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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 TM 9 (non-QCL);

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

The majority of Test 1 (Distributed EPDCCH) and Test 2 (Localized Test and TM 9 non-QCL) parameters are already agreed [1], [2] and the respective alignment simulation results were collected in the RAN4 #68bis meeting [3]. The baseline aspects of the Test 3 setup were decided in the previous meeting, while many parameters are still under discussion [4].

In this paper we share our views on the remaining details of the EPDCCH demodulation test scenarios and provide alignment and impairments results for all agreed EPDCCH demodulation tests.
2. Discussion on the remaining details of test scenarios
2.1 EPDCCH subframe monitoring

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 subframe 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 our view the purposes of EPDCCH subframe monitoring functionality testing should include verification that:

(1) EPDCCH USS is monitored in the EPDCCH allowed subframes
(2) EPDCCH USS is not monitored in the EPDCCH restricted subframes

(3) PDCCH USS is monitored in the EPDCCH restricted subframes

(4) PDCCH USS is not monitored in the EPDCCH allowed subframes

In the previous meeting it was agreed that EPDCCH subframe monitoring pattern functionality verification is included in Test 2 [5]:

Subframe monitoring is tested in that DCI 2C (TM9) test, which is common for all UE capabilities (either agg.2 or agg.8). Preliminarily use Method 1 by Broadcom (R4-135416), to be confirmed in the next meeting

The considered test Method 1is defined as follows [6]:
EPDCCH is scheduled in every DL subframe, but the UE is configured with the monitoring subframes to limit the number of subframes, where the UE monitors UE-specific search space on EPDCCH. Legacy PDCCH is not scheduled. Based on the HARQ information, it can be detected, if the UE does not follow the RRC-configuration and reports ACK or NACK from restricted subframes. Correctly behaving UE would not report anything (=statDTX) from restricted subframes. EPDCCH BLER can be calculated based on the HARQ information from the allowed EPDCCH subframes, hence, no additional test runs are required.

The proposed test method provides functionality to fulfil the test purposes (1) and (2). Assuming that EPDCCH subframe monitoring functionality is also verified in the PDSCH tests [7] which cover test purpose (1) and (3), the functionality is almost completely covered by these two tests. The test purpose (4) is not covered by both tests, however, such situation is unlikely to happen and will not have impact on the performance if UE applies correct processing in accordance the remaining purposes (1)-(3). So, assuming these arguments and limited WI timelines the proposed test method is acceptable.
The considered test method assumes that the EPDCCH performance should be measured separately in different subframes in accordance to the EPDCCH subframe monitoring pattern. In the EPDCCH allowed subframes the general performance requirements should be applied (i.e. 1% downlink scheduling grant miss detection), while for the EPDCCH restricted subframes it is important to check that UE does not monitor EPDCCH which can be checked by verifying the absence of the of the respective PUSCCH A/N feedback (i.e. statDTX in the corresponding A/N resources). In the ideal case 100% statDTX rate requirement should be applied. However, assuming possible false alarm, the relaxed requirements can be used and the relaxation amount should be based on test equipment vendors feedback.

Proposal 1:
Use Method 1 for EPDCCH subframe monitoring testing [6]. The statDTX ratio metric is used to measure the absence of EPDCCH monitoring in the restricted subframes. Further discuss whether relaxed statDTX requirements (i.e. not 100%) are needed to take into account possible false alarm (based on test equipment vendors feedback).
2.2 Test 3: Localized EPDCCH + TM 10 test

In the previous meeting a good progress on the definition of the Test 3 (Localized EPDCCH with TM10 QCL) parameters was reached [4], [8] and the general agreements can be summarized as follows:

· Test 3a: Fixed Tx-point transmission test with 1 PQI state (used for CoMP UE 7-0)
· Test 3b: DPS test with 2 PQI states (used for CoMP UE 7-1)

· CoMP Scenario 3 with colliding CRS is used

· 0 dB power imbalance between the TPs is assumed
· The two localized EPDCCH sets which are scheduled by different TPs with different PQI states for each TP.
· Whether to use combined test points or two different requirements for DPS will be decided later.

