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1 Introduction
In the last RAN4 #68 meetings, test parameters for EPDCCH distributed and localized tests were approved[1]. In this contribution, we provide our simulation results for EPDCCH distributed and localized tests based on agreed test parameters.
2 Simulation Results for EPDCCH distributed tests
In this section, we investigate EPDCCH distributed tests based on approved test parameters. Used simulation parameters are presented in the table 1 and corresponding simulation results are shown in figures 1 below.
Table 1. Simulation parameters for EPDCCH distributed test (FDD)
	Parameter
	Distributed test

	Bandwidth
	10 MHz

	Cyclic Prefix
	Normal

	Duplexing 
	FDD, TDD

	EPDCCH Starting Symbol
	· Option 1: starting symbol is decided by decoding PCFICH (CFI = 2) and EPDCCH starts from Symbol 2

· Option 2: starting symbol is decided by RRC signalling and CFI = 1,[2]

	Tx EVM and Noc
	6% and -98 dBm/15khz

	ECCE Aggregation Level
	· 16ECCE

· 4ECCE

	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 [3 17 31 45]
· 8 PRB pairs for the second [0 7 14 21 28 35 42 49]

	EPDCCH PRB pair allocation
	Uniformly distributed across the bandwidth

	EPDCCH scheduling
	Randomly select the candidate within a fixed EPDCCH:

· The first set with 4PRB pairs: EPDCCH test with aggregation [4 ECCE/ 8 ECCE];
· The second set with 8PRB pairs: 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

	DCI format
	DCI format 2A(40 bits payload w/o CRC)

	Precoder update granularity
	1 PRB and 1ms

	PDSCH transmission mode
	TM3

	Cell ID
	0

	Antenna configuration
	2x2 Low

	Propagation conditions
	· EVA70: the test with aggregation level 16;

· EVA5: the test with aggregation level 4 or 8

	TDD UL/DL configuration
	0

	TDD special SF configuration
	1

	Monitoring SF configuration
	Not configured (i.e. default behaviour)

	CSI-RS configuration
	N/A

	CRS configuration
	Port 0, 1
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Figure 1.  Simulation results of EPDCCH distributed test for different ECCE
Form simulation results, the target SNR values to achieve 1% BLER under given aggregation level are shown in Table 2. For option 1 and option 2 of EPDCCH start symbol, we agree to use option 1, since we can’t find any reasonable difference between option1 and option 2.
Table 2.  Target SNR to achieve 1% BLER of option 1 and option 2
	SNR1% [dB]
	4 ECCE
	8 ECCE
	16 ECCE

	Option 1
	1.22 
	-1.53 
	-5.02

	Option 2
	0.99
	-1.53 
	-5.05 


For downselection of ECCE aggregation level, we also support the agreement of last meeting using 16 ECCE and 4 ECCE to cover low and medium SNR for distributed EPDCCH transmission test.
3 Simulation Results for EPDCCH localized tests

In this section, we investigate EPDCCH localized tests based on approved test parameters. Used simulation parameters are presented in the table 3.

Table 3. Simulation parameters for EPDCCH localized test (FDD)
	Parameter
	Localized Test

	Bandwidth
	10 MHz

	Cyclic Prefix
	Normal

	Duplexing 
	FDD, TDD

	EPDCCH Starting Symbol
	Starting symbol is decided by RRC signalling and CFI = 1. 

Note: epdcch-StartSymbol-r11 for non-TM10 and using pdsch-Start-r11 for TM10.

	Tx EVM and Noc
	6% and -98 dBm/15khz

	Aggregation Level
	2 and 8 ECCE

	Number of EREGs per ECCE
	· FDD: 4

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

	Number of EPDCCH Sets
	2 Overlapping Sets: 1 distributed + 1 localized. 

Note: Overlapping by PRB 0 and PRB 49.

	Number of PRB pair per EPDCCH
	· 2 PRB pairs for the distributed set

· 8 PRB pairs for the localized set. PRB allocation as agreed in distributed test for 8PRB

	EPDCCH PRB pair allocation
	Uniformly distributed across the bandwidth

	EPDCCH Precoding
	[Random Pre-coding]

	Transmission Mode
	TM9 (non-QCL) and TM10 (QCL)

	DCI Format
	Format 2C (44 bits payload w/o CRC)

	Antenna Configuration
	[2x2]

	CSI reference signals
	Port 15, 16

	CSI-RS periodicity and subframe offset          TCSI-RS / ∆CSI-RS 
	5/2

	CSI reference signal configuration
	8


For EPDCCH pre-coding, we evaluate EPDCCH BLER performance under following pre-coding and scheduling schemes.

· Option 1 : Random Pre-coding

· Option 2 : Random scheduling w/ wide-band PMI

· Option 3 : Sub-band CQI based scheduling w/ wide-band PMI

Also, to guarantee same EPDCCH code rate between options, EPDCCH is only scheduled on sub-frames which CSI-RS channel is unassigned on. Corresponding simulation results for Option 1/2/3 are shown in figures 2/3/4 respectively. Also, the target SNR values to achieve 1% BLER under given aggregation level are summarized in Table 4. In Table 4, the number in parentheses means relative SNR gain to Option 1 by using specific pre-coding and scheduling scheme.
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Figure 2.  EPDCCH performance for localized transmission for Random PMI (Option 1)
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Figure 3.  EPDCCH performance for localized transmission for Random PMI (Option 2)
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Figure 4.  EPDCCH performance for localized transmission for Random PMI (Option 3)
Table 4.  Target SNR to achieve 1% BLER of option 1 and option 2

	SNR1% [dB]
	2 ECCE
	4 ECCE
	8 ECCE

	Option 1
	10.69 
	7.44 
	0.80 

	Option 2
	9.07 (1.62)
	5.56 (1.88)
	-1.05 (1.84)

	Option 3
	2.77 (7.92)
	-0.63 (8.07)
	-2.66 (3.46)


From Table 4, we can see up to 8 dB SNR gain by using closed-loop pre-coding schemes especially for lower aggregation level. However, such large SNR gain highly depends on the implementation of BS side scheduling algorithm rather than UE side EPDCCH demodulation algorithm. Therefore, we prefer to use Option 1 of random pre-coding to minimize simulation loads to align between inter companies.
Proposal 1. For pre-coding scheme of localized EPDCCH tests, we prefer to use random pre-coding.
4 Conclusion
In this contribution, we present our simulation results for EPDCCH distributed and localized transmission tests based on approved test parameters. Also we propose following proposal.
Proposal 1. For pre-coding scheme of EPDCCH localized tests, we prefer to use random pre-coding.
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