
	Without
	MMSE-IRC
	Both
	100%

	5 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Non-colliding
	Sync
	With
	MMSE-IRC + CRS-IC
	Both
	0%

	6 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Non-colliding
	Async
	Without
	MMSE-IRC
	FDD
	100%


Table 2 Interference model for ePDCCH

	
	Synchronous network
	Asynchronous network

	NC model
	Random interference model with TM9 from NAICS
	Random interference model with TM9 from NAICS

	CFI
	Distributed CFI=2, Localized CFI=1 
	CFI=3

	NC load
	100%, 0%
	100%

	Timing offset
	0
	1/3, 2/3 ms

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


5 Applicability rules for ePDCCH tests

For the applicability rule for ePDCCH tests for CC-IM capable UE it’s possible to skip the existing legacy tests in order to save test number but it’s also important to keep good test coverage. 

Proposal 9: For CC-IM capable UE the legacy ePDCCH tests defined without interference modelled could be skipped once the new tests defined with interference modelled are executed.
6 Conclusion

This contribution provides simulation results and interference model for ePDCCH for both synchronuous and asynchronous network with proposals as following.
Proposal 1: Both distributed and localized with colliding and non-colliding CRS under full NC loads with synchronous network should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.

Proposal 2: Both distributed and localized with non-colliding CRS under zero NC loads with synchronous network should be considered for ePDCCH with MMSE-IRC+CRS-IC, with sufficient gain observed.
Proposal 3: Both distributed and localized with non-colliding CRS under full NC loads with asynchronous network should be considered for ePDCCH with MMSE-IRC, with sufficient gain observed.
Proposal 4: Reuse NAICS TM9 random interference model for ePDCCH tests for both synchronous and asynchronous network.

Proposal 5: Change the agreement on CFI and keep the CFI number from the existing tests with CFI reusing CFI=2 for distributed tests and CFI=1 for localized tests for synchronous network.
Proposal 6: Confirm NAICS profile as high INR with 2 NCs modelled and 2NCs considered in MMSE-IRC receiver to be used in the test configuration.

Proposal 7: Confirm timing offsets as 1/3 and 2/3ms for the 1st and 2nd NCs for asynchronous network to be used in the test configuration.

Proposal 8: Test list is listed in Table 1 and interference model for ePDCCH in Table 2.

Table 1 Test list for ePDCCH

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

	1 
	10 MHz
	4 ECCE
	R.55 FDD
	EVA5
	2 x 2 Low
	Distributed
	Colliding
	Sync
	Without
	MMSE-IRC
	Both
	100%

	2
	10 MHz
	4 ECCE
	R.55 FDD
	EVA5
	2 x 2 Low
	Distributed
	Non-colliding
	Sync
	With
	MMSE-IRC + CRS-IC
	Both
	0%

	3
	10 MHz
	4 ECCE
	R.55 FDD
	EVA5
	2 x 2 Low
	Distributed
	Non-colliding
	Async
	Without
	MMSE-IRC
	FDD
	100%

	4 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Colliding
	Sync
	Without
	MMSE-IRC
	Both
	100%

	5 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Non-colliding
	Sync
	With
	MMSE-IRC + CRS-IC
	Both
	0%

	6 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Non-colliding
	Async
	Without
	MMSE-IRC
	FDD
	100%


Table 2 Interference model for ePDCCH

	
	Synchronous network
	Asynchronous network

	NC model
	Random interference model with TM9 from NAICS
	Random interference model with TM9 from NAICS

	CFI
	Distributed CFI=2, Localized CFI=1 
	CFI=3

	NC load
	100%, 0%
	100%

	Timing offset
	0
	1/3, 2/3 ms

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


Proposal 9: For CC-IM capable UE the legacy ePDCCH tests defined without interference modelled could be skipped once the new tests defined with interference modelled are executed.
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