However, not all test details are decided and need to be further discussed:
· EPDCCH PRB allocation

· EPDCCH ALs

· DPS performance requirements
· CRS-IC applicability

EPDCCH PRB allocation
It was agreed to use two localized EPDCCH sets for Test 3, each associated with different TP. At the same time the details of the exact PRB pairs allocation were not decided. The agreed Test 1 and Test 2 cover scenarios of non-overlapping and partially overlapping EPDCCH sets, respectively. To increase the EPDCCH functionality coverage we propose to consider the scenario of two fully overlapping localized EPDCCH sets for Test 3. Besides that, it is also important to keep good frequency diversity of EPDCCH allocation and hence uniform EPDCCH PRB pair allocation adopted in Test 2 can be reused (i.e. PRB pairs # 0, 7, 14, 21, 28, 35, 42, 49).
Proposal 2:
For Test 3 use two fully overlapping localized EPDCCH sets with 8 PRB pairs (# 0, 7, 14, 21, 28, 35, 42, 49).

EPDCCH ALs

The EPDCCH ALs to be used for Test 3 were not agreed and ALs 2 and 8 are considered as potential candidates [5]. In our view, the EPDCCH AL should be chosen in a way to allow easy differentiation of the correct and wrong UE behaviours.
In Figure 1 we provide the comparison of the EPDCCH demodulation performance for Test 3a assuming three cases: 
1) No time/frequency offset, 
2) 2us time and 200Hz frequency offset + QCL Behaviour A (wrong behaviour), and 
3) 2us time and 200Hz frequency offset + QCL behaviour B (correct behaviour). 
The simulation results indicate that the performance gap between the wrong and correct UE behaviour is substantially larger for the case of using EPDCCH AL 2 comparing the case of using AL 8. Thus EPDCCH AL 2 is recommended to applied for Test 3.
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Figure 1. Test 3a EPDCCH demodulation performance
Proposal 3:
Use EPDCCH AL 2 for Test 3.

DPS performance requirements

In the previous meeting the question on whether to use same or different requirements for Test 3b (DPS) for two TPs was raised. In Figure 2 we illustrate the EPDCCH demodulation performance separately for TP1 and TP2 (TP2 has 2us time and 200Hz frequency offset, while TP1 is serving cell without any offsets; for both TPs the time and frequency offsets are measured based on QCL signalling assumptions). The simulation results show that in case of using same ALs there is a marginal performance difference between the TP1 and TP2 EPDCCH demodulation performance. Additionally, we compare the performance in case of using different channel models for TP1 and TP2 (EVA5 and EPA5). In the latter, case ~1 dB performance difference is observed between the requirements for different TPs, however this difference alone still does not allow easy differentiation of two TPs from the requirements perspective. So, to introduce separate requirements other alternatives need to be considered (e.g. using different ALs or different power levels for different TPs), all of which require further discussion and study by the WG. Assuming limited WI timelines, we prefer to keep current agreements and use averaged performance requirements for TP1 and TP2.
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Figure 2. Test 3b EPDCCH demodulation performance for different TPs
Proposal 4:
Use same requirements for two TPs for Test 3 DPS scenario.

CRS-IC applicability

For Test 3, CoMP Scenario 3 with colliding CRS is considered. In the DL CoMP WI for the CoMP Scenario 3 with colliding CRS th
e test without CRS-IC is defined (Test 2-A [9]). For both EPDCCH and CoMP WIs identical receive algorithms for time/frequency offset estimation need to be considered and thus similar approach should be adopted for EPDCCH tests. Additionally, as shown in Figure 1 the current EPDCCH Test 3 setup results in relatively small performance difference between the cases of no time/frequency offset and the case of realistic offset with behaviour B algorithms. So, the room for further performance improvement due to CRS-IC is rather limited and the cases of using and not using CRS-IC cannot be easily differentiated.

Proposal 5:
CRS-IC is not mandated for the EPDCCH demodulation Test 3.

Summary

The summary of proposed Test 3 parameters in provided in Table 8 in the Annex.

