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1. Introduction
The RAN4 work on the EPDCCH WI [1] was started in RAN4 #64bis meeting. In RAN4 #65 and #66 meetings it was agreed that EPDCCH has no impact on Core RRM requirements, RF requirements, BS demodulation requirements and on UE demodulation requirements in terms of existing PHICH, PCFICH, and PBCH demodulation, as well as CSI tests and measurements accuracy [2], [3]. It was also agreed that further RAN4 work should focus on the EPDCCH and PDSCH UE demodulation tests. Some agreements on the respective test scenarios were reached during RAN4 #66 and RAN#66bis and are summarized in [3] and [4], respectively.

From the methodology perspective EPDCCH related UE demodulation tests may be split into EPDCCH and PDSCH tests. The PDSCH demodulation tests are aimed to verify EPDCCH impact on the PDSCH demodulation performance and the discussion on the respective test scenarios is provided in the companion contribution [5]. The EPDCCH demodulation tests aim to verify performance and functional aspects of EPDCCH physical channel receive processing and are further discussed in this paper.

2. Discussion on EPDCCH demodulation tests
2.1 Test purposes

The following general EPDCCH operation aspects should be verified in the EDPCCH demodulation tests:

· Operation in localized and distributed EPDCCH transmission modes;

· EPDCCH resource allocation:

· Support of 1 and 2 EPDCCH sets;

· Support of different number of configured PRB pairs per EPDCCH set (2/4/8 PRB pairs);

· Support of flexible EPDCCH set PRB configuration (i.e. overlapping EPDCCH sets);

· EPDCCH resource mapping:

· RE/EREG/ECCE mapping;

· Rate matching over CRS, ZP and NZP CSI-RS;

· Configuration of EPDCCH start OFDM symbol (RRC-based or derived from CFI);

· EPDCCH antenna port mapping procedure;

· EPDCCH UE-specific search space monitoring (including blind decoding procedure);

· EPDCCH DMRS-based channel estimation for different types of DMRS patterns;

· PUCCH A/N resource allocation:

· Higher layer PUCCH format 1a/1b resource starting offset configuration;
· Dynamic ACK/NACK resource offset configuration via DCI;
· EPDCCH/PDCCH USS monitoring subframe pattern;
· EPDCCH QCL functionality for TM10 configured UEs.

2.2 Test scenarios

In the previous RAN4 WG meetings two general types of EPDCCH demodulation test scenarios were discussed:

· Localized EPDCCH test for verification of EPDCCH demodulation functionality in localized mode;

· Distributed EPDCCH test for verification of EPDCCH demodulation functionality in distributed mode.

As indicated in [3] the EPDCCH demodulation tests should aim to provide verification of the EPDCCH QCL Behaviour B functionality for UEs configured with TM10. One of the potential ways to enable QCL testing which was discussed in the previous meetings is to include this functionality into the baseline Localized EPDCCH test scenario. However, for Rel-11 the TM10 QCL feature (DL CoMP) may be optional. So, if such tests are adopted, then there may be situations that UEs not supporting the DL CoMP functionality would skip testing Localized EPDCCH functionality and this is not desirable. So, to resolve this issue two separate Localized EPDCCH tests may be defined: one based on legacy TM9 (Localized EPDCCH test) and another for TM10 QCL functionality (Localized EPDCCH + TM10 QCL test). The test parameters for these tests may be chosen to be very similar. Furthermore, to avoid duplication of tests passed by the UEs supporting TM10 QCL functionality, these UEs may be obliged to pass the second test only. 

In summary, the following EPDCCH demodulation tests scenarios listed in Table 1 are suggested for further consideration.

Table 1. EPDCCH Test scenario coverage

	Test
	Test purpose
	UE applicability

	Distributed EPDCCH
	Verification of EPDCCH demodulation in Distributed mode
	All UEs with EPDCCH functionality

	Localized EPDCCH 
	Verification of EPDCCH demodulation in Localized EPDCCH mode
	All UEs with EPDCCH functionality and without DL CoMP functionality

	Localized EPDCCH  + TM10 QCL
	Verification of EPDCCH demodulation in Localized EPDCCH mode with QCL transmission
	All UEs with EPDCCH and DL CoMP functionality


Proposal 1:
Introduce the following EPDCCH demodulation tests scenarios:

