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1 Introduction

In RAN4 Meeting #68, the parameters for ePDCCH demodulation test cases had been discussed and the agreements were captures in [1][2][3]. In this contribution, we will continue discussing the remaining issues for ePDCCH demodulation test and the initial performance evaluation are provided.
2 Simulation results
2.1 Distributed transmission mode test
According to the agreed test parameters, Figure 1 provides the simulation results for EPDCCH distributed transmission tests, and Table 1 provides the reference SNR values at 1% BLER points.
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Figure 1: EPDCCH demodulation performance with the distributed transmission mode

Table 1: EPDCCH performance requirements for distributed transmission mode test

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

	
	
	
	
	
	
	
	Pm-dsg (%)
	Pm-dsg (%)

	1
	10 MHz
	16 ECCE
	TBD
	TBD
	EVA70
	2×2 Low
	1
	-5.2

	2
	10 MHz
	4 ECCE
	TBD
	TBD
	EVA5
	2×2 Low
	1
	0.5


2.2 Localized transmission mode test with TM9
In [4] the random pre-coding scheme was proposed, because firstly it would help simplifying the test setup, secondly it would be sufficient to fulfil the test purpose (to verify the DMRS based EPDCCH demodulation performance and CSI feedback might not be relevant for this test), and thirdly it would avoid potential misalignment of companies’ simulation results.
The concern on it was the lack of functionality test for the EPDCCH and CSI reporting combination. But in our opinion the localized transmission test was conducted in TM9. There are TM9 CQI and PMI tests to guarantee that UE can support demodulation and CSI feedback simultaneously. Besides, from test point of view, it would be difficult to verify all the combinations. So we have: 
· Proposal 1: it is suggested to use the random pre-coding and random scheduling scheme for the EPDCCH localized transmission test, and to use the 2×2 antenna configuration.

According to agreed assumptions, Figure 2 provides the simulation results for the localized transmission mode test with TM9, and Table 2 summarizes the reference SNR values at 1% BLER points. Under EVA5 we provide the simulation results for the following three cases:
· Case 1:  Random pre-coding and random scheduling
· Case 2: Wideband PMI based pre-coding and random scheduling (PUCCH 1-1)
· Case 3: Wideband PMI based pre-coding and sub-band CQI based scheduling (PUSCH 3-1)
It is observed that the performance difference between Case 1 and Case 2 are within 2dB for both 2ECCE and 8ECCE test cases, and the curve slopes for two cases are quite similar.
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Figure 2: EPDCCH demodulation performance with the localized transmission mode.
Table 2: EPDCCH performance requirements for localized transmission mode test with random PMI
	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	Pm-dsg (%)

	1
	10 MHz
	8 ECCE
	TBD
	TBD
	EVA70
	2×2 Low
	1
	0.54

	2
	10 MHz
	2 ECCE
	TBD
	TBD
	EVA5
	2×2 Low
	1
	9.81


3 Discussion on remaining test parameters
3.1 Distributed transmission mode test
The remaining issues are:
· OCNG pattern: the new multiple side OCNG pattern would be needed;

· Downlink power allocation: EPDCCH power allocation should be defined in Annex C.3.2.
These two issues will be discussed in the following sections for both distributed and localized transmission mode. 
3.2 Localized transmission mode test with TM9
Except for OCNG pattern and downlink power allocation, the remaining issues are:
· Whether subframes with CSI-RS/ZP-CSI-RS configurations should be excluded for scheduling (whether the rate matching around CSI-RS should be verified);

· Subframe pattern for EPDCCH monitoring and corresponding test metrics for subframes not under monitoring;

· Detailed random beamforming model for localized transmission;
· Detailed parameters for EPDCCH-PRB-sets, including the ID number and scheduled set;
CSI-RS/ZP-CSI-RS configuration

For CSI-RS/ZP-CSI-RS configuration, originally the concern was raised that scheduling CSI-RS for EPDCCH transmission would lead to the reduction of available RE-s, which then might cause the large spread of simulation results. But from the other aspects, exclusion of CSI-RS for scheduling could not verify the functionality of rate matching around CSI-RS/ZP-CSI-RS.
Figure 3 shows our initial simulation results of localized Test 1/2 in Table 2 for the cases including or excluding subframes with two CSI-RS ports. The periodicity of non-zero power CSI-RS is 5ms and offset is 3 subframes. The analysis of the coding rates with and without rate matching around CSI-RS is given in Table 3. It is observed that the performance difference between them is marginal. So it would be feasible to include CSI-RS during the test.
· Proposal 2: it is suggested to including CSI-RS subframes for EPDCCH scheduling in order to verify the functionality of rate matching around CSI-RS/ZP-CSI-RS. The final decision depends on the performance degradation caused by CSI-RS rate matching compared to excluding CRS-RS subframes. 
If the group is happy to accept Proposal 2, then we suggest following the same methodology as the DMRS TM8/9 test cases, where the different CSI-RS/ZP-CSI-RS port numbers and resource configurations was assumed in the different test cases.
Table 3: Impact of CSI-RS on EPDCCH coding rate, DCI format 2C (58bit including CRC)
	Case
	Available RE-s (coding rate)

	
	In subframes with 2 port CSI-RS
	In subframes without 2 port CSI-RS

	Test 1 (8 ECCE)
	53 (0.547)
	54 (0.537)

	Test 2 (2ECCE)
	212 (0.137)
	216 (0.134)
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Figure 3: Performance comparison between with and without scheduling the subframes containing two CSI-RS ports.

