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1 Introduction

The WID for control channels interference mitigation is approved in [1]. From discussion paper in [2~5] a general overview of different receiver types and performance for different control channels is presented. 
In this contribution we summarize the overall picture with the test scenarios to be specified for different control channels with test lists proposed.
2 Test scenarios and scope
2.1 Baseline test scenario

The general test scenarios for control channels e.g. PDCCH/PCFICH should focus on the homogenuous network as a more commonly deployed scenarios.
Proposal 1: Targeted scenarios for control channel interference mitigation should be homogenuous network as common deployment scenarios.

2.1.1 Baseline test scenario for PDCCH/PCFICH

Based on such proposal and also the analysis from [2] the tests should more focus on the test configuration with Tx diversity with either 2Tx or 4Tx cases as following, taken from [6] as the existing tests for PDCCH/PCFICH.
8.4.1.2
Transmit diversity performance

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


8.4.1.2.2
Minimum Requirement 4 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 8.4.1.2.2-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.4.1.2.2-1: 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
	5 MHz
	2 CCE
	R.17 FDD
	OP.1 FDD
	 EPA5
	4 x 2 Medium
	1
	6.3


2.1.2 Baseline test scenario for PHICH

Similarly the baseline test scenario for PHICH is listed below as following. It should be good enough to only focus on 2Tx for PHICH.

8.5.1.2
Transmit diversity performance

8.5.1.2.1
Minimum Requirement 2 Tx Antenna Port

For the parameters specified in Table 8.5.1-1 the average probability of a miss-detecting ACK for NACK (Pm-an) shall be below the specified value in Table 8.5.1.2-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.5.1.2.1-1: Minimum performance PHICH

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

	
	
	
	
	
	
	Pm-an (%)
	SNR (dB)

	1 
	10 MHz
	R.19
	OP.1 FDD
	EVA70
	2 x 2 Low
	0.1
	4.4

	Note 1: Test case applicability is defined in 8.1.2.1.


Proposal 2: Reuse existing tests with Tx diversity with 2Tx and 4Tx for PDCCH/PCFICH and with 2Tx for PHICH.
2.1.3 Baseline test scenario for ePDCCH

Based on the simulation results from [4] it’s preferred to focus on the SINR level targeted at cell edge so the following baseline test scenarios are proposed for both distributed and localized scenarios for ePDCCH.

8.8.1
Distributed Transmission 

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


8.8.2
Localized Transmission with TM9 

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)

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


Proposal 3: Reuse existing test scenarios for ePDCCH on distributed and localized transmission targeting at cell edge SINR.

2.2 Interference scenarios
On top of it the interference should be added as neighboring cells. There are 2 options to reuse the existing conditions which are

· NAICS scenario with 2 interfering cells, high INR
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	dB
	N/A
	13.91
	3.34


· IRC scenarios with 2 interfering cells, DIP

Our preference is to reuse NAICS scenarios with high INR since for IRC work it was observed with the DIP values defined in specification the interference level is rather low.
Proposal 4: Reuse NAICS test scenarios with 2 interfering cells and high INR for control channel interference mitigation requirements.

2.3 Synchronous and asynchronous network
For control channels it’s important to have good test coverage for all typical network deployments, including both synchronous and asynchronous networks.
Proposal 5: Both synchronous and asynchronous network should be considered with this WI.

For synchronous network it’s straightforward to also reuse the same test configuration with timing and frequency offsets from NAICS as following, considering Proposal 3.

	
	
	SC
	NC1
	NC2

	Time offset to cell 1
	us
	N/A
	2
	3

	Frequency offset to cell 1
	Hz
	N/A
	200
	300


Proposal 6: Reuse NAICS test scenarios with time and frequency offsets for synchrouns network as above.

