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1 Introduction

In RAN4#66 meeting, the way forward [1] was agreed on EPDCCH performance tests as follows. In this contribution, we will further discuss the EPDCCH demodulation tests and corresponding test parameters based on the agreements.
2 Discussion
2.1 Test cases
According to [1] the following test cases should be considered for EPDCCH:
· Distributed EPDCCH transmission test;
· Localized EPDCCH transmission test;

· TM10 QCL test;

· EPDCCH+PDSCH joint test.
· Multiple-user EPDCCH test should be studied.

To reduce the test case number, we can combine TM10 QCL test with localized EPDCCH transmission test. In Table 1 we summarize the proposed test cases.

Table 1: Summary of proposed test cases
	Test No.
	Descriptions
	Test purpose
	Scenario
	Test metric

	Test 1
	Distributed transmission mode, non-TM10; decide the starting symbol by PCFICH
	Verify the demodulation performance under distributed transmission mode.
	High speed or low SNR, e.g., cell edge, where no accurate CSI is available.
	1% BLER

	Test 2
	Localized transmission mode, TM10 QCL; decide the starting symbol by RRC signalling
	Verify the performance under localized transmission and QCL transmission.
	Low speed and high SNR, where the accurate CSI is available.
	1% BLER

	Test 3
	EPDCCH+PDSCH joint decoding; sustained data rate test.
	Verify the rate de-matching and whether there is sufficient time to decode PDSCH
	Press test, where there is big PDSCH TBS.
	X% relative TP


For the multiple-user EPDCCH test, the implementation may be challenging. Firstly, for four ECCE level, the any two out of four antenna ports 107~110 may be used for paired users. It would be complicated to design a MMSE receiver. Secondly, the scrambling sequence for EPDCCH DMRS is UE-specific. It would be difficult for user to know what sequence is used by the other paired user. So we do not suggest introducing multiple user EPDCCH test.

In sum we propose three test cases:
· Proposal 1: introduce three demodulation test cases for EPDCCH demodulation requirements

· Test 1: EPDCCH distributed transmission mode, non-TM10;
· Test 2: EPDCCH localised transmission mode, TM10 QCL with behaviour B.
· Test 3: EPDCCH + PDSCH jointly testing
2.2 Preceding for EPDCCH localized transmission mode
There two opinions on the preceding for EPDCCH localized transmission. One is random pre-coding and the other is PMI-based pre-coding. We prefer the first one because of the following reasons:
· PMI accuracy and reporting has been verified by CRS based and CSI-RS based PMI test. No enhancement or specific implementation for EPDCCH PMI reporting, which is the same as PMI measurement for PDSCH.

· PMI-based pre-coding may increase the test case number. If PMI-based pre-coding was used, the antenna configurations of 2×2, 4×2 and 8×2 should be considered, while if random pre-coding used, the 2×2 configuration would be sufficient to verify the channel estimation and decoding performance.

· PMI-based pre-coding may lead to misalignment between company simulation results and lead to complicated specification. Compared to random pre-coding scheme, the PMI-based pre-coding scheme will involve PMI measurement and report, and maybe frequency-selected scheduling, which are redundant and unnecessary steps for the EPDCCH test and may cause troubles and uncertainty to align the simulation results among different companies
Similar as UE specific RS PDSCH demodulation test, the main test purpose may focus on verification of channel estimation and demodulation of localized transmission mode EPDCCH. To simplify the test, we propose that
· Proposal 2: use random pre-coding for EPDCCH localized transmission.
The detailed channel model and beamforming model are given in [2].
2.3 Detailed parameters for EPDCCH test cases
In our opinion, the principles to set the parameters for distributed and localized transmission mode tests are [2]:

· In real-network, the distributed mode is likely used in high speed or low SNR condition where the accurate CSI feedback is not available. For low SNR scenario, the larger ECCE levels would generally be used. In order to reduce the test case number, we select the lower/lowest coding rate, e.g., DCI format 1 with less payload size, to form corner cases. And we also assume that no/less CSI-RS is transmitted and two PDCCH/PCFICH symbols.

· On the contrary, we use the localized transmission test to cover the higher coding rate case for EPDCCH. Thus the small ECCE level will be assumed as well as CSI-RS transmission and three PDCCH/PCFICH symbols. Considering the real use case, we propose to use ECCE level two instead of one ECCE level one for this test.

