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1. Introduction
In RAN1 #71, work on ePDCCH specification was completed with a few minor issues left for further decision. As RAN1 work approaches its completion, RAN4 started discussion on ePDCCH in RAN4 #64bis. In RAN4 #65, it was agreed that ePDCCH would have no impact on RF core requirement. Also, it was agreed as WF that ePDCCH would have no effect on RRM part of core requirement since RRM procedure of cell detection, mobility measurement and radio link monitoring is not affected by introduction of ePDCCH. In this contribution, we analyze impact of ePDCCH on performance requirement aspect and provide our view on ePDCCH test framework.
2. Overview of ePDCCH specification
 ePDCCH is a new control channel specified in Rel-11 with following objective. 
· enhance control channel capacity

· allow frequency domain ICIC

· allow spatial reuse of control channel resource
· improve control channel coverage by beamforming, CoMP or diversity transmission

There are several aspects of ePDCCH specification that need to be considered in performance requirement discussion in RAN4. 
· ePDCCH replaces UE-specific search space of PDCCH in subset of SFs signaled through RRC signaling. UE still needs to monitor common search space on PDCCH in all SFs while monitoring UE-specific search space on either PDCCH or ePDCCH. Test needs to verify proper behavior of UE under changing control channel structure over SFs.
· ePDCCH is FDM multiplexed with PDSCH in a SF as shown in Figure 1. With FDM multiplexing channel structure, UE cannot enjoy the benefit of early decoding of control channel, which obviously has negative impact on PDSCH decoding timeline to meet HARQ feedback on SF n+4. RAN1 had discussion to allow relaxation on UE decoding timeline but nothing was agreed. RAN4 may consider introducing a sustained data rate test for PDSCH scheduled by ePDCCH to verify UE PDSCH decoding capability under tightened timeline. 
· PRBs for ePDCCH might overlap with scheduled PDCCH as shown in Figure 1. Specification requires that PDSCH be rate matched around PRBs of ePDCCH carrying DL grant of decoded PDSCH. Also, TBS is determined excluding the ePDCCH PRB overlapping with PDSCH allocation. This is a new aspect of PDSCH rate matching and should be verified by appropriate PDSCH demodulation test scheduled by ePDCCH. 
·   ePDCCH  is transmitted on DM-RS port 107~109. Thus, ePDCCH demodulation performance would be different from legacy PDSCH that is transmitted on CRS port. It is expected that some aspect of DM-RS based PDSCH demodulation test can be reused for ePDCCH demodulation test. 
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Figure 1. ePDCCH channel structure

· ePDCCH is defined for both localized and distributed transmission. Localized ePDCCH is transmitted as rank 1 beamforming and used when UE CSI feedback is available. Distributed ePDCCH is designed for diversity gain when reliable UE feedback is not available. For localized ePDCCH, PRB selection and precoding based on UE feedback should be considered in the test. For distributed ePDCCH, random precoding can be assumed on two alternating antenna ports. 
· UE can be configured with up to K=2 ePDCCH set and each ePDCCH set can be specified to be either localized or distributed transmission. Test case design should be prioritized for K=2 case although we can consider introducing one test case with K=1.
· PUCCH A/N resource mapping is affected with introduction of ePDCCH. Demodulation test for PDSCH scheduled by ePDCCH should be designed to verify this aspect of specification change. 

· For TM10 UE, each ePDCCH set is associated with one of PQI states which are already defined for PDSCH transmission. At least, one test case should be defined to verify ePDCCH demodulation performance in non-colocated antenna scenario, i.e., CoMP transmission of ePDCCH. 
· Starting OFDM symbol for ePDCCH can be either determined from PCFICH of serving cell or RRC signaling. When UE is configured as TM 1-9, UE should determine starting OFDM symbol of ePDCCH from PCFICH. In this case, mis-detection of PCFICH implies mis-detection of ePDCCH and thus decoding performance of PCFICH and ePDCCH is jointly tested. When UE is operating in TM10, starting OFDM symbol of ePDCCH is given by the value in PQI state that is semi-statically associated with ePDCCH set via RRC signaling. In this case, there is no confusion in CFI value and ePDCCH mis-detection rate is independently tested. 
· Details of ePDCCH channel design includes 

· EREG, EREG group, ECCE as building blocks of ePDCCH. 
· Rate matching around PDCCH, CRS and CSI-RS
· Aggregation level and search space design for different SF type and RE availability. 
· UE-specific scrambling of PDCCH payload
· RE mapping on ePDCCH channel
· DCI payload length change with introduction of ARO (ACK resource offset) and removal of zero padding
· DM-RS antenna port mapping

We can see ePDCCH has unique feature distinct from PDCCH. Thus, ePDCCH demodulation test should be designed to cover all these ePDCCH characteristics. Also, we can observe decoding of PDSCH scheduled by ePDCCH places new constraint on UE demodulation. Thus, it might be desirable to introduce demodulation test for PDSCH scheduled by ePDCCH. 
3. ePDCCH demodulation test
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 in a SF when TE scheduled PDSCH via PDCCH. Table 1 lists ePDCCH test parameters that need to be considered in ePDCCH demodulation test design.
Table 1. Test parameters for ePDCCH
	Transmission type
	localized
	distributed