2.3 Test case applicability

In the previous meetings the test case applicability was discussed and a number of agreements were reached [5] with two possible alternatives being identified. In our view EPDCCH AL 2 is more suitable for QCL testing, so we support Alternative 1 test case applicability. In Table 1 we summarize the EPDCCH demodulation test case applicability depending on the UE capabilities.
Table 1. EPDCCH test case applicability
	UE Capability
	Test 1

Distributed EPDCCH
	Test 2

Localized EPDCCH + TM9
	Test 3

Localized EPDCCH + TM10 QCL

	
	
	
	Test 3a: Fixed Tx point
	Test 3b: DPS

	Non-TM10 UE
	AL 4 and 16
	AL 2 and 8
	NA
	NA

	TM10 UE 7-0
	AL 4 and 16
	AL 8
	AL 2 
	NA

	TM10 UE 7-1
	AL 4 and 16
	AL 8
	NA
	AL 2


Proposal 6:
Agree on the EPDCCH test case applicability as defined in Table 1.
2.4 Unused REs and PRBs
In the previous meeting it was proposed to use OCNG for the PRBs not occupied by the EPDCCH [10] which is in line with the general RAN4 WG test methodology. Meanwhile, the presence of other signals in the EPDCCH PRB pairs was not addressed and needs to be further discussed.

· EPDCCH data REs. In practical networks not all REs in the EPDCCH PRB pairs may be occupied by the EPDCCH transmission (i.e. partial loading scenario). However, the exact model may be difficult to derive and we propose to assume the worst case scenario that all EPDCCH REs are occupied by random QPSK symbols.

· EPDCCH DMRS REs. Certain assumptions on the EPDCCH presence on the DMRS REs corresponding to different EPDCCH APs also need to be made. Assuming that MU-MIMO scenario was previously denied by the WG, either presence of DMRS signals with same DMRS sequence or no DMRS signal presence on non-scheduled APs may be considered. No performance difference is expected for both cases, so the latter one is preferable from the complexity perspective.
Proposal 7:
Unused EPDCCH REs are occupied by random QPSK symbols. The signals for unused EPDCCH DMRS REs and APs are not present.
2.5 DCI contents and sizes

It was previously agreed to use DCI Formats 2A, 2C and 2D for the EPDCCH demodulation Tests 1, 2 and 3, respectively. At the same time the exact sizes of the DCI are not fixed and depend 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 2.

Table 2. DCI Format summary

	Test
	DCI Format
	DCI size, bits

	
	
	FDD
	TDD

	Test 1
	2A
	42
	45

	Test 2
	2C
	44
	47

	Test 3
	2D
	46
	49


Proposal 8:
For EPDCCH tests Carrier indicator and SRS request fields are not present in the DCI and DCIs have following sizes:
· Format 2A: 42 bits for FDD and 45 bits for TDD;

· Format 2C: 44 bits for FDD and 47 bits for TDD;

· Format 2D: 46 bits for FDD and 49 bits for TDD.

3. Simulation results

3.1 Test 1: Distributed EPDCCH

The Test 1 (Distributed EPDCCH) parameters are based on the agreements in [1-2] and are summarized in Table 6 in the Annex. The simulation results for FDD and TDD duplexing modes are illustrated in Figure 3 and the summary of SNR values required to achieve 1% DL scheduling grant DCI miss detection probability is provided in Table 3 for the cases with and without impairments.
Table 3. Test 1 – SNR required to achieve 1% DL scheduling grant DCI miss detection probability, [dB]

	Impairments
	Duplexing mode
	ECCE AL

	
	
	AL 4
	AL 16

	No
	FDD
	0.90
	-5.18

	
	TDD
	1.01
	-4.90

	Yes
	FDD
	2.40
	-3.68

	
	TDD
	2.51
	-3.40
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	Figure 3. Test 1 EPDCCH demodulation performance (no impairments)


3.2 Test 2: Localized EPDCCH + TM9

The Localized EPDCCH + TM9 tests simulation parameters are based on the previous RAN4 WG agreements in [1], [2], [4]. The tests parameters are summarized in Table 7 in the Annex. The simulation results for FDD and TDD duplexing modes are illustrated in Figure 4. The summary of SNR values required to achieve 1% DL scheduling grant DCI miss detection probability is provided in Table 4 for the cases with and without impairments.
Table 4. Test 2 – SNR required to achieve 1% DL scheduling grant DCI miss detection probability, [dB]

	Impairments
	Duplexing mode
	ECCE AL

	
	
	AL 2
	AL 8

	No
	FDD
	10.22
	0.46

	
	TDD
	10.76
	0.20

	Yes
	FDD
	11.72
	1.96

	
	TDD
	12.26
	1.70


	[image: image4.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10 12

10

-2

10

-1

10

0

DCI miss detection

 probability

SNR, dB

 

 