Subframe pattern for EPDCCH monitoring and test metrics
In Table 4 of [3], it was marked as agreement that for EPDCCH subframe monitoring EPDCCH sent on every subframe and the HARQ is monitored separately on these two sets: Monitored and non-monitored subframes. Based on that, the subframe pattern subframePattern-r11 in EPDCCH-Config-r11 (as defined in TS36.33) should be specified with some “0” to indicate subframes not to be monitored. The value of MeasSubframePattern-r10 will be used, and thus 40-bit bitmap is used for FDD and 70-bit bitmap for TDD with UL/DL configuration 0.
Related to previous issue, we propose to exclude part of subframes with CSI-RS by setting them not to be monitored such that to reduce the impact of CSI-RS rate matching.
During the test, the ACK/NACK of two sets of monitored and non-monitored subframes will counted separately. For the subframes not be monitored, we propose to use a TRUE or FALSE test by setting BLER bar as 100%, i.e., if BLER is 100%, then pass the test; otherwise fail the test.
· Proposal 3: set part of subframes with CSI-RS as subframes not monitored.

· Proposal 4: specify a TRUE or FALSE test by setting the required BLER to 100%, i.e., if BLER in the subframes not be monitored is 100% then pass the test; otherwise fail the test.
Random beamforming model 
One layer transmission random beamforming model will be specified. The detailed description would be quite similar to DMRS one layer beamforming model.
3.3 Localized transmission mode test with TM10 quasi co-location Type-B
Except for OCNG pattern and downlink power allocation, the remaining issues are:

· Should CoMP feature 7-0 or feature 7-1 be used for test?
· If feature 7-1 was accepted, what should test metrics be defined?

· In order to have a good test coverage, should it be better to configure two localized EPDCCH-PRB-sets instead of one distributed set and one localized set which is the same as EPDCCH localized test with TM9?

· Should we consider EPA5 for EPDCCH localized test with TM10 quasi co-location Type-B instead of specifying all the EPDCCH performance requirements under EVA propagation conditions?
· The CSI-RS/ZP-CSI-RS/CSI process configuration for the verification of support of QCL signalling.
· Power difference between two cells.

CoMP feature 7-0 and feature 7-1
In our opinion the purpose of this test includes:
· Verify the performance with correctly tracking and compensating the time offset and frequency shift based on quasi co-location configuration;
· Verify the functionality of correct de-rate-matching (de-mapping) for the QCL scenario in accordance with the signalling of 
· PDSCH-RE-MappingQCL-ConfigId-r11 (corresponding to one entity of PDSCH-RE-MappingQCL-Config-r11) in EPDCCH-SetConfig-r11;
· and PQI in DCI format 2D. 

To have a complete test, we propose:

· Proposal 5: it is suggested that both feature 7-0 and feature 7-1 should be considered for EPDCCH localized transmission mode test with TM10 quasi co-location Type-B. Feature 7-0 and 7-1 could be associated with 8ECCE and 2 ECCE test cases respectively.
Test metrics for feature 7-1
If the feature 7-1 was acceptable, then two transmitting points, i.e., Cell 1 and Cell 2, would be configured for the EPDCCH performance requirements. The EPDCCH scheduling pattern would be needed and EPDCCH transmission would be switched between two transmit points. In most of time during the test Cell 1 will transmit EPDCCH and the scheduled PDSCH, which could be used for verification of EPDCCH demodulation performance under the QCL scenario. Cell 2 could be used to verify the functionality of de-rate-matching according to QCL signalling as mentioned above.
Two localized EPDCCH sets
In the last meeting, one distributed and one localized EPDCCH set were accepted for all the localized transmission tests. But there are two localized tests with TM9 and two localized tests with TM10. From test coverage point of view, it is suggested to configure two localized sets for EPDCCH TM10 tests (keep the one localized and one distributed set unchanged for EPDCCH TM9 tests). 
EPA5 channel model, CSI-RS configuration and power difference between two cells
It is observed that currently EVA channel model is assumed for all the EPDCCH test cases. It would be better to change EVA5 to EPA5 for the localized TM10 tests to avoid that UE primarily optimizes the EPDCCH performance for EVA channel.
The detailed configuration of CSI-RS is given in Annex.
And the power difference between two cells could be the same as what will be used for CoMP QCL tests.
3.4 OCNG pattern
In the existing specification, one sided, two sided, and 2-non-contiguous block OCNG patterns were defined. But they could not be suitable for EPDCCH, since multiple non-contiguous blocks would occur, e.g., 16 ECCE distributed test or 8 ECCE localized test.  So the new multiple non-contiguous-block OCNG pattern would be needed. The new OCNG pattern is given in Annex.
3.5 EPDCCH power allocation
In our opinion, because the EPDCCH demodulation is based DMRS and random pre-coding is used, the power allocation could be similar to that specified for TM9 performance requirements, where A, B and ( will be used.
4 Conclusion
In this paper, we discuss the remaining issues for ePDCCH demodulation test, and proposals are summarized as follows:
· Proposal 1: it is suggested to use the random pre-coding and random scheduling scheme for the EPDCCH localized transmission test, and to use the 2×2 antenna configuration.

