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1 Introduction

In the last meeting initial discussions on the performance requirements for ePDCCH started in RAN 4. The way forward agreed in RAN 4 66 [1] mentioned the following agreements:

· No impact on the existing PHICH, PCFICH, and PBCH demodulation requirements;

· No impact on CSI tests or measurements accuracy;

· No impact to the BS demodulation requirements;

· 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

· EPDCCH test;

· TDD configuration: Uplink/downlink configuration 0 or 1;

· Cyclic prefix: normal;

· TX EVM: 6%;

· Noc level: -98dBm/15KHz.

Additionally it was mentioned that the following aspects needed to be finalized in Chicago meeting.

· 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: 

· Companies are encouraged to provide the alternative solutions 
In this paper we provide a proposal for the parameterization of the tests we think are necessary to make sure that ePDCCH is working correctly in real scenarios. 

In order to progress the work it is important to first discuss the scenarios we want to prioritize in RAN4, then to decide the exact parameterization for the test set up. In the following we address these two aspects.
2 Scenarios
EPDCCH has been introduced with the following goals:
· Decouple control channel structure from the cell

· Enable novel deployments and antenna structures
(i.e. DMRS-based control)

The following scenarios could be considered to be of interest with EPDCCH:

· Homogeneous networks

· To support UE specific beamforming and better utilization of multiple antennas at the eNB
· To provide additional control channel capacity
· Heterogeneous networks

· To mitigate the interference problem when using legacy control channels, e.g. in non ABS subframe the legacy PDCCH may be hit by large interference coming from the aggressor cell.
· Shared cells

· To cope with control channel capacity limitations
· DL CoMP
· DMRS-based transmissions: the set of sites used is transparent to the UE
· Dynamic point selection for the control channel
· Low cost MTC

· Configurable control signal bandwidth 
Additionally ePDCCH is of interest in the context of new carrier type, in order to provide a control channel without using CRS. However NCT is currently being specified and this scenario could be covered via appropriate requirements when NCT work has progressed more.

We propose here to concentrate on scenarios which are based on CoMP and eICIC/FeICIC.
2.1 Scenario 1

We propose to consider CoMP scenario 4 as baseline for the first test. One of the prerequisite of CoMP is good feedback/CSI information. Hence this feedback could be exploited in order to use localized ePDCCH transmission.

Two TPs are present TP 1 and TP2, both transmitting CRSs/PSS/SSS in an SFN fashion. Without loss of generality let’s consider that TP 1 is the macro cell and TP 2 is the LPN. The UE is in the CRE region and TP2 is the only node transmitting PDSCH (offloading of the macro cell). TM10 is used for this test and two CSI-RSs are transmitted associated with TP1 and TP 2 respectively. The impairments due to QCL, in particular frequency error, can follow the agreements in the context of CoMP PDSCH (Note that for scenario 4 the frequency error should be lower than 200Hz to avoid too large losses in performance, e.g. 80Hz could be considered). A certain timing offset between the TP1 and TP2 is considered. Because of the delay of the LPN, TP2 has a timing offset of e.g. 1.5-2 mus  wrt TP1.  Propagation conditions for TP 1 and TP 2 are independent (e.g. EPA 5 and EVA 5). The ePDCCH is scheduled from either of the two EPDCCH sets independently with independent QCL assumptions (i.e associated with the CSI-RS of the corresponding TP). One set can be used as reference to define the performance requirement. 

Legacy PDCCH follows the CRS transmission (from TP 1 and TP 2).
Detailed test set up are provided in the following section in the column ‘Test 1’
Proposal 1: Introduce a test which mimics a CoMP scenario 4 according to the characteristics mentioned above.
2.2 Scenario 2

As second scenario we propose to consider a eICIC/FeICIC typical use case. For this test a robust distributed ePDCCH transmission is considered.
The UE is located in the CRE and the serving cell is the pico node. The serving cell transmits both PDCCH and ePDCCH for common search space and UE specific search space.  The macro node is the aggressor cell. In this case the interfering signal has high power compared to the wanted signal from the pico node.  The PDCCH will have certain performance which will follow what as specified in 36.101 already in the context of eICIC/FeICIC. However, the performance of PDCCH may be compromised for non ABS subframes. 
EPDCCH is not spanning the whole frequency bandwidth but it is distributed in up to N PRB pairs: it may happen that the aggressor cell will have overlapping or non overlapping PDSCH transmsission on ePDCCH (for example it can be non overlapping when PDSCH of the aggressor cell is not scheduled on the PRB pairs used for ePDCCH). In the test set up we can consider the case when ePDCCH is non overlapping. The goal would be to define performance requirements for ePDCCH and make sure that the UE reaches good performance also in non ABS subframes.  
Proposal 2: Introduce a test which mimics typical eICIC/FeICIC scenario according to the characteristics mentioned above.
3 PDCCH Test set up for link level simulations
Table 1. Test set up
	Test #
	1 (CoMP)
	2 (eICIC)

	Number of cells
	2
	2

	DCI format ()
	DL scheduling grant transmitted for testing purposes, DCI may depend on the aggregation level
	DL scheduling grant transmitted for testing purposes, DCI may depend on the aggregation level

	PDSCH TM of the serving cell
	Serving TP, TP2:TM10
	Serving Cell TM3 

	PDSCH for interfering cell

	NA, TP1 does not transmit PDSCH
	Non overlapping case: PDSCH of the interfering cell is not present. 

