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1 Introduction

In RAN4#65 meeting, the following conclusion had been got for ePDCCH requirements that: there are no Core RRM and RF requirements impacts due to EPDCCH. In this contribution, we will share our consideration on ePDCCH demodulation performance requirements.
2 Test purposes
The new techniques specified for EPDCCH are listed below:

· Localized transmission and distributed transmission;

· Support for quasi co-location (QCL) scenario;

· FDM resource mapping scheme, including two EPDCCH-PRB-sets, ECCE, EREG and rate matching;

· EPDCCH assignment procedure, including new search spaces, support cross-carrier scheduling and new high layer signalling; 

· Support for all kinds of DCI formats.

To strike a good balance between the test coverage and the reduction of test case number, RAN4 should focus on verifying the techniques which have more impact on UE demodulation algorithm and implementation.

The first two bullets may be the most relevant to the performance test. The others may be relevant to the functionality test. But the key functionalities should be covered in RAN4, including the ability of monitoring 2 EPDCCH-PRB sets, correct de-rate matching, correctly responding to the high layer signals, checking the impact on the UE processing time. And the rest techniques like supporting multiple ECCE sizes, DCI formats, and search spaces could be partially tested in the corner cases. It would be difficult for RAN4 performance requirements to cover all the possible scenarios and combinations.
We further discuss the first two bullets below.

The localized transmission mode can support the MU-MIMO in principle. If two ECCE levels were assumed, port 107 and 108 would be used. If four ECCE levels were assumed, ports from 107 to 110 would be used. And MU-MIMO with the different ECCE levels at each user is not precluded. So it would be complicated for UE to optimize the EPDCCH MU-MIMO performance. Unlike PDSCH DMRS demodulation, it may not be easy to implement MMSE receiver since UE do not know which port will be used by the paired user. But it may still be meaningful to study the MU-MIMO scenario.
The QCL scenario was also discussed in CoMP. In that way, the EPDCCH QCL test seems redundant. But one argument would be that downlink CoMP is optional while EPDCCH is mandatory with FGI bits. So we suggest keeping QCL scenario but putting it in low priority.

Therefore the test cases could be divided into two categories according to the transmission modes and scenarios:

· Basic test (high priority): verify EPDCCH performance for transmission mode 1-9;
· Test for distributed transmission;
· Test for single user localized transmission;
· Advanced test (low priority): verify EPDCCH MU-MIMO performance and the performance with transmission mode 10 and quasi co-location Type-B scenario
· Test for EPDCCH MU-MIMO;
· Test for TM10 QCL.

In our opinion, we should focus on the basic tests firstly due to the stringent time line. The advanced tests are in low priority.
Proposal 1: as the first step, define the requirements to verify the receiver performance for the distributed transmission and the single user localized transmission. 

Proposal 2: the test purposes are to verify EPDCCH performance on one or more antenna ports of 107~110 under both distributed transmission and single user localized transmission modes for FDD and TDD, and to verify rate matching around CRS, multiple CSI-RS and PDSCH.
3 General descriptions of candidate test cases
In Table 1, we summarize the proposed scenarios for performance tests and the corresponding key parameters. 
Table 1 Summary of the general thinking about the test cases and related user scenarios.
	No.
	Description
	User scenarios and key parameters

	1
	Distributed transmission test
	· Scenarios: high speed or cell edge low SNR condition; monitor two sets;
· Parameters: low coding rate (large ECCE level), no CSI-RS, 2 PDCCH symbols;

	2
	Single user localized transmission test
	· Scenarios: medium/high SNR condition with accurate CSI feedback;
· Parameters: high coding rate (small ECCE level), CSI-RS, 3 PDCCH symbols;

	3
	Multi-user localized transmission test
	· Scenarios: multi-user localized transmission;
· Parameters: 2/4 ECCE, two users with the same ECCE levels;

	4
	QCL test
	· Scenarios: quasi co-location Type-B scenario;
· Parameter: medium ECCE level, other parameters same as those for CoMP;


Unlike PDCCH, the coding rate (ECCE size) of EPDCCH is vulnerable to the presence of reference signals and size of control region. The limited test cases could not cover all the possible coding rates. So we select some corner cases. 