· Proposal 2: it is suggested to including CSI-RS subframes for EPDCCH scheduling in order to verify the functionality of rate matching around CSI-RS/ZP-CSI-RS. The final decision depends on the performance degradation caused by CSI-RS rate matching compared to excluding CRS-RS subframes. 
· Proposal 3: set part of subframes with CSI-RS as subframes not monitored.

· Proposal 4: specify a TRUE or FALSE test by setting the required BLER to 100%, i.e., if BLER in the subframes not be monitored is 100% then pass the test; otherwise fail the test.
· Proposal 5: it is suggested that both feature 7-0 and feature 7-1 should be considered for EPDCCH localized transmission mode test with TM10 quasi co-location Type-B. Feature 7-0 and 7-1 could be associated with 8ECCE and 2 ECCE test cases respectively.
The detailed parameters including CSI-RS configuration, FRC, OCNG pattern and power allocation are given in Annex.
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6 Annex: EPDCCH performance requirements
------------------------------------Text of demodulation performance for TS36.101 --------------------------------------------------
8.4A
Demodulation of EPDCCH

The receiver characteristics of the EPDCCH are determined by the probability of miss-detection of the Downlink Scheduling Grant (Pm-dsg). 

8.4A.1
FDD 
The parameters specified in Table 8.4A.1-1 are valid for all FDD tests unless otherwise stated.

Table 8.4A.1-1: Common Test Parameters for EPDCCH

	Parameter
	Unit
	Distributed transmission
	Localized transmission

	Number of PDCCH symbols
	symbols
	2
	1

	PHICH duration
	
	Normal
	Normal

	Unused RE-s and PRB-s
	
	OCNG
	OCNG

	Cell ID
	
	0
	0

	Downlink power allocation
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	dB
	-3
	-3

	Precoder update granularity
	Frequency domain
	PRB
	1
	1

	
	Time domain
	ms
	1
	1
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at antenna port
	dBm/15kHz
	-98
	-98

	Cyclic prefix
	
	Normal
	Normal

	Subframe configuration
	
	Non-MBSFN
	Non-MBSFN


8.4A.1.1
Distributed transmission 

For the parameters specified in Table 8.4A.1.1-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4A.1.1-2. The downlink physical setup is accordance with Annex C.3.2.

Table 8.4A.1.1-1: Test Parameters for Distributed Transmission

	Parameter
	Unit
	Test 1
	Test 2

	Number of EPDCCH Sets
	
	2 (Note1)
	2 (Note 1)

	Transmission type of EPDCCH-PRB-set
	EPDCCH-PRB-Set with setConfigId = 0
	
	Distributed
	Distributed

	
	EPDCCH-PRB-Set with setConfigId = 1
	
	Distributed
	Distributed

	Number of PRB pair per EPDCCH-RPB-set and EPDCCH PRB pair allocation
	EPDCCH-PRB-Set with setConfigId = 0
	PRB
	4

(RB3, RB17, RB31, RB45)
	4

(RB3, RB17, RB31, RB45)

	
	EPDCCH-PRB-Set with setConfigId = 1
	PRB
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)

	ID of scheduled EPDCCH Set
	
	setConfigId = 0
	setConfigId = 1

	EPDCCH beamforming model
	
	Annex B.4.4
	Annex B.4.4

	PDSCH transmission mode
	
	3
	3

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	N/A
	N/A

	Subframe Pattern for monitored EPDCCH
	
	N/A
	N/A

	EPDCCH starting position
	
	Note 2
	Note 2

	Note 1: 
Two non-overlapping distributed EPDCCH-PRB-sets are configured.

Note 2:
The higher layer signalling startSymbol for EPDCCH is not present. UE shall derive the starting OFDM symbol of EPDCCH and PDSCH scheduled from PCFICH.


Table 8.4A.1.1-2: Minimum Performance 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
	16 ECCE
	R.52 FDD
	TBD
	 EVA70
	2 x 2 Low
	1
	TBD

	2
	10 MHz
	4 ECCE
	R.53 FDD
	TBD
	EVA5
	2 x 2 Low
	1
	TBD


8.4A.1.2
Localized transmission with TM9

For the parameters specified in Table 8.4A.1.2-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4A.1.2-2 for the subframes to be monitored. For the subframes not to be monitored, the average probability of a missed downlink scheduling grant (Pm-dsg) shall be equal to the specified value in Table 8.4A.1.2-3. The downlink physical setup is accordance with Annex C.3.2.

