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1. Introduction

In the previous RAN4 WG meetings it was agreed that the following EPDCCH demodulation tests should be defined:
· Test 1: Distributed Test with Random beam forming;

· Test 2: Localized Test and non-QCL;

· Test 3: Localized Test with QCL Type B configuration and TM10.

The Distributed EPDCCH demodulation tests parameters and some of the Localized tests parameters were agreed in the previous meetings [1], [2]. In this paper we share our views on the remaining details of the Localized EPDCCH demodulation test scenarios.

2. Discussion
2.1 Test 2: Localized EPDCCH + TM 9 test

EPDCCH starting symbol

With respect to the EPDCCH starting symbol it was previously agreed that [1, 2]:

Starting symbol is decided by RRC signalling and CFI = 1.
Note: epdcch-StartSymbol-r11 for non-TM10 and using pdsch-Start-r11 for TM10.
However, the agreement on the exact value of EPDCCH starting symbol was not reached. To ensure verification that UE follows RRC signalling, the EPDCCH starting symbol should be chosen to be different from the value signalled in the CFI. So, the EPDCCH starting symbol # 2 (third symbol) can be used for these purposes.
Proposal 1:
EPDCCH starting symbol # 2 (third symbol) is used for Localized EPDCCH tests.

EPDCCH subframe monitoring pattern

The EPDCCH subframe monitoring pattern is used to configure subframes for EPDCCH USS monitoring. In the remaining subframes the UE should perform monitoring of the PDCCH USS. This pattern is higher layer configured on a per-UE basis. If the considered pattern is not configured, then by default UE should monitor the EPDCCH USS in all subframes except for pre-defined rules in TS 36.213. 

In the previous meetings it was agreed that EPDCCH subframe monitoring pattern needs to be configured for the Localized EPDCCH tests, however, it was also noted that further discussions may be needed on the EPDCCH subframe monitoring test details. Furthermore, a specific testing methodology was proposed [2]: “EPDCCH sent on every subframe and the HARQ is monitored separately on these two sets: Monitored and non-monitored subframes”.

In our view the correct UE implementation with respect to EPDCCH subframe monitoring pattern behaviour should be tested. The goals of the considered test are to verify that UE follows the EPDCCH subframe pattern and in particular to ensure that UE: 1) monitors EPDCCH USS in one set of subframes, and 2) monitors PDCCH USS in the remaining subframes. The methodology above (i.e. “EPDCCH sent on every subframe”) cannot allow verification that UE also monitors PDCCH USS and hence another approach should be adopted.
To enable EPDCCH subframe monitoring testing, a part of subframes should be configured to have EPDCCH based DCI transmission and the remaining subframes should have PDCCH based EPDCCH transmission. For instance, one subframe per frame may be used for PDCCH USS monitoring and the remaining subframes configured for EPDCCH USS monitoring. The PDCCH and EPDCCH DL grant miss detection rates should be separately measured and separate additional requirements should be specified for the PDCCH based DCI miss detection. One of possible approaches to organize this is to apply high AL for PDCCH transmission. Assuming that low ECCE ALs will be applied for the Localized EPDCCH tests which have operation point at rather high SNRs, the PDCCH based DCI miss detection will be ~0%. In this case the respective PDCCH miss detection requirement may be chosen to be slightly above this level.

Proposal 2:
EPDCCH subframe monitoring pattern functionality is verified in the Localized EPDCCH demodulation tests. The EPDCCH and PDCCH are transmitted in accordance to the EPDCCH subframe monitoring pattern and the demodulation performance of both channels is analysed. The large PDCCH AL is used.
Precoding model for Localized EPDCCH

The precoding model for the Localized EPDCCH tests has not been agreed and two main options were considered: random precoding and wideband PMI closed-loop beamforming model.

Localized EPDCCH is expected to be used when accurate CSI is available. The eNodeB may apply UE specific precoding and frequency selective scheduling to enhance performance of the EPDCCH transmissions. However, the beamforming applied at the transmitter part is transparent in terms of UE EPDCCH receive processing. Additionally, the actual CSI reporting is not impacted by EPDCCH and legacy CSI reports are used for EPDCCH transmissions optimization. Furthermore, the simulation results show that using wideband closed-loop PMI precoding allows achieving limited performance improvement over random beamforming model for Localized EPDCCH (see Figure 1). In particular the performance gains are 1.2 and 1.8 dB for AL 8 and 2, respectively.
So, from the test perspective the advantages of using closed-loop beamforming are not well clear. At the same time using closed-loop beamforming approach may add unnecessary complexity in the test setup (e.g. testing over multiple antenna configurations) and will complicate performance results alignment. So, random beamforming model is proposed to be adopted.