AL2, FDD

AL2. TDD

AL8, FDD

AL8, TDD



	Figure 4. Test 2 EPDCCH demodulation performance (no impairments)


3.3 Test 3b: Localized EPDCCH + TM10 QCL (fixed TP)
The Localized EPDCCH + TM10 tests simulation parameters were not completely agreed in the previous meetings. Below in Figure 5 we illustrate Test 3b EPDCCH demodulation performance for FDD mode in accordance to the parameters provided in Table 8 in the Annex. The summary of SNR values required to achieve 1% DL scheduling grant DCI miss detection probability is provided in Table 5. No impairments results are provided, since further tests parameters alignments is still needed.
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	Figure 5. Test 3b EPDCCH demodulation performance (no impairments)


Table 5. Test 3b – SNR required to achieve 1% DL scheduling grant DCI miss detection probability, [dB] (FDD, no impairments)

	ECCE AL

	AL 2
	AL 8

	10.92
	0.78


4. Conclusions

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

Proposal 1:
Use Method 1 for EPDCCH subframe monitoring testing [6]. The statDTX ratio metric is used to measure the absence of EPDCCH monitoring in the restricted subframes. Further discuss whether relaxed statDTX requirements (i.e. not 100%) are needed to take into account possible false alarm (based on test equipment vendors feedback).
Proposal 2:
For Test 3 use two fully overlapping localized EPDCCH sets with 8 PRB pairs (# 0, 7, 14, 21, 28, 35, 42, 49).

Proposal 3:
Use EPDCCH AL 2 for Test 3.

Proposal 4:
Use same requirements for two TPs for Test 3 DPS scenario.

Proposal 5:
CRS-IC is not mandated for the EPDCCH demodulation Test 3.

Proposal 6:
Agree on the EPDCCH test case applicability as defined in Table 1.

Proposal 7:
Unused EPDCCH REs are occupied by random QPSK symbols. The signals for unused EPDCCH DMRS REs and APs are not present.

Proposal 8:
For EPDCCH tests Carrier indicator and SRS request fields are not present in the DCI and DCIs have following sizes:

· Format 2A: 42 bits for FDD and 45 bits for TDD;

· Format 2C: 44 bits for FDD and 47 bits for TDD;

· Format 2D: 46 bits for FDD and 49 bits for TDD.
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Annex – Test parameters
Table 6. Test 1 (Distributed EPDCCH) parameters
	Parameter
	Test 1: Distributed EPDCCH

	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= 0 dB, ρB = 0 dB, ( = -3 dB, EPDCCH_RA = 0 dB, EPDCCH_RB = 0 dB

	Antenna configuration
	2x2 Low

	Propagation conditions
	· EVA70: the test with ECCE aggregation level 16

· EVA5: the test with ECCE aggregation level 4

	Cell ID
	0

	PDSCH transmission mode
	TM3

	DCI format
	DCI format 2A (FDD – 42 bits, TDD – 45 bits)

	CRS configuration
	Port {0, 1}

	CSI-RS configuration
	N/A

	EPDCCH Starting Symbol
	Starting symbol is decided by decoding PCFICH (CFI = 2) and EPDCCH starts from Symbol 2

	ECCE Aggregation Level
	· 16 ECCE

· 4 ECCE

	Number of EREGs per ECCE
	· FDD: 4

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

	EPDCCH sets configuration
	EPDCCH set #0: Distributed, 4 PRB pairs (# 3, 17, 31, 45)

EPDCCH set #1: Distributed, 8 PRB pairs (# 0, 7, 14, 21, 28, 35, 42, 49)

	EPDCCH scheduling
	Randomly select the candidate within a fixed EPDCCH in each subframe:

· EPDCCH set #0 with 4 PRB pairs for EPDCCH test with AL 4 

· EPDCCH set #1 with 8 PRB pairs for EPDCCH test with AL 16

	EPDCCH pre-coding
	Random pre-coding (TS 36.101 CR 1746): Random pair of non-identical precoding vectors from the rank 1 codebook is assigned per EPDCCH PRB pair for port 107 and port 109

	EPDCCH precoder update granularity
	1 PRB and 1ms

	EPDCCH monitoring SF configuration
	Not configured (i.e. default behaviour)


Table 7. Test 2 (Localized EPDCCH + TM9) parameters
	Parameter
	Test 2: 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= 0 dB, ρB = 0 dB, ( = -3 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 (FDD – 44 bits, TDD – 47 bits)