Table 8.4A.1.2-1: Test Parameters for Localized Transmission

	Parameter
	Unit
	Test 1
	Test 2

	Number of EPDCCH Sets
	
	2 (Note1)
	2 (Note 1)

	Transmission type of EPDCCH-PRB-set
	EPDCCH-PRB-Set with setConfigId = 0
	
	Localized
	Distributed

	
	EPDCCH-PRB-Set with setConfigId = 1
	
	Distributed
	Localized

	Number of PRB pair per EPDCCH-PRB-set and EPDCCH PRB pair allocation
	EPDCCH-PRB-Set with setConfigId = 0
	PRB
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)
	2

(RB0, RB49)

	
	EPDCCH-PRB-Set with setConfigId = 1
	PRB
	2

(RB0, RB49)
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)

	ID of scheduled EPDCCH Set
	
	setConfigId = 0
	setConfigId = 1

	EPDCCH beamforming model
	
	Annex B.4.5
	Annex B.4.5

	PDSCH transmission mode
	
	9
	9

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…, 18
	Antenna ports 15,16

	Non-zero power CSI reference signal configuration
	
	0
	8

	Non-zero power CSI reference signal subframe configuration ICSI-RS
	
	2
	2

	Zero-power CSI-RS Configuration list (ZeroPowerCSI-RS bitmap)
	Bitmap
	0001000000000000
	0010000000000000

	Zero-power CSI-RS subframe configuration ICSI-RS 
	
	3
	3

	Subframe Pattern for monitored EPDCCH
	
	1111111101

1111111101

1111111101

1111111101
	1111111101

1111111101

1111111101

1111111101

	EPDCCH starting position
	
	epdcch-StartSymbol-r11=2 (Note 2)
	epdcch-StartSymbol-r11l=2 (Note 2)

	Note 1: 
One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set are configured, which are overlapped.

Note 2:
The starting OFDM symbol for EPDCCH is determined from the higher layer signalling epdcch-StartSymbol-r11. 
Note 3:
During the test PDSCH is scheduled by EPDCCH.


Table 8.4A.1.2-2: Minimum Performance EPDCCH in Subframes Monitored

	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
	8 ECCE
	R.54 FDD
	TBD
	 EVA70
	2 x 2 Low
	1
	 TBD

	2
	10 MHz
	2 ECCE
	R.55 FDD
	TBD
	EVA5
	2 x 2 Low
	1
	TBD


Table 8.4A.1.2-3: Minimum Performance EPDCCH in Subframes not Monitored

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

	
	
	
	
	
	
	
	Pm-dsg (%)

	1 
	10 MHz
	8 ECCE
	R.54 FDD
	TBD
	EVA5
	2 x 2 Low
	100

	2
	10 MHz
	2 ECCE
	R.55 FDD
	TBD
	EVA5
	2 x 2 Low
	100


8.4A.1.3
Localized transmission with TM10 quasi co-location Type-B

For the parameters specified in Table 8.4A.1.3-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4A.1.3-2 and Table 8.4A.1.3-3. The downlink physical setup is accordance with Annex C.3.2. 

In Test 1, one CSI process is configured for UE. EPDCCH and PDSCH scheduled by EPDCCH are transmitted from Cell 2 and are blanked in Cell 1. In Test 2, two CSI process are configured for UE. EPDCCH and PDSCH scheduled by EPDCCH are alternately transmitted from Cell 1 and Cell 2 according to the given subframe pattern.

Table 8.4A.1.3-1: Test Parameters for Localized Transmission

	Parameter
	Unit
	Test 1
	Test 2

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
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	dB
	TBD
	Reference value in Table 8.4A.1.3-2
	TBD
	Reference value in Table 8.4A.1.3-2

	Bandwidth
	MHz
	10
	10
	10
	10

	Number of EPDCCH Sets
	
	2 (Note 1)
	2 (Note1)

	EPDCCH-PRB-Set ID (setConfigId)
	
	0
	1
	0
	1

	Transmission type of EPDCCH-PRB-set
	
	Localized
	Localized
	Localized
	Localized

	Number of PRB pair per EPDCCH-PRB-set and EPDCCH PRB pair allocation
	PRB
	2

(RB0, RB49)
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)
	4

(RB3, RB17, RB31, RB45)
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)

	EPDCCH beamforming model
	
	Annex B.4.5
	Annex B.4.5
	Annex B.4.5
	Annex B.4.5

	PDSCH transmission mode
	
	10
	10
	10
	10

	EPDCCH/PDSCH transmission scheduling
	
	Blanked in all the subframes
	Transmit in all the subframes
	Transmit in Subframe #7 per frame and blanked in other subframes
	Transmit in subframes except subframe #7 per frame and blanked in other subframes

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15, …,18
	Antenna ports 15,16
	Antenna ports 15, …,18
	Antenna ports 15,16

	Non-zero power CSI reference signal (NZPId=1)
	CSI reference signal configuration
	
	N/A
	0
	N/A
	8

	
	CSI reference signal subframe configuration ICSI-RS
	
	N/A
	2
	N/A
	2

	Non-zero power CSI reference signal (NZPId=2)
	CSI reference signal configuration
	
	N/A
	N/A
	0
	N/A

	
	CSI reference signal subframe configuration ICSI-RS
	
	N/A
	N/A
	2
	N/A

	Zero power CSI reference signal
	CSI-RS Configuration list (ZeroPowerCSI-RS bitmap)
	Bitmap
	0010000000000000
	0010000000000000
	0010000000000000
	0010000000000000

	
	CSI-RS subframe configuration ICSI-RS
	
	3
	3
	3
	3

	Interference measurement CSI-IM (IMId=1)
	Zero-power CSI RS configuration
	
	2
	2
	2
	2

	
	Zero-power CSI RS subframe configuration ICSI-RS
	
	3
	3
	3
	3

	CSI process (ProcessId=1)
	Non-Zero power CSI RS Identity (NZPId)
	