In Table 2, we provide the detailed parameters for EPDCCH demodulation Test 1 and Test 2.
Table 2: Parameters for ePDCCH demodulation Test 1 and Test 2
	Test Parameters
	Test 1 (Distributed)
	Test 2 (Localized)

	Bandwidth
	10MHz

	Subframe configuration
	FDD/TDD

	PDSCH configuration
	Non-TM10

	TM10, behaviour B

	Test metric
	Probability of DCI miss detection, 1% ePDCCH BLER

	EPDCCH transmission mode
	Distributed 

	Localized

	EPDCCH receiver
	MRC

	MMSE

	Channel model
	Propagation conditions
	EVA70 or ETU70
	EVA5 or EPA5

	
	Antenna configuration and correlation matrix
	2×2 low
	2×2 low

	
	Beamforming Model 
	[B4.2 TS36.101] Dual-layer random beamforming
Random pre-coding
	[B4.1 TS36.101] Single-layer random beamforming 
Random pre-coding

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

	Reference signal configurations
	DMRS ports
	Port 107, 109
	Single port among107/108/109/110 transmitted; which one will be transmitted is randomly selected before test

	
	Cell-specific reference signal
	Antenna ports 0 and 1
	Antenna ports 0 and 1

	
	CSI reference signals
	-
	Antenna ports 15 and 16

	
	CSI-RS periodicity and subframe offset
	-
	TBD

	
	CSI reference signal configuration
	-
	TBD

	
	Zero-power CSI-RS configuration

ZeroPowerCSI-RS bitmap
	-
	TBD

	
	Downlink power allocation
	ρA = -3, ρB = -3, PC = TBD, no power boosting

	Reference channel and Resource allocation
	EPDCCH format
	EPDCCH format 4, case 2

i.e. 16 ECCE level and 8EREGs per ECCE
	EPDCCH format 0 case 1 or format 1 case 2

i.e., 2 ECCE and 4 EREG per ECCE

	
	EPDCCH-PRB-sets monitored
	Two Distributed EPDCCH-PRB-sets
	One Distributed EPDCCH-PRB-set 
one localized EPDCCH-PRB-set

	
	Number of PRB pairs in EPDCCH-RPB-set, numberPRBPairs-r11
	Max number 8 PRB-pairs each set
	Max number 8 PRB-pairs each set

	
	Frequency separation between allocated PRB pairs
	6 PRB separation, i.e., evenly distribution
	N/A

	
	Location of target PRB pair
	N/A
	On the lower edge of bandwidth

	
	Number of PDCCH symbols
	2
	2

	
	lEPDCCHStart
	2
determined from joint PCFICH decoding
	3 
determined from the higher layer parameter

	
	Subframes to be monitored
	Configured by higher layer, TBD
	TBD

	
	DCI format
	DCI format 1
	DCI format 2

	Cyclic prefix
	Normal
	Normal

	Carrier Indicator Field
	UE is not configured with a carrier indicator field
	UE is not configured with a carrier indicator field

	External noise (White or frequency selective)
	White noise Noc: 98dBm/15KHz
	Frequency selective

	TDD specific
	Uplink downlink configuration
	1
	1

	
	Special subframe configuration
	4
	4

	
	ACK/NACK feedback mode
	Multiplexing
	Multiplexing

	QCL parameters: time offset frequency shift, parameters for behaviour B
	N/A
	The same as parameters for CoMP QCL test


There are two opinions for EPDCCH and PDSCH jointly demodulation tests and they are:

· Test 3-1: PDSCH TM3 with RANK=2, EPDCCH distributed transmission mode.
· Test 3-2: PDSCH TM9 with dual-layer transmission, EPDCCH localized transmission mode.
Table 3 provides the test parameters for Test 3-1 and Test 3-2. The other parameters are the same as those in Table 2.
Table 3: Parameters for ePDCCH+PDSCH jointly demodulation Test 3
	Test Parameters
	Test 3-1 
	Test 3-2

	Bandwidth
	20MHz

	Subframe configuration
	FDD/TDD

	PDSCH configuration
	TM3
	TM9

	MCS and resource used for PDSCH
	64QAM 3/4; 99 PRBs used for PDSCH transmission with rate-matching over EPDCCH occupying1 PRB

	Test metric
	70% maximum throughput


	ePDCCH transmission mode
	Distributed 
	Localized

	DCI format
	DCI format 2

	Propagation condition and antenna configuration
	2×2 static channel
	2×2 static channel

	Other configuration
	Refer to Test 1 in Table 2
	Refer to Test 2 in Table 2


· Proposal 3: Introduce one EPDCCH+PDSCH jointly test. We have two alternatives
· Test 3-1: PDSCH TM3 with RANK 2, EPDCCH distributed mode

· Test 3-2: PDSCH TM9 with dual-layer transmission, EPDCCH localized mode
3 Conclusion
In this paper, we discuss the test parameters for ePDCCH demodulation and the proposal are:
· Proposal 1: introduce three demodulation test cases for EPDCCH demodulation requirements

· Test 1: EPDCCH distributed transmission mode, non-TM10;

· Test 2: EPDCCH localised transmission mode, TM10 QCL with behaviour B.

· Test 3: EPDCCH + PDSCH jointly testing

· Proposal 2: use random pre-coding for EPDCCH localized transmission.
· Proposal 3: Introduce one EPDCCH+PDSCH jointly test. We have two alternatives
· Test 3-1: PDSCH TM3 with RANK 2, EPDCCH distributed mode

· Test 3-2: PDSCH TM9 with dual-layer transmission, EPDCCH localized mode
And also we suggest taking the parameters in Table 2 and 3 as reference for EPDCCH demodulation test.
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