Observation 1:
Using wideband closed-loop PMI precoding allows achieving limited performance gains over random beamforming model for Localized EPDCCH.
Proposal 3:
Random beamforming model is used for the Localized EPDCCH tests.
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Figure 1. Precoding model impact on the Localized EPDCCH demodulation performance
CSI-RS, ZP CSI-RS parameters

The EPDCCH transmission is rate-matched over CSI-RS and ZP-CSI-RS resources. The Distributed EPDCCH test does not include verification of this of functionality. The Localized EPDCCH tests assume using DMRS based PDSCH TM9 and 10 which are based on the CSI-RS based feedback. So, it is reasonable to include the respective functionality in the Localized EPDCCH test and configure CSI-RS and ZP-CSI-RS transmissions. 
The periodicity of CSI-RS should be chosen small enough in order to guarantee that wrong rate matching assumptions will penalize the average EPDCCH demodulation performance. For instance, 5ms periodicity CSI-RS may be configured. The CSI-RS and ZP-CSI-RS may be configured in the same subframes.
The EPDCCH code rates may vary depending on the presence of CSI-RS and ZP-CSI-RS in the subframes. Furthermore, in case of low ALs the code rates among different EPDCCH candidates in one subframe with CSI-RS resource may also vary. However, the code rate variation is relatively small (< 0.05 for AL2 and < 0.01 for AL8) and the performance difference between the subframes with and without CSI-RS transmissions is ~ 0.2 – 0.3 dB (see Figure 2). So, the final EPDCCH analysis may include averaging over all subframes. At the same time for alignment purposes the performance for subframes without CSI-RS resources may be analysed.
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Figure 2. CSI-RS impact on Localized EPDCCH demodulation performance
Observation 2:
For Localized EPDCCH tests the EPDCCH demodulation performance difference for subframes with and without CSI-RS and ZP-CSI-RS is 0.2 – 0.3 dB.

Proposal 4:
CSI-RS and ZP-CSI-RS are configured for Localized EPDCCH tests. The EPDCCH performance is measured on all subframes (with and without CSI-RS/ZP-CSI-RS resources).

Summary
Below in Table 1 we provide the summary of the proposed Test 2 parameters (new and non-agreed parameters are highlighted in grey).
Table 1. Parameters for EPDCCH demodulation Test 2
	Parameter
	EPDCCH Localized + TM9 test

	Performance metrics
	DL scheduling grant miss detection probability

	Performance requirement
	SNR required to achieve 1% DL scheduling grant miss detection probability

	Bandwidth
	10 MHz

	Cyclic Prefix
	Normal

	Duplexing 
	FDD, TDD

	TDD parameters
	UL/DL configuration
	0

	
	Special SF configuration
	1

	Tx EVM
	6% 

	Noc
	-98 dBm/15khz

	Unused REs and PRBs
	OCNG for all unoccupied REs including unused EPDCCH REs

	Power allocation
	ρA= -3 dB, ρB = -3 dB, ( = 0 dB, EPDCCH_RA = 0 dB, EPDCCH_RB = 0 dB

	Antenna configuration
	2x2 Low

	Propagation conditions
	EVA5

	Cell ID
	0

	PDSCH transmission mode
	TM9

	DCI format
	DCI format 2C

	CRS configuration
	Port {0, 1}

	CSI-RS Periodicity and subframe offset TCSI-RS / ∆CSI-RS
	5 / 0

	CSI-RS configuration
	0

	ZP CSI-RS Configuration ICSI-RS
	3

	ZP CSI-RS Bitmap
	1000000000000000

	EPDCCH Starting Symbol
	Signalled via higher layers (epdcch-StartSymbol-r11).

EPDCCH start symbol is #2. CFI = 1.