	N/A
	1
	N/A
	1

	
	CSI IM Identity (IMId)
	
	N/A
	1
	N/A
	1

	CSI process (ProcessId=2)
	Non-Zero power CSI RS Identity (NZPId)
	
	N/A
	N/A
	2
	N/A

	
	CSI IM Identity (IMId)
	
	N/A
	N/A
	1
	N/A

	Subframe Pattern for monitored EPDCCH
	
	1111111111

1111111111

1111111111

1111111111
	1111111111

1111111111

1111111111

1111111111

	EPDCCH starting position
	
	pdsch-Start-r11=2 (Note 2)
	pdsch-Start-r11=2 (Note 2)
	pdsch-Start-r11=2 (Note 2)
	pdsch-Start-r11=2 (Note 2)

	Subframe configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Time offset between cells
	(s
	N/A
	2
	N/A
	2

	Frequency shift between cells
	Hz
	N/A
	200
	N/A
	200

	Cell ID
	
	0
	1
	0
	1

	Note 1: 
One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set are configured, which are overlapped.

Note 2:
The starting OFDM symbol for EPDCCH is determined from the higher layer signalling pdsch-Start-r11. 


Table 8.4A.1.3-2: Minimum Performance EPDCCH in Cell 2

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

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	8 ECCE
	R.56 FDD
	TBD
	EVA5
	2 x 2 Low
	1
	 TBD

	2
	2 ECCE
	R.57 FDD
	TBD
	EVA5
	2 x 2 Low
	1
	 TBD


Table 8.4A.1.3-3: Minimum Performance EPDCCH in Cell 1

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

	
	
	
	
	
	
	Pm-dsg (%)

	2
	2 ECCE
	R.57 FDD
	TBD
	EVA5
	2 x 2 Low
	TBD


8.4A.2
TDD 
The parameters specified in Table 8.4A.2-1 are valid for all TDD tests unless otherwise stated.

Table 8.4A.2-1: Common Test Parameters for EPDCCH

	Parameter
	Unit
	Distributed transmission
	Localized transmission

	Uplink downlink configuration (Note 1)
	
	0
	0

	Special subframe configuration (Note 2)
	
	1
	1

	Number of PDCCH symbols
	symbols
	2
	2

	PHICH duration
	
	Normal
	Normal

	Unused RE-s and PRB-s
	
	OCNG
	OCNG

	Cell ID
	
	0
	0

	Downlink power allocation
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	-3
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	Precoder update granularity
	Frequency domain
	PRB
	1
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	Time domain
	ms
	1
	1
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at antenna port
	dBm/15kHz
	-98
	-98

	Cyclic prefix
	
	Normal
	Normal

	ACK/NACK feedback mode
	
	Multiplexing
	Multiplexing

	Subframe configuration
	
	Non-MBSFN
	Non-MBSFN

	Note 1:
as specified in Table 4.2-2 in TS 36.211 [4].

Note 2:
as specified in Table 4.2-1 in TS 36.211 [4].


8.4A.2.1
Distributed transmission 

For the parameters specified in Table 8.4A.2.1-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4A.2.1-2. The downlink physical setup is accordance with Annex C.3.2.

Table 8.4A.2.1-1: Test Parameters for Distributed transmission

	Parameter
	Unit
	Test 1
	Test 2

	Number of EPDCCH Sets
	
	2 (Note1)
	2 (Note 1)

	Transmission type of EPDCCH-PRB-set
	EPDCCH-PRB-Set with setConfigId = 0
	
	Distributed
	Distributed

	
	EPDCCH-PRB-Set with setConfigId = 1
	
	Distributed
	Distributed

	Number of PRB pair per EPDCCH-RPB-set and EPDCCH PRB pair allocation
	EPDCCH-PRB-Set with setConfigId = 0
	PRB
	4

(RB3, RB17, RB31, RB45)
	4

(RB3, RB17, RB31, RB45)

	
	EPDCCH-PRB-Set with setConfigId = 1
	PRB
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)

	ID of scheduled EPDCCH Set
	
	setConfigId = 0
	setConfigId = 1

	EPDCCH beamforming model
	
	Annex B.4.4
	Annex B.4.4

	PDSCH transmission mode
	
	3
	3

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	N/A
	N/A

	Subframe Pattern for monitored EPDCCH
	
	N/A
	N/A

	EPDCCH starting position
	
	Note 2
	Note 2

	Note 1: 
Two non-overlapping distributed EPDCCH-PRB-sets are configured.

Note 2:
The higher layer signalling startSymbol for EPDCCH is not present. UE shall derive the starting OFDM symbol of EPDCCH and PDSCH scheduled from PCFICH. 


Table 8.4A.2.1.-2: Minimum performance 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
	16 ECCE
	R.52 TDD
	TBD
	 EVA70
	2 x 2 Low
	1
	TBD

	2
	10 MHz
	4 ECCE
	R.53 TDD
	TBD
	EVA5
	2 x 2 Low
	1
	TBD


8.4A.2.2
Localized transmission with TM9

For the parameters specified in Table 8.4A.2.2-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4A.2.2-2 for the subframes to be monitored. For the subframes not to be monitored, the average probability of a missed downlink scheduling grant (Pm-dsg) shall be equal to the specified value in Table 8.4A.2.2-3. The downlink physical setup is accordance with Annex C.3.2.

