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1. Introduction
In RAN4 #66, RAN4 had first discussion on UE demodulation performance for ePDCCH and agreed on introduciton of ePDCCH demodulation test and ePDCCH-scheduled PDSCH demodulation test. WF [1] captured several high level agreements on test case design as following. 

· EPDCCH (not an exhaustive list):
· Distributed and localized transmissions;
· FDD and TDD;
· Probability of DCI miss detection (demodulation performance metric);
· Bandwidth = 10MHz;
· TM10 and non-TM10;
· Starting symbol with PCFICH and through RRC Configuration (depending on the test cases);
· QCL;
· Pre-coding for localized transmission = Random and/or PMI-based (to be confirmed in the next meeting);
· Pre-coding for distributed = Random;
· Receiver = MRC or same as in PDSCH (to be confirmed in the next meting);
· PDSCH:
· Rate matching of PDSCH over EPDCCH included
Also, further issues or parameters to be discussed in subsequent meetings were identified as
· EPDCCH test;
· Test method for localized transmission:
· Option 1: Random pre-coding;
· Option 2: PMI-based pre-coding;
· Number of PRB pairs per EPDCCH-PRB-set;
· DMRS ports for localized and distributed transmission;
· EPDCCH PRB pairs allocation (frequency separation between allocated PRB pairs)
· Number of EPDCCH-PRB-sets;
· ECCE aggregation level;
· Feasibility and test method for MU-MIMO (simultaneous transmission);
· Monitoring subframe configuration (RRC and/or Default);
· CRS and CSI-RS configurations;
· Downlink power allocation;
· DCI format for EPDCCH tests;
· Antenna configuration and Propagation conditions.
· PDSCH test method:
· Option 1: sustained data rate test;
· Other options are not precluded: 
In this contribution, we will provide further discussion on remaining issues on ePDCCH test case design. We will also provide detailed parameters for test cases to narrow down scope of the sutdy. 
2. Remaining issues for ePDCCH demodulation test
2.1. Precoding for localized ePDCCH transmission
Localized ePDCCH was introduced in the specification to improve ePDCCH capacity when reliable CSI feedback is available. Thus, PRB selection and precoding according to UE CSI feedback should be considered as essential feature of localized ePDCCH transmission. Thus, we propose to adopt closed loop precoding for localized ePDCCH demodulation test. For PRB selection, we propose to consider both random PRB selection and closed loop PRB selection in the evaluation and adopt closed loop PRB selection if performance can be aligned among companies. 
There was a concern regarding potential difficulty in performance alignment with closed loop precoding. However, closed loop precoding was already included in FRC tests such as TM4 demodulation test and TM9 IRC receiver test and we didn’t see significant problem in performance alignment. 
Proposal 1:  Adopt closed loop precoding based on PMI feedback for localized ePDCCH demodulation test. 
Proposal 2:  Evaluate both random PRB selection and closed loop PRB selection for localized ePDCCH demodulation test. 

2.2. DM-RS ports for localized and distributed ePDCCH
According to [2], DM-RS port for localized ePDCCH transmission is determined by following equation and table 1
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 is the lowest ECCE index used by this EPDCCH transmission in the EPDCCH set, 
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 is the number of ECCEs used for this EPDCCH. Thus, if ePDCCH configuration and transmission parameters are determined, DM-RS port number will be determined automatically according to the specification. For distributed ePDCCH transmission, each resource element in an EREG is associated with one out of two antenna ports in an alternating manner where 
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 for normal cyclic prefix and 
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 for extended cyclic prefix. Also, we need to note that DM-RS antenna port number does not have direct implication on the ePDCCH demodulation performance. Thus, RAN4 can define test cases without concern for DM-RS port number. 
Table 1: Antenna port to use for localized EPDCCH transmission.
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	Normal cyclic prefix
	Extended cyclic prefix

	
	Normal subframes,

Special subframes,
configurations 3, 4, 8
	Special subframes, 
configurations 1, 2, 6, 7, 9
	Any subframe