· Distributed EPDCCH;
· Localized EPDCCH (for UEs without DL CoMP functionality);
· Localized EPDCCH + TM10 QCL (for UEs with DL CoMP functionality).
2.3 Remaining issues for EPDCCH demodulation tests

Precoding model for localized EPDCCH

Localized EPDCCH is expected to be used when accurate CSI is available. The eNodeB may apply UE specific precoding and frequency selective scheduling to enhance performance of the EPDCCH transmissions. However, the beamforming applied at the transmitter part is transparent in terms of UE EPDCCH receive processing. Furthermore, the CSI reporting is not impacted by EPDCCH and legacy CSI reports are used for EPDCCH transmissions optimization. So, using closed-loop beamforming may add unnecessary complexity in the test setup and it may become more difficult to get aligned performance results. Given these observations the random beamforming model is proposed. 
Proposal 2:
Adopt random beamforming model for localized EPDCCH tests.  

EPDCCH subframe monitoring pattern

EPDCCH subframe monitoring pattern is used to configure subframes for EPDCCH USS monitoring. In the remaining subframes UE should perform monitoring of the PDCCH USS. This pattern is higher layer configured on a per-UE basis. If the considered pattern is not configured, then by default UE should monitor the EPDCCH USS in all subframes except for pre-defined rules in TS 36.213. The correct UE implementation with respect to EPDCCH subframe monitoring pattern behaviour should be tested. The goal of the considered test is to verify that UE follows the EPDCCH subframe pattern and monitors EPDCCH USS in one set of subframes and PDCCH USS in the remaining subframes.

The EPDCCH subframe pattern functionality may be tested along with the baseline EPDCCH demodulation functionality. To enable such tests a part of subframes should be configured to have EPDCCH and the remaining subframes should have PDCCH. With respect to the target performance metric two alternatives may be considered:
· Option a: Joint PDCCH and EPDCCH DL grant miss detection rate is measured. Half of subframes have EPDCCH and half of subframes have PDCCH. For PDCCH high aggregation level is chosen so that the miss detection rate of PDCCH will be negligible at the target SNR point. Then the overall miss-detection requirement should be set to be 0.5%, which is equivalent to 1% miss-detection of EPDCCH only.

· Option b: The PDCCH and EPDCCH DL grant miss detection rates are separately measured. Then the EPDCCH miss-detection requirement may be set 1%.
The Option b is more preferable. However, in this case the test procedure becomes more complicated than for Option a. So, the respective feedback from the test equipment vendors can be helpful for RAN4 WG discussion. 
Proposal 3:
Include EPDCCH subframe monitoring pattern functionality testing into the EPDCCH demodulation tests. Discuss the exact methodology to perform DCI measurements and to set the respective performance requirements.  
EPDCCH start OFDM symbol

For the UEs configured with PDSCH TM1-9 the EPDCCH start OFDM symbol may be either configured using explicit RRC signaling (epdcch-StartSymbol-r11) or derived from the PCFICH. For the TM10 UEs the behavior to determine the EPDCCH start OFDM symbol depends on the associated PQI state and is signaled via pdsch-Start-r11 parameter for each EPDCCH set. Multiple variants of EPDCCH start OFDM symbol configuration should be considered in the demodulation tests and test setup in Table 2 may be suggested:

Table 2. EPDCCH start OFDM symbol configuration

	Test
	EPDCCH start OFDM symbol configuration

	Distributed EPDCCH
	Derived from CFI

	Localized EPDCCH 
	RRC configured using the epdcch-StartSymbol-r11

	Localized EPDCCH  + TM10 QCL
	RRC configured using the pdsch-Start-r11 (not derived from CFI)


For scenarios when EPDCCH starting OFDM symbol is derived from the higher-layer signaling non-aligned CFI and EPDCCH start symbols should be considered (i.e. EPDCCH start symbol is larger than the CFI value).
Proposal 4:
Test different mechanism for EPDCCH start OFDM symbol configuration for UEs configured with PDSCH TM1-9 (derived from CFI, RRC configured using epdcch-StartSymbol-r11) and TM10 (RRC configured using the pdsch-Start-r11). 