Table 8.4A.2.2-1: Test Parameters for Localized Transmission

	Parameter
	Unit
	Test 1
	Test 2

	Number of EPDCCH Sets
	
	2 (Note1)
	2 (Note 1)

	Transmission type of EPDCCH-PRB-set
	EPDCCH-PRB-Set with setConfigId = 0
	
	Localized
	Distributed

	
	EPDCCH-PRB-Set with setConfigId = 1
	
	Distributed
	Localized

	Number of PRB pair per EPDCCH-RPB-set and EPDCCH PRB pair allocation
	EPDCCH-PRB-Set with setConfigId = 0
	PRB
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)
	2

(RB0, RB49)

	
	EPDCCH-PRB-Set with setConfigId = 1
	PRB
	2

(RB0, RB49)
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)

	ID of scheduled EPDCCH Set
	
	setConfigId = 0
	setConfigId = 1

	EPDCCH beamforming model
	
	Annex B.4.5
	Annex B.4.5

	PDSCH transmission mode
	
	9
	9

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…, 22
	Antenna ports 15, …, 18

	Non-zero power CSI reference signal configuration
	
	0
	8

	Non-zero power CSI reference signal subframe configuration ICSI-RS
	
	5
	5

	Zero-power CSI-RS Configuration list (ZeroPowerCSI-RS bitmap)
	Bitmap
	0001000000000000
	0010000000000000

	Zero-power CSI-RS subframe configuration ICSI-RS 
	
	10
	10

	Subframe Pattern for monitored EPDCCH
	
	1100001000

1100001000

1100001000

1100011000

1100011000

1100011000
1100011000
	1100001000

1100001000

1100001000

1100011000

1100011000

1100011000
1100011000

	EPDCCH starting position
	
	epdcch-StartSymbol-r11=2 (Note 2)
	epdcch-StartSymbol-r11l=2 (Note 2)

	Note 1: 
One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set are configured, which are overlapped.

Note 2:
The starting OFDM symbol for EPDCCH is determined from the higher layer signalling epdcch-StartSymbol-r11.

Note 3:
During the test PDSCH is scheduled by EPDCCH.


Table 8.4A.2.2-2: Minimum Performance EPDCCH in Subframes Monitored

	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
	8 ECCE
	R.54 TDD
	TBD
	 EVA70
	2 x 2 Low
	1
	TBD

	2
	10 MHz
	2 ECCE
	R.55 TDD
	TBD
	EVA5
	2 x 2 Low
	1
	TBD


Table 8.4A.2.2-3: Minimum Performance EPDCCH in Subframes not Monitored

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

	
	
	
	
	
	
	
	Pm-dsg (%)

	1 
	10 MHz
	8 ECCE
	R.54 TDD
	TBD
	EVA5
	2 x 2 Low
	100

	2
	10 MHz
	2 ECCE
	R.55 TDD
	TBD
	EVA5
	2 x 2 Low
	100


8.4A.2.3
Localized transmission with TM10 quasi co-location Type-B

For the parameters specified in Table 8.4A.2.3-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4A.2.3-2 and Table 8.4A.2.3-3. The downlink physical setup is accordance with Annex C.3.2. 

In Test 1, one CSI process is configured for UE. EPDCCH and PDSCH scheduled by EPDCCH are transmitted from Cell 2 and are blanked in Cell 1. In Test 2, two CSI process are configured for UE. EPDCCH and PDSCH scheduled by EPDCCH are alternately transmitted from Cell 1 and Cell 2 according to the given subframe pattern.

Table 8.4A.2.3-1: Test Parameters for Localized Transmission

	Parameter
	Unit
	Test 1
	Test 2

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
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	dB
	TBD
	Reference value in Table 8.4A.1.3-2
	TBD
	Reference value in Table 8.4A.1.3-2

	Bandwidth
	MHz
	10
	10
	10
	10

	Number of EPDCCH Sets
	
	2 (Note 1)
	2 (Note1)

	EPDCCH-PRB-Set ID (setConfigId)
	
	0
	1
	0
	1

	Transmission type of EPDCCH-PRB-set
	
	Localized
	Localized
	Localized
	Localized

	Number of PRB pair per EPDCCH-PRB-set and EPDCCH PRB pair allocation
	PRB
	4

(RB3, RB17, RB31, RB45)
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)
	4

(RB3, RB17, RB31, RB45)
	8

(RB0, RB7, RB14, RB21, RB28, RB35, RB42, RB49)

	EPDCCH beamforming model
	
	Annex B.4.5
	Annex B.4.5
	Annex B.4.5
	Annex B.4.5

	PDSCH transmission mode
	
	10
	10
	10
	10

	EPDCCH/PDSCH transmission scheduling
	
	Blanked in all the subframes
	Transmit in all the subframes
	Transmit in Subframe #7 per frame and blanked in other subframes
	Transmit in subframes except subframe #7 per frame and blanked in other subframes