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. And in order to select the lower/lowest coding rate as the corner cases, 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 user case, we propose to use ECCE level two instead of one ECCE level one for this test.
Considering the complexity of UE implementation for multi-user localized transmission test, it is suggested that two users with the same ECCE levels are multiplexed.
If the group was happy to have EPDCCH QCL test, the test parameters from CoMP QCL could be reused.
4 Basic test

In this section we focus on the basic test cases, i.e., Case 1 and Case 2 in Table 1. Firstly we discuss the channel model which is applicable to both cases and then the detailed parameters are provided.
4.1 Channel model and antenna configurations for EPDCCH tests
For DMRS based demodulation, two kinds of channel models were discussed before. One is for R-PDCCH and PMI test where the real 4×2 and 8×2 channel models are used. The other is for TM5/TM8/TM9 PDSCH demodulation test where only the 2×2 Low channel models with random beamforming are used, since only one or two data stream can be received and it seems like two antenna ports are used from the UE aspect.
To simplify the test configuration, we suggest using the 2×2 channel model which may be the same as those for TM8/9 PDSCH demodulation tests. 
For EPDCCH distributed transmission test, Port107/109 is used together with transmission diversity. In TM8/9 performance testing, the dual-layer random beamforming model has been introduced for antenna port 7/8 in B4.2 TS36.101. So the similar dual-layer random beamforming could be reused for ePDCCH distributed mode:
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where W(i) is of size 2×2 randomly selected with the number of layers v=2 from TS36.211. The precoder update granularity may be per PRB-pair and 1ms in time domain. 
For EPDCCH single user localized transmission test, the single port (port 107/108/109/110) is associated for each user. So the similar configuration of the single-layer random beamforming (antenna port 7 or 8) without a simultaneous transmission on the other antenna port in B4.1 TS36.101 could be reused, i.e.,
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where W(i) is of size 2×1 randomly selected with the number of layers v=1 from TS36.211. The precoder update granularity may be per PRB-pair and 1ms in time domain.
And for the single user localized transmission, the antenna port for user is associated via the used ECCE lowest index and RNTI. It would be reasonable to assume eNB only transmit the used antenna port instead of all. In order to fully verify UE ability to conduct the channel estimation on ports from 107~110, it would be better either to randomly selecting EPDCCH location and the associated single antenna port before the test or randomly changing EPDCCH location and the associated single antenna port during the test.
Based on the above discussion, we propose that:
Proposal 3: use 2×2 Low channel model as well as random beamforming model for the EPDCCH performance test.
4.2 Test for distributed transmission
Distributed transmission may target at multicast or broadcast, although common search spaces were not supported in Rel-11. As discussed above, the distributed mode is likely implemented in high speed or low SNR condition where accurate CSI feedbacks are not available in real-network. Considering the “corner case” principle, it is proposed to configure:

· EPDCCH format 4 Case 2 (defined in Table 6.8A.1-2 of TS36.211) as well as DCI format 1 and two control channel OFDM in order to achieve the lower coding rate.
· 2×2 low antenna configuration are proposed to verify transmission/receiver diversity gain;
· EVA70 (or ETU70) representing the high speed scenario;
· No CSI-RS transmission;
· Full-band PDSCH resource allocation to verify whether the UE-processing speed could match HARQ timing line;
· Request UE to monitor two EPDCCH-PRB-sets and set the target EPDCCH at the second set.

