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1. Introduction
In the previous RAN4 #67 meeting the RAN4 WG continued the discussion on the EPDCCH demodulation performance aspects and a number of agreements on the tests scenarios and respective parameters were reached [1-2]. In particular, it was agreed that the following EPDCCH demodulation tests should be supported [2]:
· Test 1: Distributed Test with Random beam forming;

· Test 2: Localized Test and non-QCL;

· Test 3: Localized Test with QCL Type B configuration and TM10.
The majority of the Distributed EPDCCH demodulation tests parameters were agreed; however, some of the details were not finalized and left for further study. Furthermore, the Localized EPDCCH tests were almost not addressed. In this paper we share our views on the remaining details of the EPDCCH demodulation test scenarios. In Section 2, the Distributed EPDCCH test is addressed and in Section 3 we provide discussion on the Localized EPDCCH test setup.

2. Distributed EPDCCH Demodulation Test
2.1 Discussion on the remaining details

The main parameters for the Distributed EPDCCH test were agreed in RAN4 #67 and are summarized in [2]. At the same time, there are still several remaining aspects which need to be further clarified.
Applicability of eICIC/FeICIC scenario
Previously, using eICIC/FeICIC environment for the Distributed EPDCCH test scenario was proposed [3] in order to ensure that the UE reaches good EPDCCH performance in eICIC/FeICIC scenarios. In our view, the main purpose of the considered distributed and localized EPDCCH demodulation tests is to verify correct demodulation of the EPDCCH physical channel (e.g. EPDCCH transmission modes, resource allocation, resource mapping, etc.). The majority of these aspects can be tested in the AWGN environment (except the QCL Type B behaviour). At the same time, introducing the eICIC/FeICIC environment for the distributed EPDCCH test may require revisiting a large number of the already agreed test parameters. So, we propose to define the baseline distributed EPDCCH tests in the AWGN environment. At the same time, further discussion may continue on whether additional EPDCCH tests in the eICIC/FeICIC environment are needed.
Proposal 1:
Prioritize Distributed EPDCCH tests in the AWGN environment. Further discuss the necessity of introducing additional distributed EPDCCH test in the eICIC/FeICIC environment.
EPDCCH sets PRB pairs configurations
To maximize frequency diversity of the EPDCCH transmission it was agreed to use uniform EPDCCH PRB pair distribution across the bandwidth. However, the exact EPDCCH PRB pairs were not specified. In order to define the exact PRB pair configuration it is important to take into account potential EPDCCH design restrictions. For instance, UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH, PSS or SSS. At the same time, due to frequency distributed resource mapping the EPDCCH transmission will span all PRB pairs in an EPDCCH set (e.g. EPDCCH transmission with ECCE AL 16 will occupy resources in all possible 8 PRB pairs in a set). So, if EPDCCH PRB pairs overlap with the PBCH, PSS or SSS then in certain subframes there will be no eligible EPDCCH transmission candidates at all. So, for distributed EPDCCH test we propose to choose PRB pairs in a way not to overlap with PBCH/PSS/SSS PRB pairs.
The exact location of EPDCCH PRB pairs should be further discussed. To provide good frequency diversity we propose to use PRB pairs # 3, 17, 31, 45 for the first EPDCCH set (4 PRB pairs) and PRB pairs # 0, 7, 14, 21, 28, 35, 42, 49 for the second EPDCCH set (8 PRB pairs).
Proposal 2:
For the Distributed EPDCCH tests EPDCCH PRB pairs are configured in a way not to overlap with the PBCH/PSS/SSS PRB pairs.

EPDCCH starting symbol

In accordance to current agreements there are two options for EPDCCH start OFDM symbol configuration for the Distributed EPDCCH test: 1) based on PCFICH decoding and 2) based on explicit RRC signalling. The main motivation to use explicit RRC signalling mechanism for the distributed EPDCCH tests is that PCFICH may be unreliable in FeICIC scenario for non-ABS subframes [3]. As mentioned previously, we consider that the Distributed EPDCCH demodulation test should be defined in the AWGN environment. So, using PCFICH decoding based EPDCCH starting symbol mechanism is proposed.
Proposal 3:
For the Distributed EPDCCH tests EPDCCH starting symbol is decided by PCFICH.
EPDCCH aggregation levels
It was agreed that the EPDCCH aggregation levels for the distributed test should include AL 16 and one of ALs 4 or 8 and further downselection between the latter ones should be done [2]. The distributed EPDCCH mode is likely to be applied for UEs with low geometry, so from this perspective the AL 8 is a more preferable scenario.
Proposal 4:
For the Distributed EPDCCH tests ECCE aggregation levels 8 and 16 are used.
2.2 Test parameters
The proposed set of distributed EPDCCH demodulation test parameters is summarized in Table 1. The parameters are based on the agreed scenarios [2] and include a number of modifications and clarifications as described in Section 2.1. The respective changes are highlighted in grey.