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15, …,18
	Antenna ports 15,16
	Antenna ports 15, …,18
	Antenna ports 15,16

	Non-zero power CSI reference signal (NZPId=1)
	CSI reference signal configuration
	
	N/A
	0
	N/A
	8

	
	CSI reference signal subframe configuration ICSI-RS
	
	N/A
	5
	N/A
	25

	Non-zero power CSI reference signal (NZPId=2)
	CSI reference signal configuration
	
	N/A
	N/A
	0
	N/A

	
	CSI reference signal subframe configuration ICSI-RS
	
	N/A
	N/A
	15
	N/A

	Zero power CSI reference signal
	CSI-RS Configuration list (ZeroPowerCSI-RS bitmap)
	Bitmap
	N/A
	0010000000000000
	0010000000000000
	0010000000000000

	
	CSI-RS subframe configuration ICSI-RS
	
	N/A
	10
	10
	10

	Interference measurement CSI-IM (IMId=1)
	Zero-power CSI RS configuration
	
	N/A
	2
	2
	2

	
	Zero-power CSI RS subframe configuration ICSI-RS
	
	N/A
	10
	10
	10

	CSI process (ProcessId=1)
	Non-Zero power CSI RS Identity (NZPId)
	
	N/A
	1
	N/A
	1

	
	CSI IM Identity (IMId)
	
	N/A
	1
	N/A
	1

	CSI process (ProcessId=2)
	Non-Zero power CSI RS Identity (NZPId)
	
	N/A
	N/A
	2
	N/A

	
	CSI IM Identity (IMId)
	
	N/A
	N/A
	1
	N/A

	Subframe Pattern for monitored EPDCCH
	
	1100011000

1100011000

1100011000

1100011000

1100011000

1100011000
1100011000
	1100011000

1100011000

1100011000

1100011000

1100011000

1100011000
1100011000

	EPDCCH starting position
	
	pdsch-Start-r11=2 (Note 2)
	pdsch-Start-r11=2 (Note 2)
	pdsch-Start-r11=2 (Note 2)
	pdsch-Start-r11=2 (Note 2)

	Subframe configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Time offset between cells
	(s
	N/A
	2
	N/A
	2

	Frequency shift between cells
	Hz
	N/A
	200
	N/A
	200

	Cell ID
	
	0
	1
	0
	1

	Note 1: 
One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set are configured, which are overlapped.

Note 2:
The starting OFDM symbol for EPDCCH is determined from the higher layer signalling pdsch-Start-r11. 


Table 8.4A.2.3-2: Minimum Performance EPDCCH in Cell 2

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

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	8 ECCE
	R.56 TDD
	TBD
	EVA5
	2 x 2 Low
	1
	 TBD

	2
	2 ECCE
	R.57 TDD
	TBD
	EVA5
	2 x 2 Low
	1
	 TBD


Table 8.4A.2.3-3: Minimum Performance EPDCCH in Cell 1

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

	
	
	
	
	
	
	Pm-dsg (%)

	2
	2 ECCE
	R.57 TDD
	TBD
	EVA5
	2 x 2 Low
	TBD


------------------------------------------------------ Text for TS36.101 --------------------------------------------------
------------------------------------------------- Text of FRC for TS36.101 --------------------------------------------------
A.3.5A
Reference measurement channels for EPDCCH performance requirements

A.3.5A.1


FDD

Table A.3.5A.1-1: Reference Channel FDD

	Parameter
	Unit
	Value

	Reference channel
	
	R.52 FDD
	R.53 FDD
	R.54 FDD
	R.55 FDD
	R.56 FDD
	R.57 FDD

	Number of transmitter antennas
	
	2
	2
	2
	2
	2
	2

	Channel bandwidth
	MHz
	10
	10
	10
	10
	10
	10

	Number of OFDM symbols for PDCCH
	symbols
	2
	2
	1
	1
	1
	1

	Aggregation level
	ECCE
	16 
	4
	8
	2
	8
	4

	DCI Format
	
	Format 2A
	Format 2A
	Format 2C
	Format 2C
	Format 2D
	Format 2D

	Cell ID
	
	0
	0
	0
	0
	1
	0

	Payload (without CRC)
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD


A.3.5A.2


TDD

Table A.3.5A.2-1: Reference Channel TDD

	Parameter
	Unit
	Value

	Reference channel
	
	R.52 TDD
	R.53 TDD
	R.54 TDD
	R.55 TDD
	R.56 TDD
	R.57 TDD

	Number of transmitter antennas
	
	2
	2
	2
	2
	2
	2

	Channel bandwidth
	MHz
	10
	10
	10
	10
	10
	10

	Number of OFDM symbols for PDCCH
	symbols
	2
	2
	1
	1
	1
	1

	Aggregation level
	CCE
	16 
	4
	8
	2
	2
	4

	DCI Format
	
	Format 2A
	Format 2A
	Format 2C
	Format 2C
	Format 2D
	Format 2D

	Cell ID
	
	0
	0
	0
	0
	1
	0

	Payload (without CRC)
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD


----------------------------------------------------- Text for TS36.101 --------------------------------------------------
-------------------------------------------------- Text of OCNG pattern for TS36.101 --------------------------------------------------
A.5.1.7
OCNG FDD pattern 7: dynamic OCNG FDD pattern when user data is in multiple non-contiguous blocks 

This OCNG Pattern fills with OCNG all empty PRB-s (PRB-s with no allocation of data, EPDCCH or system information) of the DL sub-frames, when the unallocated area is discontinuous in frequency domain (divided in multiple parts by the M allocated blocks for data transmission). The m-th allocated block starts with RPB 
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Table A.5.1.7-1: OP.7 FDD: OCNG FDD Pattern when user data is in multiple non-contiguous blocks 
	Relative power level 
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	Note 1

	Note 1:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The parameter
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is used to scale the power of PDSCH.

