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1 Introduction

In RAN#71, the work item “Enhancements on Full-Dimension (FD) MIMO for LTE” was approved in [1] which aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. 
Compared to Rel-13 FD-MIMO, major enhancements in Rel-14 eFD-MIMO were focused on CSI enhancements as summarized in below figure.
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In this contribution, we discuss test case design for CSI-RS enhancement.
2 Discussion
2.1 Test case design for aperiodic AP-CSI-RS
For PDSCH rate matching, 2-bit aperiodic ZP CSI-RS resource signaling field is introduced in DL-related DCIs for all both TM9 and TM10.  AP ZP CSIRS resource configuration is defined without subframe_config. UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled. AP ZP CSI-RS resource signaling field descriptions are:
· State ‘0’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘1’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘2’:  The 3rd RRC-configured AP ZP CSIRS is indicated to be applied.

· State ‘3’:  The 4th RRC-configured AP ZP CSIRS is indicated to be applied.

Consider RAN4 work load and test effort, we prefer to verify AP-ZP-CSI-RS in this test case based on existing test case by replacing periodic ZP CSI-RS as aperiodic CSI-RS.
Meanwhile, in order to simplify test set-up and facilitate RAN4 FRC definition with fixed coding rate for each downlink transmission sub-frames, we propose to schedule AP ZP-CSI-RS in fixed Sub-frames with fixed periodicity through DCI indicator. We can reuse existing FRC since only difference with different ZP CSI-RS configuration is the location of ZP CSI-RS REs and the overhead is equivalent. One additional benefit is existing performance requirements can be reused since only with same FRC and coding rate is the same. 

Propoosal1: Introducing PDSCH demoulation test case for AP ZP-CSI-RS based on one of existing test cases with Periodic ZP CSI-RS
· Replacing Periodic ZP CSI-RS as AP ZP CSI-RS 
· Sub-frames for AP ZP-CSI-RS same as Periodic ZP CSI-RS SFs, the indicated AP ZP-CSI-RS configuration  is  random selected from RRC-configured AP ZP CSI-RS list
Based on above analysis, taking existing test case 2 specified in 8.3.1.1 as starting point, such detailed configuration for periodic NZP-CSI-RS and aperiodic ZP-CSI-RS configurations proposed:

· NZP-CSI-RS configurations: 
	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2

	CSI reference signal configuration
	
	0

	CSI-RS ports
	
	15,16,17,18


· For AP-ZP-CSI-RS configuration: Through RRC signaling , below AP ZP-CSI-RS list configured:
	AP ZP-CSI-RS list
	CSI-RS config.
	ZeroPowerCSI-RS bitmap

	0
	2
	0010000000000000

	1
	3
	0001000000000000

	2
	6
	0000001000000000

	3
	7
	0000000100000000


· Per radio frame, in SF#3, SF#8, through DCI indicates one of AP ZP-CSI-RS configurations from above AP ZP-CSI-RS list. The selection of AP ZP-CSI-RS configuration can be random.
Following above configuration, such PDSCH rate-matching can be assumed for each SF pending on AP ZP-CSI-RS configuration.
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Table 8.3.1.1-1: Test Parameters for Testing CDM-multiplexed DM RS (single layer) with multiple CSI-RS configurations 

	parameter
	Unit
	Test 1, Test 1a
	Test 1b

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	-3
	-3

	Beamforming model
	
	Annex B.4.1
	Annex B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2
	5 / 2

	CSI reference signal configuration
	
	0
	0

	Zero-power CSI-RS configuration

ICSI-RS /
ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0001000000000000
	Note 7
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at antenna port
	dBm/15kHz
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 4)
	OCNG (Note 4)

	Number of allocated resource blocks (Note 2)
	PRB
	50
	50

	Simultaneous transmission
	
	No
	No

	PDSCH transmission mode
	
	9
	9

	Number of MBSFN subframes
	Subframes
	6 (Note 6)
	6 (Note 6)

	Note 1:
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Note 2:
The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.

Note 3:
Modulation symbols of an interference signal is mapped onto the antenna port (7 or 8) not used for the input signal under test.

Note 4:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.