And since almost all the bands support 10MHz, the bandwidth for the test is 10MHz. As the stress test, we configure two EPDCCH-PRB-sets with the maximum size to be monitored and the scheduled PDSCH is allocated as full bandwidth. In this test, the start of EPDCCH is determined by higher layer signalling. 
The test metric is the same as PDCCH. And the reference receiver is MRC. The receiver is required to do the channel estimation on both ports.
For both distributed transmission test and localized transmission test, we propose no cross-carrier scheduling to reduce the test case number. We also propose no power boosting for both tests.
All the test parameters are listed in the Table 2.
Table 2 Parameters for the distributed transmission test
	Test Parameters
	Descriptions

	Bandwidth
	10MHz

	Transmission modes
	EPDCCH transmission mode
	Distributed transmission

	
	PDSCH transmission 
	Full bandwidth PDSCH resource allocation.

	Reference signal configurations
	DMRS ports
	Port 107, 109

	
	Cell-specific reference signal
	Antenna ports 0 and 1

	
	CSI reference signals
	-

	
	CSI-RS periodicity and subframe offset
	-

	
	CSI reference signal configuration
	-

	
	Zero-power CSI-RS configuration

ZeroPowerCSI-RS bitmap
	-

	
	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-PRB-sets monitored
	Two Distributed EPDCCH-PRB-sets; and targeting EPDCCH should be allocated in S1

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

	
	Number of PDCCH symbols
	2

	
	lEPDCCHStart
	2, determined from the higher layer parameter

	
	Subframes to be monitored
	Configured by higher layer, TBD

	
	DCI format
	DCI format 1

	Channel model
	Propagation conditions
	EVA70 or ETU70

	
	Channel matrix model
	2x2 low

	
	Beamforming Model 
	[B4.2 TS36.101] Dual-layer random beamforming

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

	TDD specific
	Uplink downlink configuration
	1

	
	Special subframe configuration
	4

	
	ACK/NACK feedback mode
	Multiplexing

	External noise
	White or frequency selective
	White external noise

	
	Noc at antenna port
	-98dBm/15KHz

	Cell ID
	0

	Cyclic prefix
	Normal

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

	Reference receiver
	MRC

	Test metric
	1% BLER


4.3 Test for localized transmission
In this section we discuss the single user localized transmission test. In the real network, the utilization of localized transmission depends on the accurate CSI measurement and reporting to get the frequency scheduling gain, so the slow fading channel and high SNR condition are suggested:
· EPDCCH format 0 (Case 1) or format 1 (Case2) as well as DCI format 2 and three control channel symbols in order to achieve the higher coding rate
· 2×2 low antenna configuration are proposed to verify the single layer receiving performance;
· EVA (or EPA5) representing the low speed scenarios;
· Full-band PDSCH resource allocation to test whether the UE-process-speed could match HARQ timing;
· CSI-RS transmission;
· Request UE to monitor one EPDCCH-PRB-set.

The main purpose of introducing CSI-RS is to ensure the rate-matching has been correctly implemented rather than CSI measurement and report, as EPDCCH reuses the CSI measurement and report of PDSCH TM9 which have been tested in CSI testing. In this test, the start of EPDCCH is determined by decoding PCFICH.

For the localized transmission, UE may need to do channel estimation for all the ports of 107~110. But during the transmission, eNB only needs to transmit the associated single antenna port. As discussed above, we propose to randomly select the location of target EPDCCH within the search space and in turn randomly select the associated antenna port.
Furthermore, the location of target EPDCCH PRB pair should be on the lower frequency edge of the bandwidth, where UE would undergo more interference leaked from uplink transmission in general.
Regarding the noise, one choice is to inject white external noise while the other is to inject frequency selective external noise. The latter would benefit to testing EPDCCH noise estimation ability.

All the test parameters are listed in the following table:

Table 3 Parameters for the localized transmission test
	Test Parameters
	Descriptions

	Bandwidth
	10MHz

	Transmission modes
	EPDCCH transmission mode
	Localized transmission

	
	PDSCH transmission 
	Full band PDSCH resource allocation.