	Precoding granularity
	Subband based, 1ms
	NA

	ePDCCH Transmission type
	Localized
	Distributed

	ePDDCH scheduling
	It can not be scheduled in PRB pairs containing PBCH,PSS,SSS or in special subframes that do not support DMRS


	It can not be scheduled in PRB pairs containing PBCH,PSS,SSS or in special subframes that do not support DMRS



	EPDCCH Precoding
	Random 
	Random or an alternative to random precoding  which is network implementation specific, one could consider the identity matrix so that AP107 maps to one antenna always, and AP109 maps to the other antenna

	PDSCH Rank 
	Single layer transmission
	2

	Cell specific RSs ports
	0, 1
	0,1

	CSI-RS ports
	15, ..18
	NA

	CSI-RS periodicity and subframe offset TCSI-RS / ICSI-RS
	5ms/TBD Subframe offset can be different for different processes
	NA

	Noc
	-98
	-98

	Modulation
	QPSK (coding rate depends on ePDCCH parametrization)
	QPSK (coding rate depends on ePDCCH parametrization)

	Downlink power allocation
	TBD
	TBD

	Cell ID
	0 for TP 1,0 for TP2, shared cell
	0, 1

	Channel bandwidth
	10 or 20MHz
	10 or 20MHz

	Duplex mode
	Requirements should be defined for both FDD TDD
	Requirements should be defined for both FDD TDD

	CSI-RS configuration
	2 CSI-RS processes, each CSI-RS associated to  one of the TPs . 
	NA

	ePDCCH # of sets
	2 independent sets, both localized or one localized and one distributed
	2 (both distributed)

	QCL
	Yes, Behaviour B, each ePDCCH set associated to a CSI-RS through via a PQI state 
	No (Behaviour A considered)

	Subframe configuration
	Non MBSFN
	non-MBSFN  

	eREG
	9REs
	9Res

	eCCE
	4eREG
	4 eREG

	ABS
	NA
	No

	UL-DL configuration (TDD only)
	0
	0

	Special SF configuration (TDD only)
	2
	2

	CP type
	Normal
	Normal

	Start of the ePDCCH
	Via RRC signaling, in PQI state
	Following PCFICH

	CFI, PDCCH #symbols
	2
	2

	
	
	

	PDSCH of the wanted cell
	Full bandwidth (taking into account the EPDCCH)
	Full bandwidth(taking into account EPDCCH)

	Number of PRBs in ePDCCH set
	4 for one set and 8 for the second set
	4

	Overlapped sets?
	No(overlapping is not likely for these bandwidth)
	No (overlapping is not likely for these bandwidth)

	Aggregation level
	Static*: 1, 2, 4, 8 (for available REs>=104); 2, 4, 8, 16 (for available REs<104)
	Static*: 1, 2, 4, 8, 16 (for available REs>=104); 2, 4, 8, 16, 32 (for available REs<104)

	monitoring SF configuration**
	TBD
	TBD

	Antenna configuration
	4x2 for FDD,  8x2 for TDD
	2x2

	propagation channel
	EPA5, EVA5 different for different TPs
	EPA5,/EVA5

	antenna correlation matrix
	low correlation
	low correlation,

	Timing error 
	1-5musec, 2musec
	3musec

	Frequency error
	50Hz-80Hz
	300 Hz


*The possible amount of aggregation level depends on the number of available RE per PRB pair, which varies from subframe to subframe (depending on PCFICH and on presence of CSI-RS). In the case of 2 CRS ports and 2 PDCCH symbols, there are 108 available RE per PRB pair. The threshold defined in RAN 1 is 104 REs. If CSI-RS is present in the subframe the amount of REs available for ePDCCH is reduced, then the used set of aggregation levels may change, e.g. between 1,2,4,8 to 2,4,8,16. In order to have a static AL, the AL should be selected among the common set. But the performance will change (will be reduced) when CSI-RS is present. 
** Specify monitoring SF configuration at least in one test to verify the capability of the UE to switch between UE specific search space detection on ePDCCH and PDCCH.
3.1 Metric for link level simulations

It was already agreed to use the same performance metric as for legacy PDCCH. Hence it is recommended that companies provide simulation results in terms of downlink scheduling grant miss detection probability vs ePDCCH SNR.

Additioanlly, considering the discussion on the aggregation levels in the previous section, RAN 4 has to discuss whether to consider the performance averaged over all the subframes or whether CSI-RS subframes should be avoided.
4 Conclusions

In this paper we discuss the scenarios which we think need to be prioritized when defining test set up for ePDCCH, taking into account the reasons why ePDCCH feature has been introduced. The two main scenarios to be considered are Comp Scenario 4 and eICIC/FeICIC when ePDCCH brings scheduling information in non ABS subframes.

Additionally we have provided information on the detailed test set up, keeping in mind the scenarios discussed above.
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