EPDCCH resource scheduling

The EPDCCH design allows using frequency-selective scheduling at the eNodeB side. However this functionality relies more to the part of CSI reporting tests which do not have strong relation to the EPDCCH demodulation aspects. So non-frequency-selective random EPDCCH scheduling is recommended to be used. 
The considered test scenarios assume using multiple EPDCCH sets. For the Distributed EPDCCH test there are two distributed EPDCCH sets of different sizes. In this case it may be difficult to achieve same degree of frequency diversity for EPDCCH transmissions in different sets. So scheduling EPDCCH transmissions from a single set is recommended. For the localized EPDCCH test using both localized and distributed EPDCCH sets was agreed and scheduling of transmissions in the localized set only should be applied.
Proposal 5:
Use random scheduling of EPDCCH transmissions in one EPDCCH set.  

EPDCCH PRB pairs allocation

For the distributed EPDCCH test the PRB pairs for the EPDCCH sets should be set uniformly distributed across the bandwidth to maximize the frequency diversity. For the localized EPDCCH set the exact location of the EPDCCH PRB pairs does not have much impact as long as small aggregation levels and random scheduling are used.
Proposal 6:
Configure EPDCCH PRB pairs uniformly distributed across the BW for Distributed EPDCCH test.  

Special subframe configuration

The choice of the special subframe configuration for TDD tests has impact on the following EPDCCH aspects:
· EPDCCH DM-RS patterns. Different patterns are used for SS configurations 1, 2, 6, 7 and 3, 4, 8, 9.
· Number of EREGs per ECCE. For SS configurations 3, 4, 8 four EREGs per ECCE are used. For configurations 1, 2, 6, 7, 9 eight EREGs per ECCE are used.

· AP mapping for localized EPDCCH. APs 107-110 are used for SS configurations 3, 4, 8 and APs 107-108 are used for configurations 1, 2, 6, 7, 9. 
To have good tests coverage it is proposed to include different SS configurations in the tests.
Proposal 7:
Use TDD SS configurations 2 and 4 in different EPDCCH demodulation tests.  

3. Parameters for EPDCCH demodulation test scenarios

The initial agreements on the EPDCCH demodulation test scenarios were reached during RAN4 #66 and RAN#66bis and are summarized in [3] and [4], respectively. In Table 3 below we provide the detailed set of the proposed test parameters taking into account the existing RAN4 WG agreements.
Table 3. EPDCCH demodulation test parameters

	Parameter
	Distributed
	Localized 
(TM9)
	Localized 
(TM10 + QCL)

	Performance metrics
	DL scheduling grant miss detection probability

	Performance requirement
	SNR required to achieve 1% DL scheduling grant miss detection probability

	Bandwidth
	10 MHz

	CP
	Normal

	Duplexing
	FDD, TDD

	TDD parameters
	UL-DL configuration
	0

	
	ACK/NACK feedback mode
	Multiplexing

	
	Special subframe configuration
	2
	4
	4

	Channel estimation
	Practical channel and noise estimation

	TX EVM
	6%

	Unused REs and PRBs
	OCNG

	Power allocation
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	Antenna configuration
	2x2, low correlation

	Channel model
	ETU70 or EVA70
	EPA5 or EVA5
	EPA5 or EVA5

	PDSCH transmission mode
	TM 3
	TM 9
	TM 10

	Number of cells
	1
	1
	2

	Number of PDCCH OFDM symbols
	2
	2
	2

	Cell ID
	0
	0
	TBD

	Reference signals

	CRS ports
	0,1
	0,1
	0,1

	
	CSI-RS Antenna ports
	-
	15, 16
	One CSI-RS process for each TP

	
	CSI-RS Periodicity and subframe offset  TCSI-RS / ∆CSI-RS
	-
	FDD: 5 / 2

TDD: 5 / 0
	

	
	CSI-RS configuration
	-
	0
	

	
	ZP CSI-RS Configuration ICSI-RS
	-
	FDD: 3

TDD: TBD
	TBD

	
	ZP CSI-RS Bitmap
	-
	0010000000000000
	

	QCL parameters: time offset, frequency shift
	-
	-
	Behaviour B
Parameters TBD

	Number of EPDCCH sets
	2 
	2 

	EPDCCH transmission mode
	EPDCCH set 0: Distributed

EPDCCH set 1: Distributed
	EPDCCH set 0: Localized

EPDCCH set 1: Distributed

	Number and configuration of EPDCCH PRB pairs
	8 and 4 PRB pairs in EPDCCH sets 0 and 1