	0
	107
	107
	107

	1
	108
	109
	108

	2
	109
	-
	-

	3
	110
	-
	-


2.3. PRB pairs allocation
Number of PRB pairs allocated for ePDCCH set affects how physical resources are mapped to eREG and eCCE. From link performance perspective, it can also affect frequency diversity of distributed ePDCCH or localized ePDCCH with closed loop PRB selection. Furthermore, it can also affect UE demodulation in blind ePDCCH detection. Thus, it would be desirable to allocate larger number PRB pairs in ePDCCH set. 
Once number of PRB pairs is determined, we also need to determine how those PRB pairs are distributed in frequency domain. In distributed ePDCCH transmission, PRB pairs should be distributed evenly in the frequency domain to maximize frequency diversity. In localized ePDCCH transmission, even distribution of PRB pairs in frequency domain is desirable since link performance could be optimized by closed loop PRB selection. 
Proposal 3:  Consider allcoation of 4 and 8 PRB pairs in ePDCCH set evenly distributed in frequency domain.
2.4. Number of ePDCCH sets
RAN4 agreed to introduce ePDCCH demodulation for both TM10 and non-TM10 UE. For non-TM10 UE except for TM9 UE, CSI feedback based on CSI-RS ports are not available. Thus, distributed ePDCCH is a natural selection for non-TM10 UE ePDCCH demodulation test. For TM10 UE, we prefer using localized ePDCCH set even though both localized and distributed ePDCCH can be used. 
Number of ePDCCH sets may affect ePDCCH scheduling flexibility at eNB, ePDCCH search space for different aggregation level and ePDCCH demodulation complexity at UE. Considering that handling of two ePDCCH set could be more challenging to UE due to the need to handle more PRBs, defining test case with 2 ePDCCH sets would be desirable. 
Proposal 4:  For non-TM10 UE, define test case with 2 distributed ePDCCH sets. For TM10 UE, define test cases with 2 localized ePDCCH sets. 
2.5. eCCE aggregation level
For PDCCH demodulation test, test cases were defined with 2, 4 and 8 aggregation level to verify PDCCH detection performance over different CINR region. We believe we should take same approach in ePDCCH demodulation test. Considering that we have to define tests for distributed and localized ePDCCH transmission, we recommend defining tests for 2 aggregation level for each ePDCCH type. Another aspect to consider is that ePDCCH was defined for higher aggregation level than PDCCH to compensate for smaller number of REs per eCCE. Thus, we have to include aggregation level of 16 in the test. 
Proposal 5:  For distributed ePDCCH test, define test for aggregation level 4 and 16. For localized ePDCCH test, define test for aggregation level 2 and 8. 
2.6. Monitoring subframe configuration
ePDCCH replaces UE-specific search space of PDCCH in subset of SFs signaled through monitoring SF configuration. UE still needs to monitor common search space on PDCCH in all SFs while monitoring UE-specific search space on either PDCCH or ePDCCH. It is also possible to configure ePDCCH set without monitoring SF configuration. In that case, UE should monitor ePDCCH for UE-specific search space in all SFs. 
For funtional verification, we want to have one ePDCCH demodulation test configured with DCI transmission on both PDCCH and ePDCCH based on monitoring SF configuration. Test could be defined such that 

· DCI is transmitted on PDCCH only in 1 SF out of all DL SFs with ePDCCH transmission
· ePDCCH is configured with small aggregation level and PDCCH is configured with large aggregation level so that PDCCH can be always correctly detected
· DCI misdetection is counted separately for ePDCCH SFs and PDCCH SFs
Proposal 6:  Configure one ePDCCH demodulation test with monitoring SF configuration to transmit DCI on both PDCCH and ePDCCH. 

2.7. CRS and CSI-RS configuration
For distributed ePDCCH demodulation test for non-TM10 UE, PDSCH will be transmitted on CRS ports while ePDCCH is transmitted on DM-RS ports. Since random precoding is used for distributed ePDCCH transmission, transmission on either 2 or 4 transmit antenna would be enough. For 2 transmit antenna, we can configure 2 CRS ports, 2 CSI-RS ports and random 2 Tx precoding for DM-RS ports. For 4 transmit antenna, we can configure 2 CRS ports, 4 CSI-RS ports and 4 Tx random precoding for DM-RS ports.
For localized ePDCCH demodulation test for TM10 UE, both PDSCH and ePDCCH will be transmitted on DM-RS ports. Since closed loop precoding is used for localized ePDCCH transmission, we should consider at least 4 transmit antenna to verify precoding gain. Following similar approach as TM9 PMI test, we propose to use 4 transmit antenna in FDD and 8 transmit antenna in TDD for localized ePDCCH transmission. For 4 transmit antenna, we can configure 2 CRS ports, 4 CSI-RS ports and 4 Tx PMI feedback for DM-RS ports. For 8 transmit antenna, we can configure 2 CRS ports, 8 CSI-RS ports and 8 Tx PMI feedback for DM-RS ports. 
Proposal 7:  Consider both 2 and 4 transmit antenna for distributed ePDCCH transmission test. Consider 4 transmit antenna in FDD and 8 transmit antenna in TDD for localized ePDCCH transmission test. 
2.8. DCI format
For distributed ePDCCH, UE will be configured into TM3 and DCI format 2 would be used as PDCCH payload. For localized ePDCCH, UE will be configured into TM10 and DCI 2D would be used as PDCCH payload. It is FFS whether DCI format 1A needs to be considered to adjust ePDCCH code rate. 
Proposal 8:  Use DCI format 2 for distributed ePDCCH test and DCI format 2D for localized ePDCCH test. 