	Reference signal configurations
	DMRS ports
	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

	
	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 0 case 1 or format 1 case 2, i.e., 2 ECCE and 4 EREG per ECCE

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

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

	
	Number of PDCCH symbols
	3

	
	lEPDCCHStart
	2, determined from joint PCFICH decoding

	
	Subframes to be monitored
	TBD

	
	Location of target PRB pair
	On the lower edge of bandwidth

	
	DCI format
	DCI format 2

	Channel model
	Propagation conditions
	EVA5 or EPA5

	
	Channel matrix model
	2x2 medium

	
	Beamforming Model 
	[B4.1 TS36.101] Single-layer random beamforming

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

	TDD specific
	Uplink downlink configuration
	1

	
	Special subframe configuration
	4

	
	ACK/NACK feedback mode
	Multiplexing

	External noise
	White or frequency selective
	Frequency selective

	
	Noc at antenna port
	-98dBm/15KHz

	Cell ID
	0

	Cyclic prefix
	Normal

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

	Reference receiver
	MRC

	Test metric
	1% BLER


5 Advanced test

In this section, we simply discuss the advanced tests for EPDCCH. Firstly we discuss the reference receiver for the advanced test and then we will shortly discuss the MU-MIMO test. For QCL test, we can wait for the outcome from CoMP QCL performance requirements.
5.1 Reference receiver for MU-MIMO scenario
In EPDCCH localized transmission, multi-user can be scheduled in the same EPDCCH resource, which could be called “EPDCCH MU-MIMO”. In this scenario, the different receiver algorithms will lead to the different performances. If UE knew the port of the paired user and perform the channel estimation on the port, UE can implement MMSE receiver which outperforms the MRC receiver. But as we pointed out before, for example, if four ECCE levels were assumed, there would be a lot of port combinations even for the two user multiplexed case. It would be difficult to implement MMSE receiver. 
But UE still can use some enhanced receiver to improve the performance (e.g., IRC). So it might be meaningful to define EPDCCH MU-MIMO performance requirements.

In Table 4, we compare the two receivers for EPDCCH.

Table 4 Comparison of three EPDCCH receivers
	Receiver
	Complexity
	performance

	MRC
	Lowest complexity
	less performance

	MMSE
	Most complexity, need blind detection of other paired DMRS ports.
	best performance


5.2 Test for EPDCCH MU-MIMO
If the group was happy to define EPDCCH MU-MIMO performance requirements, we suggest evaluating both two and four ECCE level cases and assuming that the same aggregation levels are used for multiplexed users for simplicity. For two ECCE case, only port 107/108 or 109/110 would be used, where it would be easier to enhance the performance. But for four ECCE level, the implementation would be quite challenging.
Proposal 4: as the second step, study the feasibility to define the performance requirements for multi-user localized transmission mode.
6 Summary
In this contribution, we firstly discuss the test cases and the framework for EPDCCH demodulation performance. The descriptions of relevant EPDCCH scenarios could be summarized in Table 1. Based on the discussion, we propose that:
Proposal 1: as the first step, define the requirements to verify the receiver performance for the distributed transmission and the single user localized transmission. 

Proposal 2: the test purposes are to verify EPDCCH performance on one or more antenna ports of 107~110 under both distributed transmission and single user localized transmission modes for FDD and TDD, and to verify rate matching around CRS, multiple CSI-RS and PDSCH.
Proposal 3: use 2×2 Low channel model as well as random beamforming model for the EPDCCH performance test.
Proposal 4: as the second step, study the feasibility to define the performance requirements for multi-user localized transmission mode.
The proposed basic test cases for the distributed transmission and localized transmission are summarized below:
Distributed mode

· 8 EREGs per ECCE,16 ECCE aggregation level without CSI-RS transmission; 

· DCI format 1;

· 2×2 Low antenna configuration, reusing the dual-layer random beamforming as defined in B4.2 TS36.101;
· EVA70 or ETU70 propagation;
· White external noise (AWGN).
Localized mode

· Single user;
· 4 EREGs per ECCE, 2 ECCE aggregation level with CSI-RS transmission
· DCI format 2;

· 2×2 medium antenna configuration, reusing the single-layer random beamforming as defined in B4.1 TS36.101
· Randomly determine ePDCCH resource allocation. 

· EVA5 or EPA5 propagation;
· Frequency selective external noise.
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