PRB pairs of EPDCCH sets partially overlap

EPDCCH Set 0 PRB pairs: 0 7 14 21 28 35 42 49

EPDCCH Set 1 PRB pairs: 0 16 33 49
	8 and 2 PRB pairs in EPDCCH sets 0 and 1

PRB pairs of EPDCCH sets do not overlap

EPDCCH set 0 PRB pairs: 0 1 2 3 4 5 6 7

EPDCCH set 1 PRB pairs: 8 9

	EPDCCH DMRS scrambling sequence initialization value (
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	EPDCCH set 0: 1

EPDCCH set 1: 2
	EPDCCH set 0: 1

EPDCCH set 1: 2

	EPDCCH subframe pattern
	Not configured (i.e. default behavior)
	Yes, Details FFS

	EPDCCH start OFDM symbol
	Derived from CFI (i.e. default behavior).
	Start OFDM symbol is signaled via higher layers (defined by epdcch-StartSymbol-r11). Start symbol is #3.
	Start OFDM symbol is signaled via higher layers (defined by pdsch-Start-r11). Start symbol is #3.

	EPDCCH format
	{0,1,2,3,4} 
(ALs 2, 4, 8, 16, 32)
	{0,1,2,3} 
(ALs 2, 4, 8, 16)

	Number of EREGs per ECCE
	4 (FDD, TDD) 
8 for TDD special subframe
	4

	PUCCH format 1a/1b resource allocation
	PUCCH format 1a/1b resource starting offset 
	Different values for different EPDCCH sets

	
	ACK/NACK resource offset (ARO) field in DCI
	Dynamically assigned from subframe to subframe

	EPDCCH beamforming model
	Random pair of non-identical precoding vectors from the rank 1 LTE codebook is assigned per PRB pair
	Random beamforming model similar to DM-RS based PDSCH demodulation tests



	Precoder update granularity
	Frequency domain: 1 EPDCCH PRB pair
Time domain: 1 ms

	EPDCCH scheduling assumptions
	EPDCCH set index is 0
EPDCCH candidate index is randomly assigned in each subframe

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


The main common aspects for all considered EPDCCH test scenarios are as follows:

· DL scheduling grant miss detection probability (Pm-dsg) is used as the performance metrics. The performance requirements are defined in the form of SNR required to achieve Pm-dsg = 1%. Same as for PDCCH/PCFICH tests the Pm-dsg is the measured via counting the number of NACKs, ACKs and statDTXs on the UL PUCCH and defined as the ratio (statDTX)/(NACK+ACK+statDTX).
· Focus is on 10MHz system bandwidth and normal CP. There is no need to consider other BWs since there is no impact on the UE EPDCCH demodulation algorithms.
· Tests scenarios are defined for both FDD and TDD duplexing modes.
· For TDD test scenarios UL-DL configuration 0 is used.
· A single 2x2 antenna configuration with low MIMO channel correlation is considered for all tests since the UE EPDCCH demodulation algorithms do not depend on the number of transmit antennas.
· OCNG modeling for the unused REs and PRBs is applied.
· Uniform power allocation. New parameters EPDCCH_RA and EPDCCH_RB should be defined to setup the EPDCCH power allocation.
· ACK/NACK resource offset field in DCI is changed dynamically from subframe to subframe. 
· EPDCCH sets are configured with different PUCCH format 1a/1b resource offsets.
The main important aspects of Distributed EPDCCH test scenario are:

· For TDD mode, special subframe configuration 2 is used to check mapping of 8 EREGs per ECCE and to verify channel estimation for the corresponding EPDCCH DM-RS pattern.

· ETU70 or EVA70 channel model are considered since distributed EPDCCH is likely to be applied in scenarios when accurate CSI is not available (e.g. high Doppler spread scenarios).
· PDSCH transmission mode 3 is used.