	ECCE Aggregation Level
	· 2 ECCEs
· 8 ECCEs

	Number of EREGs per ECCE
	· FDD: 4

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

	Number of EPDCCH Sets
	2 overlapping EPDCCH sets (one distributed and one localized set)

(EPDCCH set #0: Localized, EPDCCH set #1: Distributed)

	Number of PRB pair per EPDCCH
	8 for localized and 2 for distributed

EPDCCH set #0: 8

EPDCCH set #1: 2

	EPDCCH PRB pair allocation
	Uniformly distributed across the bandwidth

EPDCCH Set #0: PRB pairs # 0, 7, 14, 21, 28, 35, 42, 49

	EPDCCH scheduling
	Fixed EPDCCH set index is 0

EPDCCH candidate is randomly assigned in each subframe 

	EPDCCH pre-coding
	Random beamforming model similar to DM-RS based PDSCH demodulation tests 

	EPDCCH precoder update granularity
	1 EPDCCH PRB pair; 1 ms

	EPDCCH monitoring SF configuration
	Monitor PDCCH together with EPDCCH,

1 subframe per frame is configured for PDCCH monitoring, EPDCCH is monitored in the remaining subframes,

EPDCCH and PDCCH performance are separately measured,

High AL is applied for PDCCH transmission (e.g. 8 CCE)


2.2 Test 3: Localized EPDCCH + TM 10 test

In accordance to the previous agreements the Test 2 should be applied to the UEs without DL CoMP capabilities, while Test 3 is applicable for UEs with such capabilities. In general, the parameters for these two tests should well aligned except for CoMP transmission specific parameters. So, the same considerations on the precoding model, EPDCCH subframe monitoring pattern, and EPDCCH start OFDM symbol as described in Section 2.1 for Test 2 are also applicable for Test 3. Further in this section we mainly address the DL CoMP specific test setup aspects.
Test purposes
Along with general EPDCCH demodulation test purpose the main goals of the Test 3 should be aligned with DL CoMP test purposes [3] and enable verification of the following UE implementation aspects:

· Correct EPDCCH rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS;

· Correct timing and frequency offset compensation for EPDCCH;

· Correct channel parameters estimation (e.g. delay spread, PDP) for EPDCCH demodulation;

· Correct EPDCCH starting symbol deriving procedure.
Test setup
Comparing to the PDSCH, the EPDCCH quasi-colocation parameters are configured in a semi-static manner on a per EPDCCH set basis. In general case, if UE is configured with two EPDCCH sets, the EPDCCH DPS can be used to improve the network performance (with EPDCCH being transmitted from different TPs in a dynamic way). At the same time, the Test 3 is considered to be applicable to both feature groups 7-0 and 7-1. From the test design perspective it is beneficial to define a single test for both feature groups. Meanwhile, the feature group 7-0 assumes a single CSI process and thus does not support DPS functionality.
Hence, a simplified test setup with EPDCCH being transmitted from one of the TPs can be considered. The test setup should include two transmissions points: TP1 which is a serving cell used for synchronization purposes and TP2 which is used for the actual EPDCCH transmission. The UE is configured with two EPDCCH sets and the semi-statically configured Localized EPDCCH set quasi-colocation parameters refer to the TP2 (CRS, CSI-RS/ZP-CSI-RS).
Proposal 5:
For Test 3 two TPs are used in the test setup: TP1 is the serving cell and TP2 is used for the EPDCCH transmission. EPDCCH transmission DPS is not used.
Time and frequency offset values

To check correct demodulation performance, realistic time and frequency offset values between the TP1 and TP2 should be applied in way to penalize wrong UE implementation. The DL CoMP WI parameters (2µs time and 200Hz frequency offset) were agreed to be used for these purposes. However, it was also noted that further discussion may be needed on whether any modifications of the respective values for EPDCCH tests are needed and whether a time and frequency offsets should be tested jointly or separately.
In Figure 3 we illustrate the EPDCCH performance in case of no time/frequency offsets and the case of practical time/frequency offsets along with using Behaviour A and B receivers. The results indicate that following Behaviour A in case of using practical time and frequency offsets significantly penalizes the EPDCCH performance. Meanwhile, in case of following the TP2 QCL signalling the time and frequency offset can be almost completely compensated.
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Figure 3. Time/Frequency offset impact on the Localized EPDCCH demodulation performance
Proposal 6:
For Test 3 a single setup is used to verify correct time and frequency offset compensation functionality.