Note 2:
If two or more transmit antennas with CRS are used in the test, the OCNG shall be transmitted to the virtual users by all the transmit antennas with CRS according to transmission mode 3. The parameter
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 applies to each antenna port separately, so the transmit power is equal between all the transmit antennas with CRS used in the test. The antenna transmission modes are specified in section 7.1 in 3GPP TS 36.213.


A.5.2.7
OCNG TDD pattern 7: dynamic OCNG TDD pattern when user data is in multiple non-contiguous blocks 

This OCNG Pattern fills with OCNG all empty PRB-s (PRB-s with no allocation of data, EPDCCH or system information) of the DL sub-frames, when the unallocated area is discontinuous in frequency domain (divided in multiple parts by the M allocated blocks for data transmission). The m-th allocated block starts with RPB 
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Table A.5.2.6-1: OP.6 TDD: OCNG TDD Pattern when user data is in 2 non-contiguous blocks
	Relative power level 
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	PDSCH Data

	Subframe (only if available for DL)
	

	0
	5
	3, 4, 6, 7, 8, 9 
 (6 as normal subframe) Note 2
	1,6 
(6 as special subframe) Note 2
	

	Allocation
	

	0 – (PRB
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	Note 1

	Note 1:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated. The parameter
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is used to scale the power of PDSCH.

Note 2:
Subframes available for DL transmission depends on the Uplink-Downlink configuration in Table 4.2-2 in 3GPP TS 36.211

Note 3:
If two or more transmit antennas with CRS are used in the test, the OCNG shall be transmitted to the virtual users by all the transmit antennas with CRS according to transmission mode 3. The parameter
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 applies to each antenna port separately, so the transmit power is equal between all the transmit antennas with CRS used in the test. The antenna transmission modes are specified in section 7.1 in 3GPP TS 36.213.


----------------------------------------------------- Text for TS36.101 --------------------------------------------------
--------------------------------------------------- Text of beamforming model for TS36.101 --------------------------------------------------
B.4.5
Random beamforming for EPDCCH localized transmission (Antenna port 107, 108, 109 or 110)
EPDCCH localized transmission on antenna port 107, 108, 109 or 110 is defined by using a precoder vector 
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 from Table 6.3.4.2.3-1 in [4] as beamforming weights. This precoder takes as an input the signal
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 the number of modulation symbols including the user-specific reference symbols (DMRS), and generates a block of signals 
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----------------------------------------------------- Text for TS36.101 --------------------------------------------------
--------------------------------------------------- Text of power allocation for TS36.101 --------------------------------------------------
C.3.2
Measurement of Performance requirements

Table C.3.2-1 is applicable for measurements in which uniform RS-to-EPRE boosting for all downlink physical channels.

Table C.3.2-1: Downlink Physical Channels transmitted during a connection (FDD and TDD)
	Physical Channel
	EPRE Ratio

	PBCH
	PBCH_RA = A+ (

	
	PBCH_RB = B+ (

	PSS
	PSS_RA = 0 (Note 3)

	SSS
	SSS_RA = 0 (Note 3)

	PCFICH
	PCFICH_RB = B+ (

	PDCCH
	PDCCH_RA = A+ (

	
	PDCCH_RB = B+ (

	EPDCCH
	EPDCCH_RA = A

	
	EPDCCH_RB = B

	PDSCH
	PDSCH_RA = A

	
	PDSCH_RB = B

	PMCH
	PMCH_RA = A

	
	PMCH_RB = B

	MBSFN RS
	MBSFN RS_RA = A

	
	MBSFN RS_RB = B

	OCNG
	OCNG_RA = A+ (


	
	OCNG_RB = B+ (


NOTE 1:
A= B = 0 dB means no RS boosting.

NOTE 2:
MBSFN RS and OCNG are not defined downlink physical channels in [4]. 


NOTE 3: Assuming PSS and SSS transmitted on a single antenna port.

NOTE 4: A, B and ( are test specific.

NOTE 5: For TM 8,TM 9 and TM10  A, B are used for the purpose of the test set up only.

Table C.3.2-2: Power allocation for OFDM symbols and reference signals
	Parameter
	Unit
	Value
	Note

	Total transmitted power spectral density 
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	dBm/15 kHz
	Test specific
	1. 
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shall be kept constant throughout all OFDM symbols



	Cell-specific reference signal power ratio
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	Test specific
	1. Applies for antenna port p


	Energy per resource element EPRE
	
	Test specific
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defined in [4] shall conform to the given EPRE value.

2. For TM8,TM9 and TM10 the reference point for EPRE is before the precoder in Annex B.4.
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