3. ePDCCH demodulation test parameters
ePDCCH demodulation test should follow same procedure as PDCCH demodulation test, where PDCCH mis-detection rate is measured based on ACK/NACK feedback count. TE assumes PDCCH mis-detection at UE when there is no ACK or NACK feedback for SF when TE scheduled PDSCH via ePDCCH. Table 1 lists common parameters for ePDCCH demodulation test.
Table 1. Common parameters for ePDCCH demodulation test
	ePDCCH type
	localized ePDCCH
	distributed ePDCCH

	Channel bandwidth
	10MHz
	10MHz

	Duplex mode
	FDD, TDD
	FDD, TDD

	PDSCH transmission mode
	TM10
	TM3

	Cell ID
	TP1 : 0

TP2 : 0, no CRS transmission
	0

	CSI feedback configuration
	PDSCH 3-1
	N/A

	Non-colocated ePDCCH transmission
	TP1 for serving cell
TP2 for ePDCCH/PDSCH
	N/A

	Antenna configuration
	TP1 : 2x2

TP2: 4x2 high correlation for FDD 
TP2: 8x2 high correlation for TDD
	2x2 low correlation

4x2 low correlation

	timing offset between TPs
	2 us
	N/A

	frequency offset between TPs
	30Hz
	N/A

	MBSFN SF configuration
	no
	no

	UL-DL configuration (TDD only)
	0
	0

	Special SF configuration (TDD only)
	2
	2

	CP type
	normal
	normal

	ePDCCH starting symbol
	CFI=2
ePDCCH starts from OFDM symbol 3
	CFI=2
ePDCCH starts from OFDM symbol 2

	Number of ePDCCH sets (K)
	2 (localized, localized)
	2 (distributed, distributed)

	Number of PRBs in ePDCCH set
	(4, 4), (8, 8)
	(4, 4), (8, 8)

	monitoring SF configuration
	no
	yes, no

	DM-RS port precoding
	follow PMI precoding
	random precoding

	ePDCCH PRB selection
	random/closed loop
	fixed


· Configure UE into TM10 for localized ePDCCH test and TM3 for distributed ePDCCH test. 
· Configure CSF feedback for localized ePDCCH test. No CSI-RS resources are configured for distributed ePDCCH test. 

· For localized ePDCCH test, ePDCCH is transmitted by non-serving cell TP that is sharing same CRS with serving cell TP. 
· For TDD, use UL-DL configuration 0, which is same as PDCCH test. 
· For TDD, use special SF configuration 2 instead of 4 to allow verification of ECCE consisting of 8 EREG. 

· ePDCCH starting symbol index is determined by CFI for distributed ePDCCH test and configured by RRC signaling for localized ePDCCH test. 
· Configure 2 ePDCCH set for both localized and distributed ePDCCH set. 
· Specify monitoring SF configuration in one distributed ePDCCH test to verify dynamic switching between ePDCCH and PDCCH for UE-specific search space detection. 
Table 2 and 3 lists ePDCCH demodulation test cases for distributed ePDCCH test and localized ePDCCH test. 
Table 2. Test cases for localized ePDCCH demodulation test

	Test number
	Bandwidth Duplex mode 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 MHz/FDD
	2 eCCE
	TBD
	TBD
	EPA5
	4x2 High
	1
	TBD

	2
	10 MHz/FDD
	8 eCCE
	TBD
	TBD
	EVA5
	4x2 High
	1
	TBD

	3
	10 MHz/TDD
	2 eCCE
	TBD
	TBD
	EPA5
	8x2 High
	1
	TBD

	4
	10 MHz/TDD
	8 eCCE
	TBD
	TBD
	EVA5
	8x2 High
	1
	TBD


Table 3. Test cases for distributed ePDCCH demodulation test

	Test number
	Bandwidth/Duplex mode 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 MHz/FDD
	4 eCCE
	TBD
	TBD
	EPA5
	2x2 Low
	1
	TBD