Cell ID configuration 

The DL CoMP framework includes tests based on CoMP scenario 4 (same Cell ID) and CoMP scenario 3 (different Cell ID). The CoMP scenario 3 tests are further divided into colliding and non-colliding CRS scenarios. The baseline DL CoMP functionality is verified in the DL CoMP tests and for EPDCCH there is no need to duplicate all the possible scenarios. The DL CoMP scenario 4 is not used to verify frequency offset compensation, so if both timing and frequency offsets are decided to be verified jointly, the DL CoMP scenario 3 is a reasonable choice. For the CoMP scenario 3 in case of using colliding CRS, the correct EPDCCH rate matching over TP2 CRS cannot be verified, hence non-colliding CRS scenario is suggested to be used for EPDCCH testing.
Proposal 7:
For Test 3 the CoMP scenario 3 with non-colliding CRS is considered.

Power imbalance
To reduce the number of potential tests the equal TP1 and TP2 power setup is suggested without loss of generality. Alternatively, different TP power offset values can be considered for different EPDCCH ALs.
Proposal 8:
For Test 3 the equal TP1 and TP2 power setup is considered.

Summary
Below in Table 2 we provide the summary of the proposed Test 3 parameters which differ from the Test 2 parameters.
Table 2. Parameters for EPDCCH demodulation Test 3
	Parameter
	TP1
	TP2

	Cell ID
	0
	1

	PDSCH transmission
	Blanked
	OCNG

	EPDCCH transmission
	Blanked
	Fixed at TP2 
(Localized EPDCCH set)

	Channel model 
	EVA-5Hz
	EVA-5Hz

	Antenna configuration
	2x2 Low
	2x2 Low

	SNR (seen at UE receiver)
	SNRTP2 + CdB, C=0dB
	SNRTP2

	Cell-specific reference signals
	Port {0,1}
	Port{0,1}

	CSI reference signals
	NA
	Port {15,16}

	CSI-RS Periodicity and subframe offset TCSI-RS / ∆CSI-RS
	NA
	5/2 (FDD)

	CSI-RS configuration
	NA
	0

	ZP CSI-RS Periodicity and subframe offset TCSI-RS / ∆CSI-RS
	NA
	5/2 (FDD)

	ZP CSI-RS configuration
	NA
	2

	Time offset (us)
	0
	2

	Frequency offset (Hz)
	0
	200


2.3 DCI contents and size

It was previously agreed to use DCI Formats 2A, 2C and 2D for EPDCCH demodulation Tests 1, 2 and 3 respectively. At the same time the exact sizes of the DCI is not fixed and depends on the system configuration. To resolve potential ambiguity we propose to agree on the following assumptions:

· Carrier indicator field is not present;

· SRS request field is not present in DCI Format 2C and 2D.

The resulting DCI sizes are summarized in the Table 3.
Table 3. DCI Format summary

	Test
	DCI Format
	DCI size, bits

	
	
	FDD
	TDD

	Distributed EPDCCH
	2A
	42
	45

	Localized EPDCCH + TM9
	2C
	44
	47

	Localized EPDCCH + TM10
	2D
	46
	49


3. Conclusions

In this contribution we have provided our views on the remaining details of EPDCCH demodulation test scenarios and proposed the corresponding test parameters. In summary, we make the following observations and proposals:

Observation 1:
Using wideband closed-loop PMI precoding allows achieving limited performance gains over random beamforming model for Localized EPDCCH.

Observation 2:
For Localized EPDCCH tests the EPDCCH demodulation performance difference for subframes with and without CSI-RS and ZP-CSI-RS is 0.2 – 0.3 dB.

Proposal 1:
EPDCCH starting symbol # 2 (third symbol) is used for Localized EPDCCH tests.

Proposal 2:
EPDCCH subframe monitoring pattern functionality is verified in the Localized EPDCCH demodulation tests. The EPDCCH and PDCCH are transmitted in accordance to the EPDCCH subframe monitoring pattern and the demodulation performance of both channels is analysed. The large PDCCH AL is used.

Proposal 3:
Random beamforming model is used for the Localized EPDCCH tests.

Proposal 4:
CSI-RS and ZP-CSI-RS are configured for Localized EPDCCH tests. The EPDCCH performance is measured on all subframes (with and without CSI-RS/ZP-CSI-RS resources).

Proposal 5:
For Test 3 two TPs are used in the test setup: TP1 is the serving cell and TP2 is used for the EPDCCH transmission. EPDCCH transmission DPS is not used.
Proposal 6:
For Test 3 a single setup is used to verify correct time and frequency offset compensation functionality.

Proposal 7:
For Test 3 the CoMP scenario 3 with non-colliding CRS is considered.

Proposal 8:
For Test 3 the equal TP1 and TP2 power setup is considered.
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