For homogenuous network in FDD the asynchronous network is also taken as typical deployment scenarios. Though EIRC may not perform well under asynchronous network when the timing is not aligned within CP length there is still possibility to consider other advanced receiver type to mitigate interference for asynchronous network, e.g. MMSE-IRC receiver has been proved to be more robust with asynchronous timing for FDD scenarios, with same timing offsets defined for IRC PDSCH demodulation as 1/3 and 2/3 subframes for the 2 NCs.
Proposal 7: Consider at least one PDCCH/PCFICH test under asynchronous network with MMSE-IRC with 1/3 and 2/3 subframes as timing offset for the 2 NCs.
2.4 Colliding CRS and non-colliding CRS
With the same reason for good test coverage it’s important both colliding and non-colliding CRS test cases are considered within this WI. Also with results shown in [2] and [4] there are good performance gain observed for both conditions which further proves the benefit of introducing the test cases for both conditions.
Proposal 8: Both colliding and non-colliding CRS test cases should be considered with this WI.

When it comes to definition of colliding and non-colliding CRS the same test configurations from NAICS could also be reused, e.g. colliding means the 1st dominant interfering cell is taken as colliding then the 2nd domiant interfering cell is taken as non-colliding. It’s the similar case for non-colliding CRS.
Proposal 9: Reuse NAICS test scenarios on colliding and non-colliding CRS test configurations.

2.5 CRS assistant information

As stated in [2] and [5] it’s possible for the UE to still achieve good performance better than legacy receiver without such CRS assistant information, no matter such content coming from Rel-11 FeICIC or Rel-13 CRS-IM WI. So it’s important to keep the UE with such capability to gain even without CRS-assistance info.
Proposal 10: Define tests with advanced receiver performance without CRS-assistant info.

3 Test lists for control channels

Based on the proposals from this paper and also discussions, results, analysis from [2~5] we propose the following test lists for all required control channels within this WI. The interference model is proposed in [3] together with the test lists listed below.
Proposal 11: The overall test lists are proposed as following for all required control channels within this WI. Further downsize of the tests can be further discussed.
3.1 PDCCH/PCFICH
Table 1 Test list for PDCCH/PCFICH

	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
	Colliding
	Sync
	With /Without
	Both
	100%

	2 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Non-colliding
	Sync
	With
	Both
	30%, 100%

	3 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Non-colliding
	Sync
	Without
	Both
	100%

	4 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Colliding
	Async
	Without
	FDD
	100%

	5 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Non-colliding
	Async
	Without
	FDD
	100%

	6
	5 MHz
	2 CCE
	R.17 
	 EPA5
	4 x 2 Medium
	Non-colliding
	Sync
	With
	Both
	30%, 100%

	Note 1: For Test 6 it’s possible to consider 4x2 on SC and 2x2 on NCs in order to reduce the number of faders for the testing cost.


3.2 PHICH

Table 2 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
	Colliding
	Sync
	With/ Without
	Both
	100%

	2 
	10 MHz
	R.19
	 EVA70
	2 x 2 Low
	Non-colliding
	Sync
	With
	Both
	30%, 100%

	3 
	10 MHz
	R.19
	 EVA70
	2 x 2 Low
	Colliding
	Async
	Without
	FDD
	100%

	4 
	10 MHz
	R.19
	 EVA70
	2 x 2 Low
	Non-colliding
	Async
	Without
	FDD
	100%


3.3 ePDCCH

Table 3 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
	FDD/TDD
	NC load

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

	2
	10 MHz
	4 ECCE
	R.55 FDD
	EVA5
	2 x 2 Low
	Distributed
	Non-colliding
	Sync
	With
	Both
	0%, 100%

	3 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Colliding
	Sync
	With/ Without
	Both
	100%

	4 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Non-colliding
	Sync
	With
	Both
	0%, 100%


4 Applicability rules for CC-IM capable UE

For the applicability rule for CC-IM capable UE it’s possible to skip certain tests in order to save test number but it’s also important to keep good test coverage, similar to 4Rx work as stated in [6]. So we propose the following rules to be applied for CC-IM capable UE for both legacy tests with legacy receiver and new tests with advanced receivers.
Proposal 12: The below Rule 1 and Rule 2 should be applied to requirements for all control channels for CC-IM capable UEs in order to achieve proper test coverage.
· Rule 1: If the test scenario defined with interference modelled is with same antenna configuration in serving cell as the legacy test scenario defined with legacy receiver without any interference modelled, except SNR/SINR requirements, then only the new tests defined with interference need to be executed and the legacy tests without interference could be skipped.