· Two partially overlapped EPDCCH sets with 8 and 4 PRB pairs are defined. The resource allocation should aim to maximize the frequency diversity. An example of potential resource allocation is provided.
· EPDCCH USS monitoring is in accordance to the default behavior (i.e. monitored in all subframes).
· The PCFICH has very robust demodulation performance and its impact on EPDCCH may be observed for low geometry UEs which are likely to be configured to use distributed EPDCCH. So for the test scenario EPDCCH start symbol is configured to be derived from CFI, EPDCCH and PCFICH are tested jointly and CFI error causes EPDCCH miss detection.
· All possible EPDCCH formats are considered at the first step. Further down selection with the focus on large aggregation levels should be performed.
· Random beamforming is used. From the UE demodulation test perspective it is important to use different precoders for different APs in order to check that UE makes correct assumptions on the distributed AP mapping. So it is proposed to use random pair of non-identical precoding vectors from the rank 1 LTE codebook. The first vector is used for AP 107 and the second one is used for AP 109 transmissions. The considered precoder change granularity is 1 subframe in time and one EPDCCH PRB pair in frequency.
· All EPDCCH transmissions are scheduled in a single EPDCCH set to have aligned frequency diversity of different EPDCCH transmissions. EPDCCH candidate index is randomly assigned in each subframe to verify correct work of search space concept at the UE side.
· DCI Format 2A is used.

The main important aspects of baseline Localized EPDCCH test scenario are:

· For TDD mode, special subframe configuration 4 is used to verify channel estimation for the corresponding EPDCCH DM-RS pattern.

· EPA5 and EVA5 channel models are considered since localized EPDCCH is likely to be applied in scenarios when accurate CSI is available (e.g. low Doppler spread scenarios).

· ZP and NZP CSI-RS are configured to verify EPDCCH rate matching functionality.

· Non-overlapping localized and distributed EPDCCH sets with 8 and 2 PRB pairs are configured. An example of potential resource allocation is provided.

· EPDCCH subframe monitoring pattern is configured. The EPDCCH is used for DCI transmission in a part of subframe. The PDCCH is used in the remaining subframes.
· EPDCCH start OFDM symbol is signaled via RRC. The higher layer parameter epdcch-StartSymbol-r11 is equal 3, the CFI is equal 2.

· All possible EPDCCH formats are considered at the first step. Further down selection with the focus on small aggregation levels should be performed.

· Random beamforming model is used. The considered precoder granularity is 1 subframe in time and one EPDCCH PRB pair in frequency.

· EPDCCH is transmitted in the localized EPDCCH set only. EPDCCH candidate index is randomly assigned in each subframe to verify correct work of search space concept at the UE side and to check different antenna port mapping alternatives.
· DCI Format 2C is used.
The TM10 QCL localized EPDCCH test scenario is based on the TM9 scenario. The key differences are:

· The test is aimed to check localized EPDCCH demodulation under QCL behavior type B assumption. 
· The test setup includes two cells: TP1 is the serving cell and the TP2 is the cell with EPDCCH transmission.
· The UE is configured with TM10 with multiple PQI states.

· Other parameters are for further discussion.
4. Conclusions
In this contribution we have provided our views on different EPDCCH related aspects that may be verified using EPDCCH demodulation tests and proposed the respective test scenarios. In summary we make the following proposals:

Proposal 1:
Introduce the following EPDCCH demodulation tests scenarios:

· Distributed EPDCCH;

· Localized EPDCCH (for UEs without DL CoMP functionality only);

· Localized EPDCCH + TM10 QCL (for UEs with DL CoMP functionality only).

Proposal 2:
Adopt random beamforming model for localized EPDCCH tests.  

Proposal 3:
Include EPDCCH subframe monitoring pattern functionality testing into the EPDCCH demodulation tests. Discuss the exact methodology to perform DCI measurements and to set the respective performance requirements.  

Proposal 4:
Test different mechanism for EPDCCH start OFDM symbol configuration for UEs configured with PDSCH TM1-9 (derived from CFI, RRC configured using epdcch-StartSymbol-r11) and TM10 (RRC configured using the pdsch-Start-r11). 

Proposal 5:
Use random scheduling of EPDCCH transmissions in one EPDCCH set.  

Proposal 6:
Configure EPDCCH PRB pairs uniformly distributed across the BW for Distributed EPDCCH test.  

Proposal 7:
Use TDD SS configurations 2 and 4 in different EPDCCH demodulation tests.  

Proposal 8:
Adopt the proposed detailed test parameters for EPDCCH demodulation test scenarios.  
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