Table 1: Test parameters for EPDCCH distributed test
	Parameter
	Distributed test

	Performance metrics
	DL scheduling grant miss detection probability

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

	Bandwidth
	10 MHz

	Cyclic Prefix
	Normal

	Duplexing 
	FDD, TDD

	TDD parameters
	UL/DL configuration
	0

	
	Special SF configuration
	1

	
	ACK/NACK feedback mode
	Multiplexing

	Tx EVM
	6% 

	Noc
	-98 dBm/15khz

	Unused REs and PRBs
	OCNG for all unoccupied REs including unused EPDCCH REs

	Power allocation
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	Antenna configuration
	2x2 Low

	Propagation conditions
	· EVA70: the test with aggregation level 16

· EVA5: the test with aggregation level 8

	Cell ID
	0

	PDSCH transmission mode
	TM3

	DCI format
	DCI format 2A

	CRS configuration
	Port 0, 1

	CSI-RS configuration
	N/A

	EPDCCH Starting Symbol
	Starting symbol is decided by decoding PCFICH (CFI = 2) and EPDCCH starts from symbol 2

	ECCE Aggregation Level
	· 16 ECCE

· 8 ECCEs

	Number of EREGs per ECCE
	· FDD: 4

· TDD: 4 for normal subframe and 8 for special subframe

	Number of EPDCCH Sets
	2 non-overlapping distributed sets

	Number of PRB pair per EPDCCH
	· 4 PRB pairs for the first set (EPDCCH Set #0)
· 8 PRB pairs for the second set (EPDCCH Set #1)

	EPDCCH PRB pair allocation
	Uniformly distributed across the bandwidth

EPDCCH Set #0: PRB pairs # 3, 17, 31, 45
EPDCCH Set #1: PRB pairs # 0, 7, 14, 21, 28, 35, 42, 49

	EPDCCH scheduling
	Randomly select the candidate within a fixed EPDCCH in each subframe:
· EPDCCH Set #0 for EPDCCH test with aggregation level 8

· EPDCCH Set #1 for EPDCCH test with aggregation level 16

	EPDCCH pre-coding
	Random pre-coding:

· Random pair of non-identical precoding vectors from the rank 1 codebook is assigned per EPDCCH PRB pair for port 107 and port 109

	EPDCCH precoder update granularity
	1 PRB and 1ms

	EPDCCH monitoring SF configuration
	Not configured (i.e. default behaviour)


Proposal 5:
Consider to adopt modifications to the Distributed EPDCCH test provided in Table 1.

3. Localized EPDCCH Demodulation Tests
3.1 Discussion on the remaining details
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 actual CSI reporting is not impacted by EPDCCH and legacy CSI reports are used for EPDCCH transmissions optimization. So, from the test perspective the advantages of using closed-loop beamforming are not well clear. At the same time using this approach may add unnecessary complexity in the test setup (e.g. testing over multiple antenna configurations) and will complicate performance results alignment. So, more simplified the random beamforming model is proposed to be adopted.

Proposal 6:
Random beamforming model is used for the Localized EPDCCH tests.

EPDCCH aggregation levels

The localized EPDCCH mode is likely to be applied for UEs with medium to high geometry, so typically lower ECCE ALs will be used. From this perspective the ECCE ALs 2 and 4 are proposed to be used for the Localized EPDCCH tests.

Proposal 7:
For the Localized EPDCCH tests ECCE aggregation levels 2 and 4 are used.

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.

In the previous meeting it was agreed that default behaviour should be applied for the Distributed EPDCCH test and that either one or both Localized EPDCCH tests should take this into account. Additionally, in accordance to the common understanding either one of TM9 or TM10 based Localized EPDCCH tests would be used for UE testing depending on the UEs capabilities. So, in order to have good test coverage we suggest testing EPDCCH subframe pattern functionality in both Localized EPDCCH scenarios.
To enable EPDCCH subframe monitoring testing, a part of subframes should be configured to have EPDCCH and the remaining subframes should have PDCCH (e.g. 1 subframe per frame with PDCCH and the remaining subframes for EPDCCH monitoring). The PDCCH and EPDCCH DL grant miss detection rates should be separately measured and separate additional requirements should be specified for the PDCCH based DCI miss detection. One of possible approaches to organize this is to apply low AL for PDCCH transmission. Assuming that low ECCE ALs will be applied for the Localized EPDCCH tests which have operation point at rather high SNRs, the PDCCH based DCI miss detection will be ~0%. In this case the respective PDCCH miss detection requirement may be chosen to be slightly above this level.
Proposal 8:
Include EPDCCH subframe monitoring pattern functionality testing into the Localized EPDCCH demodulation tests.