	2
	10 MHz/FDD
	16 eCCE
	TBD
	TBD
	EVA70
	4x2 Low
	1
	TBD

	3
	10 MHz/TDD
	4 eCCE
	TBD
	TBD
	EPA5
	2x2 Low
	1
	TBD

	4
	10 MHz/TDD
	16 eCCE
	TBD
	TBD
	EVA70
	4x2 Low
	1
	TBD


4. PDSCH demodulation test

RAN4 agreed to introduce additional demodulation test for PDSCH scheduled by ePDCCH and verify, at least, PDSCH rate matching around ePDCCH PRBs. PUCCH A/N resource indexing with 2 ePDCCH set would be verified by ePDCCH demodulation test. Thus, it would suffice to define only 1 ePDCCH set for PDSCH demodulation test. 
One remaining issue to be determined is whether to introduce sustained data rate test for PDSCH scheduled by ePDCCH. Introduction of ePDCCH exposes a significant challenge for PDSCH decoding timeline since PDSCH decoding is delayed by almost 1 SF due to FDM structure of ePDCCH while no timeline relaxation was adopted for DL HARQ feedback in RAN1. Thus, it is essential to verify UE capability to decode the largest PDSCH within tightened timeline, which can be achieved by sustained data rate test. 
Proposal 9:  Introduce sustained data rate test for ePDCCH to verify UE capability to meet PDSCH decoding timeline.

Table 4 lists proposed test parameters for sustained data rate test with ePDCCH. 

Table 4. Test parameters for sustained data rate test with ePDCCH

	Transmission type
	localized

	Channel bandwidth
	20MHz, 2x20MHz (10+15MHz, 10+20MHz, 15+20MHz)

	Duplex mode
	FDD, TDD

	PDSCH transmission mode
	TM3

	MBSFN SF configuration
	no

	CP type
	normal

	CFI
	1

	Number of ePDCCH sets (K)
	2 (both localized ePDCCH)

	Number of PRBs in ePDCCH set
	4

	aggregation level
	2

	monitoring SF configuration
	no

	DM-RS port precoding
	random precoding 

	Antenna configuration
	2x2

	propagation channel
	static channel

	Number of PDSCH PRBs
	99 (1 PRB is for ePDCCH)


· Only localized ePDCCH is used for PDSCH test. Distributed ePDCCH will puncture at least 4 RBs and thus will reduce PRBs that can be allocated to PDSCH by 4. 

· PDSCH transmission mode is TM3. 

· 2 localized ePDCCH sets are configured in the test. ePDCCH set for DL grant should be randomly changed subframe by subframe. 
· Monitoring SF is not configured in the test. Thus, UE monitor UE-specific search space always on ePDCCH.

· Fixed precoding is used for ePDCCH DM-RS. 

· 2x2 antenna configuration and static channel is used for the test. 

· With one PRB occupied by ePDCCH, 99 PRBs are available for PDSCH allocation. 
5. Conclusion

In this contribution, we provided further analyses on remaining issues in ePDCCH demodulation test. Our proposalas are

Proposal 1:  Adopt closed loop precoding based on PMI feedback for localized ePDCCH demodulation test. 

Proposal 2:  Evaluate both random PRB selection and closed loop PRB selection for localized ePDCCH demodulation test. 

Proposal 3:  Consider allcoation of 4 and 8 PRB pairs in ePDCCH set evenly distributed in frequency domain.

Proposal 4:  For non-TM10 UE, define test case with 2 distributed ePDCCH sets. For TM10 UE, define test cases with 2 localized ePDCCH sets. 

Proposal 5:  For distributed ePDCCH test, define test for aggregation level 4 and 16. For localized ePDCCH test, define test for aggregation level 2 and 8.

Proposal 6:  Configure one ePDCCH demodulation test with monitoring SF configuration to transmit DCI on both PDCCH and ePDCCH. 

Proposal 7:  Consider both 2 and 4 transmit antenna for distributed ePDCCH transmission test. Consider 4 transmit antenna in FDD and 8 transmit antenna in TDD for localized ePDCCH transmission test. 

Proposal 8:  Use DCI format 2 for distributed ePDCCH test and DCI format 2D for localized ePDCCH test. 

Proposal 9:  Introduce sustained data rate test for ePDCCH to verify UE capability to meet PDSCH decoding timeline. 

We recommend taking our proposals into consideration in defining ePDCCH demodulation test case design. 
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