· Rule 2: If a test scenario defined for legacy receiver without any interference modelled does not have a corresponding new test scenario with interference modelled, the legacy tests with 2Rx need to be executed. 
5 Conclusion

This contribution provides test scope and test scenarios together with an overall test lists with proposals as following.
Proposal 1: Targeted scenarios for control channel interference mitigation should be homogenuous network as common deployment scenarios.

Proposal 2: Reuse existing tests with Tx diversity with 2Tx and 4Tx for PDCCH/PCFICH and with 2Tx for PHICH.
Proposal 3: Reuse existing test scenarios for ePDCCH on distributed and localized transmission targeting at cell edge SINR.
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Proposal 4: Reuse NAICS test scenarios with 2 interfering cells and high INR for control channel interference mitigation requirements.

Proposal 5: Both synchronous and asynchronous network should be considered with this WI.

	
	
	SC
	NC1
	NC2

	Time offset to cell 1
	us
	N/A
	2
	3

	Frequency offset to cell 1
	Hz
	N/A
	200
	300


Proposal 6: Reuse NAICS test scenarios with time and frequency offsets for synchrouns network as above.

Proposal 7: Consider at least one PDCCH/PCFICH test under asynchronous network with MMSE-IRC with 1/3 and 2/3 subframes as timing offset for the 2 NCs.

Proposal 8: Both colliding and non-colliding CRS test cases should be considered with this WI.

Proposal 9: Reuse NAICS test scenarios on colliding and non-colliding CRS test configurations.

Proposal 10: Define tests with advanced receiver performance without CRS-assistant info.

Proposal 11: The overall test lists are proposed as following for all required control channels within this WI. Further downsize of the tests can be further discussed.
Table 1 Test list for PDCCH/PCFICH

	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
	Colliding
	Sync
	With /Without
	Both
	100%

	2 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Non-colliding
	Sync
	With
	Both
	30%, 100%

	3 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Non-colliding
	Sync
	Without
	Both
	100%

	4 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Colliding
	Async
	Without
	FDD
	100%

	5 
	10 MHz
	4 CCE
	R.16 
	 EVA70
	2 x 2 Low
	Non-colliding
	Async
	Without
	FDD
	100%

	6
	5 MHz
	2 CCE
	R.17 
	 EPA5
	4 x 2 Medium
	Non-colliding
	Sync
	With
	Both
	30%, 100%

	Note 1: For Test 6 it’s possible to consider 4x2 on SC and 2x2 on NCs in order to reduce the number of faders for the testing cost.


Table 2 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
	Colliding
	Sync
	With/ Without
	Both
	100%

	2 
	10 MHz
	R.19
	 EVA70
	2 x 2 Low
	Non-colliding
	Sync
	With
	Both
	30%, 100%

	3 
	10 MHz
	R.19
	 EVA70
	2 x 2 Low
	Colliding
	Async
	Without
	FDD
	100%

	4 
	10 MHz
	R.19
	 EVA70
	2 x 2 Low
	Non-colliding
	Async
	Without
	FDD
	100%


Table 3 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
	FDD/TDD
	NC load

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

	2
	10 MHz
	4 ECCE
	R.55 FDD
	EVA5
	2 x 2 Low
	Distributed
	Non-colliding
	Sync
	With
	Both
	0%, 100%

	3 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Colliding
	Sync
	With/ Without
	Both
	100%

	4 
	10 MHZ
	8 ECCE 
	R.58 FDD
	10 MHZ
	2 x 2 Low
	Localized
	Non-colliding
	Sync
	With
	Both
	0%, 100%


Proposal 12: The below Rule 1 and Rule 2 should be applied to requirements for all control channels for CC-IM capable UEs in order to achieve proper test coverage.
· Rule 1: If the test scenario defined with interference modelled is with same antenna configuration in serving cell as the legacy test scenario defined with legacy receiver without any interference modelled, except SNR/SINR requirements, then only the new tests defined with interference need to be executed and the legacy tests without interference could be skipped.

· Rule 2: If a test scenario defined for legacy receiver without any interference modelled does not have a corresponding new test scenario with interference modelled, the legacy tests with 2Rx need to be executed. 
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