EPDCCH start OFDM symbol

For the UEs configured with PDSCH TM1-9 the EPDCCH start OFDM symbol may be either configured using explicit RRC signalling (epdcch-StartSymbol-r11) or derived from the PCFICH. For the TM10 UEs, the behaviour on how to determine the EPDCCH start OFDM symbol depends on the associated PQI state and is signalled via pdsch-Start-r11 parameter for each EPDCCH set. Assuming that PCFICH based mechanism is adopted for the distributed EPDCCH test, for Localized tests RRC signalling mechanisms should be adopted:
· TM9+non-QCL scenario: EPDCCH start OFDM symbol is RRC configured using the epdcch-StartSymbol-r11;

· TM10 + QCL scenario: EPDCCH start OFDM symbol is RRC configured using the pdsch-Start-r11 (not derived from CFI).

To check that UE does not try to perform PCFICH decoding to derive EPDCCH start OFDM symbol, non-aligned CFI and EPDCCH start symbols should be considered (i.e. EPDCCH start symbol is larger than the CFI value). Additionally, further discussion is needed on whether to consider scenarios of PDCCH/EPDCCH regions overlap.
Proposal 9:
Use RRC signalling for EPDCCH start OFDM symbols for TM9 Localized EPDCCH test (using epdcch-StartSymbol-r11) and TM10 QCL Localized EPDCCH test (using 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. Furthermore, in case of using frequency-selective scheduling, the reference scheduling algorithm needs to be agreed in order to achieve simulation results alignment. So, non-frequency-selective random EPDCCH scheduling is recommended to be used.
Additionally, 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. Meantime, the distributed EPDCCH set is used to verify search space design implementation.
Proposal 10:
For the Localized EPDCCH tests use random scheduling of EPDCCH transmissions in the localized EPDCCH set.

EPDCCH QCL transmission

A good summary of the potential Localized EPDCCH TM10 + QCL Type B tests purposes is provided in [4]. In our view the main goals of the respective tests should be verification of the following aspects:
· Correct EPDCCH rate matching in accordance to the QCL configuration;
· Correct EPDCCH starting symbol deriving procedure;
· Demodulation performance in case of realistic time/frequency offsets between the transmission points.

To allow EPDCCH QCL functionality testing, the test setup should include two transmissions points (TP1 and TP2). The TP1 is the serving cell and TP2 is the used for the actual EPDCCH transmission. The UE configured with 2 EPDDCH sets (one localized and one distributed). The distributed EPDCCH set is associated with the TP1 and is implicitly used for verification of the search space concepts, while the localized EPDCCH set is transmitted from the TP2 and used for demodulation testing. The EPDCCH transmission should always occur from the EPDCCH set associated with the TP2.
In order to check correct demodulation performance, realistic time/frequency offset values between the TP1 and TP2 should be applied in way to penalize wrong UE implementation. The DL CoMP WI parameters may be used for these purposes. However, further discussion may be needed on whether any modifications of the respective values for EPDCCH tests are needed.
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. 

The distributed EPDCCH test uses SS configuration 1, so to have good tests coverage it is proposed to use SS configuration 4 for Localized tests.

Proposal 11:
Use TDD SS configuration 4 in Localized EPDCCH demodulation tests.
3.2 Test parameters
The initial agreements on the Localized EPDCCH demodulation test scenarios were reached during the previous RAN4 WG meeting and are summarized in [1-2]. Below in Table 2 we provide the detailed set of the proposed test parameters. The previous RAN4 WG agreements are highlighted in grey.
Table 2. EPDCCH demodulation test parameters
	Parameter
	Localized Test 1
(TM9 + non-QCL)
	Localized Test 2 
(TM10 + QCL Type B)

	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

	TX EVM 
	6%

	Noc
	-98 dBm/15kHz

	TDD configuration
	UL-DL configuration
	0

	
	Special subframe configuration
	 4

	
	ACK/NACK feedback mode
	Multiplexing

	Tx EVM
	6%

	Noc
	-98 dBm/15khz

	Unused REs and PRBs
	OCNG for all unoccupied REs including unused EPDCCH REs

	Power allocation
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	Antenna configuration
	2x2 Low 