	CRS configuration
	Ports {0, 1}

	CSI-RS antenna ports
	Ports {15,16}

	CSI-RS subframe configuration 
ICSI-RS (TCSI-RS / ∆CSI-RS)
	0 (5 / 0)

	CSI-RS configuration
	3

	ZP CSI-RS subframe configuration 
ICSI-RS (TCSI-RS / ∆CSI-RS)
	0 (5 / 0)

	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

	EPDCCH sets configuration
	EPDCCH set #0: Localized, 8 PRB pairs (# 0, 7, 14, 21, 28, 35, 42, 49)

EPDCCH set #1: Distributed, 2 PRB pairs (# 0, 49)

	EPDCCH scheduling
	EPDCCH set index #0 is always scheduled
EPDCCH candidate is randomly assigned in each subframe 

	EPDCCH pre-coding
	Random precoding model similar to DM-RS based PDSCH demodulation tests (TS 36.101 CR 1898)

	EPDCCH precoder update granularity
	1 EPDCCH PRB pair; 1 ms

	EPDCCH monitoring SF pattern
	FDD:

1111111101

1111111101

1111111101

1111111101

TDD:

1111111101

1111111101

1111111101

1111111101

1111111101

1111111101

1111111101


Table 8. Test 3 (Localized EPDCCH + TM10 QCL) parameters

	Parameter
	Test 3: EPDCCH Localized + TM10 test

	
	TP1
	TP2

	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= 0 dB, ρB = 0 dB, ( = -3 dB, EPDCCH_RA = 0 dB, EPDCCH_RB = 0 dB

	PDSCH transmission mode
	TM10

	DCI format
	DCI format 2C (FDD – 44 bits, TDD – 47 bits)

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

EPDCCH start symbol is #2. CFI = 1.

	ECCE Aggregation Level
	2 ECCEs

	Number of EREGs per ECCE
	· FDD: 4

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

	EPDCCH sets configuration
	EPDCCH set #0: Localized, 8 PRB pairs (# 0, 7, 14, 21, 28, 35, 42, 49)

EPDCCH set #1: Localized, 8 PRB pairs (# 0, 7, 14, 21, 28, 35, 42, 49)

	EPDCCH pre-coding
	Random precoding model similar to DM-RS based PDSCH demodulation tests (TS 36.101 CR 1898)

	EPDCCH precoder update granularity
	1 EPDCCH PRB pair; 1 ms

	EPDCCH monitoring SF pattern
	Not configured (i.e. default behaviour)

	Cell ID
	0
	6

	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}

	Time offset (us)
	0
	2

	Frequency offset (Hz)
	0
	200

	Test 3a: Fixed TP

	EPDCCH transmission
	Blanked
	Fixed at TP2 
(Localized EPDCCH set #0)
EPDCCH candidate is randomly assigned in each subframe

	PDSCH transmission
	Blanked
	OCNG

	CSI reference signals
	NA
	Port {15,16}

	CSI-RS subframe configuration 
ICSI-RS (TCSI-RS / ∆CSI-RS)
	NA
	0 (5 / 0)

	CSI-RS configuration
	NA
	3

	ZP CSI-RS subframe configuration 
ICSI-RS (TCSI-RS / ∆CSI-RS)
	NA
	0 (5 / 0)

	ZP CSI-RS Bitmap
	NA
	1000000000000000

	Test 3b: DPS

	EPDCCH transmission
	Dynamically switched between TP1 and TP2

Localized EPDCCH set #0 is associated with TP1
Localized EPDCCH set #1 is associated with TP2
EPDCCH candidate is randomly assigned in each subframe

EPDCCH set index #0 and #1 are scheduled with equal probability

	PDSCH transmission
	OCNG at the TP used for EPDCCH transmission

Blanked at the TP not used for EPDCCH transmission

	CSI reference signals
	Port {15,16}
	Port {15,16}

	CSI-RS subframe configuration 
ICSI-RS (TCSI-RS / ∆CSI-RS)
	0 (5 / 0)
	0 (5 / 0)

	CSI-RS configuration
	3
	8

	ZP CSI-RS subframe configuration 
ICSI-RS (TCSI-RS / ∆CSI-RS)
	0 (5 / 0)
	0 (5 / 0)

	ZP CSI-RS Bitmap
	1000000000000000
	1000000000000000
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