	Channel bandwidth
	10MHz
	10MHz

	Duplex mode
	FDD, TDD
	FDD, TDD

	PDSCH transmission mode
	TM10
	TM3

	CSI-RS configuration
	yes
	no

	Non-colocated ePDCCH transmission
	yes
	no

	MBSFN SF configuration
	yes
	yes

	UL-DL configuration (TDD only)
	0
	0

	Special SF configuration (TDD only)
	2
	2

	CP type
	normal
	normal

	CFI
	2
	2

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

	Number of PRBs in ePDCCH set
	2, 4
	4, 8

	aggregation level
	1, 2, 4, 8, 16
	1, 2, 4, 8, 16, 32

	monitoring SF configuration
	yes, no
	yes, no

	DM-RS port precoding
	follow PMI precoding 
	random precoding

	Antenna configuration
	4x2, 8x2
	2x2, 4x2

	propagation channel
	EPA5, EVA5
	EPA70, EVA70

	antenna correlation matrix
	low correlation, medium correlation
	low correlation


· Test should be designed for both localized and distributed ePDCCH.
· Consider only 10MHz system bandwidth.

· Define test for FDD and TDD independently.
· Configure UE into TM10 for localized ePDCCH test and TM3 for distributed ePDCCH test. 
· Configure 1 CSI-RS resources for localized ePDCCH test. No CSI-RS resources are configured for distributed ePDCCH test. 

· For localized ePDCCH test, ePDCCH is transmitted by non-colocated transmission point. For non-colocated transmission, one PQI state will be associated with each of ePDCCH set. Timing offset will be applied between serving cell and ePDCCH transmission point while very small frequency offset like 30Hz will be applied. For distributed ePDCCH test, ePDCCH is transmitted by serving cell. 
· Specify MBSFN configuration to verify ePDCCH channel handling in both MBSFN and non-MBSFN configuration. MBSFN SF pattern is TBD. 
· 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. 

· Consider only normal CP in ePDCCH test. 
· CFI=2 will be assumed for all ePDCCH test.
· Configure 2 ePDCCH set for both localized and distributed ePDCCH set.  Same transmission type will be used in the test. 
· Consider all possible ePDCCH set size, i.e., number of PRBs, and aggregation level in evaluation and down select 2 combinations for localized and distributed ePDCCH respectively. 
· Specify monitoring SF configuration in one test to verify dynamic switching between ePDCCH and PDCCH for UE-specific search space detection. 
· Apply precoding based on UE feedback for localized ePDCCH test and random precoding for distributed ePDCCH test. 
· Consider 4x2 or 8x2 antenna configuration for localized ePDCCH test and 2x2 or 4x2 antenna configuration for distributed ePDCCH test. 
· Consider EPA5 or EVA5 channel for localized ePDCCH test to allow closed-loop precoding. Consider EPA5 and EVA70 channel for distributed ePDCCH test. 
· Consider both low correlation and medium correlation channel in the evaluation. 

4. PDSCH demodulation test

There are 3 aspects of PDSCH demodulation that is affected by introduction of ePDCCH. 
· PDSCH decoding timeline is tightened due to FDM channel structure of ePDCCH. 
· PRBs allocated for PDSCH might be overlapped with ePDCCH PRBs. In this case, PDSCH is rate matched around overlapping ePDCCH PRBs containing corresponding DL grant. Note that ePDCCH PRBs for UL grant or other UEs are not considered in PDSCH rate matching. Also, TBS size is determined based on number of PRBs excluding overlapping ePDCCH PRBs. 
· PUCCH A/N resource indexing is affected with the introduction of ePDCCH. 
UE capability to decoding PDSCH with tightened timeline can be verified by sustained data rate test. Among existing sustained data rate tests, it would be enough to duplicate test for 20MHz and 2x20Mhz for ePDCCH. Table 2 lists test parameters for PDSCH test scheduled by ePDCCH. 
Table 2. Test parameters for sustained data rate test with ePDCCH

	Transmission type
	localized

	Channel bandwidth
	20MHz, 2x20MHz

	Duplex mode
	FDD, TDD

	PDSCH transmission mode
	TM3

	MBSFN SF configuration
	no

	CP type
	normal

	CFI
	1

	Number of ePDCCH sets (K)
	2 (localized)

	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. 

· Sustained data rate for ePDCCH are specified only for 20MHz and 2x20MHz channel bandwidth.
· Tests for FDD and TDD are specified independently. 
· PDSCH transmission mode is TM3. 

· MBSFN SF is not configured in the test.

· Only normal CP is considered in the test

· CFI=1 is assumed. 

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

· Random 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. TBS will be changed from 75376 to 73712 for category 4, 6 or 7 UE. TBS will be changed from 36696 to 35160.
5. Conclusion

In this contribution, we analyzed ePDCCH specification and summarized several aspects that might affect performance test design for ePDCCH. Based on the analysis, we proposed test framework for both ePDCCH and PDSCH demodulation tests. We recommend taking our analyses into consideration in defining performance requirement and test. 
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