	Channel model
	EVA5

	PDSCH transmission mode
	TM 9
	TM 10 with Type B configuration

	DCI Format
	DCI Format 2C
	DCI Format 2D

	Number of TPs
	1
	2

	Number of PDCCH OFDM symbols
	2
	2

	Cell ID
	0
	TP1: 0

TP2: TBD

	Reference signals
	CRS ports
	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
	One CSI-RS process for each TP

	
	CSI-RS configuration
	0
	One CSI-RS process for each TP

	
	ZP CSI-RS Configuration ICSI-RS
	FDD: 3

TDD: TBD
	Configured, details FFS

	
	ZP CSI-RS Bitmap
	0010000000000000
	Configured, details FFS

	QCL parameters: time offset, frequency shift
	NA
	Time offset: same as CoMP QCL test

Frequency offset: same as CoMP QCL test

	ECCE Aggregation Level
	2, 4
	2, 4

	Number of EREGs per ECCE
	FDD: 4 EREGs per ECCE

TDD:4 EREGs per ECCE for normal subframe and [8 for special subframe]

	Number of EPDCCH Sets
	2 overlapping EPDCCH sets (one distributed and one localized set)
(EPDCCH set #0: Localized, EPDCCH set #1: Distributed)

	Number of PRB pair per EPDCCH
	8 for localized and 2 for distributed

EPDCCH set #0: 8

EPDCCH set #1: 2

	EPDCCH PRB pair allocation
	Uniformly distributed across the bandwidth
EPDCCH Set #0: PRB pairs # 0, 7, 14, 21, 28, 35, 42, 49
EPDCCH Set #1: PRB pairs # 0, 49

	Non-collocated EPDCCH transmission
	NA
	TP1 is the serving cell

TP2 is used for EPDCCH transmission

	EPDCCH scheduling
	Fixed EPDCCH set index is 0

EPDCCH candidate is randomly assigned in each subframe

	EPDCCH pre-coding
	Random beamforming model similar to DM-RS based PDSCH demodulation tests 

	EPDCCH precoder update granularity
	1 EPDCCH PRB pair; 1 ms

	EPDCCH subframe pattern
	Monitor PDCCH together with EPDCCH,
1 subframe per frame is configured for PDCCH monitoring, EPDCCH is monitored in the remaining subframes,
EPDCCH and PDCCH performance are separately measured,
Low AL is applied for PDCCH transmission

	EPDCCH start OFDM symbol
	Signalled via higher layers (epdcch-StartSymbol-r11).

Start symbol is #3. CFI = 1.
	Signalled via higher layers (pdsch-Start-r11).

Start symbol is #3. CFI = 1.


Proposal 12:
Consider to adopt proposed parameters for the Localized EPDCCH tests provided in Table 2.

4. Conclusions
In this contribution we have provided our views on the remaining details of EPDCCH demodulation test scenarios and proposed the corresponding test parameters. In summary, we make the following proposals:

Proposal 1:
Prioritize Distributed EPDCCH tests in the AWGN environment. Further discuss the necessity of introducing additional distributed EPDCCH test in the eICIC/FeICIC environment.
Proposal 2:
For the Distributed EPDCCH tests EPDCCH PRB pairs are configured in a way not to overlap with the PBCH/PSS/SSS PRB pairs.

Proposal 3:
For the Distributed EPDCCH tests EPDCCH starting symbol is decided by PCFICH.

Proposal 4:
For the Distributed EPDCCH tests ECCE aggregation levels 8 and 16 are used.
Proposal 5:
Consider to adopt modifications to the Distributed EPDCCH test provided in Table 1.

Proposal 6:
Random beamforming model is used for Localized EPDCCH tests.

Proposal 7:
For the Localized EPDCCH tests ECCE aggregation levels 2 and 4 are used.

Proposal 8:
Include EPDCCH subframe monitoring pattern functionality testing into the Localized EPDCCH demodulation tests.

Proposal 9:
Use RRC signalling for EPDCCH start OFDM symbols for TM9 Localized EPDCCH test (using epdcch-StartSymbol-r11) and TM10 QCL Localized EPDCCH test (using pdsch-Start-r11)
Proposal 10:
For the Localized EPDCCH tests use random scheduling of EPDCCH transmissions in the localized EPDCCH set.

Proposal 11:
Use TDD SS configuration 4 in Localized EPDCCH demodulation tests.
Proposal 12:
Consider to adopt proposed parameters for the Localized EPDCCH tests provided in Table 2.
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