Note 5:
The two UEs’ scrambling identities 
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 are set to 0 for CDM-multiplexed DM RS with interfering simultaneous transmission test cases. 
Note 6:
For FDD mode, 6 subframes (#1/2/3/6/7/8) are allocated as MBSFN subframes.
Note 7:    Through DCI signalling, indicating AP ZP-CSI-RS  in SF#3, 8 per radiom frame, the indicated AP ZP-CSI-RS is  random selected from RRC-configured AP ZP CSIRS list


Table 8.3.1.1-2: Minimum performance for CDM-multiplexed DM RS without simultaneous transmission (FRC) with multiple CSI-RS configurations
	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	UE DL Cat-egory

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
QPSK 1/3
	R.43-1 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-1.2
	≥1
	≥6

	1b
	10 MHz
QPSK 1/3
	R.43-1 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	[-1.2]
	≥1
	≥6


	AP ZP-CSI-RS list
	CSI-RS config.
	ZeroPowerCSI-RS bitmap

	0
	2
	0010000000000000

	1
	3
	0001000000000000

	2
	6
	0000001000000000

	3
	7
	0000000100000000


2.2 Test case deign for BF CSI-RS enhancement
In Rel-14, below enhancements were introduced for BF CSI-RS: CSI-RS density reduction, Multi-shot CSI-RS and aperiodic CSI-RS. According UE feature list, all of three features are separate features; we need to introduce separate test cases for these features. Considering RAN4 work load and test effort, it’s better to introduce these test cases based on exiting Class B CSI test cases. In Rel-13, we have Class B K=1 PMI test case and CRI test case for Class B. Considering for CRI test case, we have different UE capability with different combinations Kmax and Nmax and the test set-up is more complicated than Class B K=1 PMI test case, we prefer based on existing Class B test case to introduce test cases for BF CSI-RS enhancement.
Proposal 2: Introducing separate test cases for CSI-RS density reduction, multi-shot CSI-RS and aperiodic CSI-RS 
· These test case can be based on exiting Class B K=1 PMI test case
CSI-RS density reduction

For CSI-RS density reduction of Class B, two parameters:
	FrequencyDensityBeamformed
	Indicator of frequency-domain density reduction for Class B eMIMO-Type
	Either 1x (normal density) or 2x reduced, [potentially one more value] 

	NZP-TransmissionCombBeamformed
	Comb offset configuration for BF NZP CSI-RS overhead reduction
	Comb offset per CSI-RS configuration


Proposal 3: Such value can be considered for RRC parameter of CSI-RS density reduction:
· FrequencyDensityBeamformed: 1/2

· NZP-TransmissionCombBeamformed: 0
Aperiodic CSI-RS resources & Multi-shot

 For Aperiodic CSI-RS resource and multi-shot, first step through RRC signalling, number of K aperiodic CSI-RS-Resources will be configured through RRC signalling without subframeConfig. In order to simplify test cases, and considering number of configured CSI-RS resources followed UE capability  on Kmax and Nmax,  we propose only introduce K=2 CSI-RS resources through RRC signalling during test.

	CSI-RS-ConfigNZPAperiodic
	A new IE for "aperiodic CSI-RS", only applicable for Rel.14 Class B eMIMO-Type, with 2, 4, or 8 ports
	For each NZP CSI-RS resource, IE follows CSI-RS-ConfigNZP-r11 but without subframeConfig

	numberActivatedAperiodicCSI-RS-Resources
	The number of activated aperiodic CSI-RS resources = N (out of K RRC-configured aperiodic CSI-RS resources), N<=K
	Max nominal value =4, but also limited by K and Nmax (UE capability for aperiodic CSI-RS)

	numberActivatedCSI-RS-Resources
	The number of activated Rel.13 CSI-RS resources = N (out of K RRC-configured Rel.13 CSI-RS resources), N<=K
	Max nominal value =4, but also limited by K and Nmax (UE capability for Rel.13 CSI-RS)


Then for Aperiodic CSI-RS, such configurations considered:
· Step 1: Through RRC signaling, indicate RRC parameters:

· Aperiodic CSI-RS resources list
	AP CSI-RS list
	CSI-RS config.
	Number of ports

	0
	2
	4 ports

	1
	3
	4 ports


· NumberActivatedAperiodicCSI-RS-Resources: 2

· Step 2: in fixed sub-frame 1,#6, through DCI indicator one of  aperiodic CSI-RS resources
Then for Mutil- shot CSI-RS, such configurations considered:

· Step 1: Through RRC signaling, indicate RRC parameters:

· Periodic CSI-RS resources list
	CSI-RS list
	CSI-RS config.
	Number of ports
	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS

	0
	2
	4 ports
	5/1

	1
	3
	4 ports
	5/1


· numberActivatedCSI-RS-Resources: 1
· Step 2: Random active and deactivate one of CSI-RS resources in every per 5000ms through MAC signaling , during activation and deactivation period, scheduled PDSCH will skip corresponding 8 sub-frames
3 Conclusion
In this contribution, we discuss test case design for CSI-RS enhancement.
Propoosal1: Introducing PDSCH demoulation test case for AP ZP-CSI-RS based on one of existing test cases with Periodic ZP CSI-RS

· Replacing Periodic ZP CSI-RS as AP ZP CSI-RS 

· Sub-frames for AP ZP-CSI-RS same as Periodic ZP CSI-RS SFs, the indicated AP ZP-CSI-RS configuration  is  random selected from RRC-configured AP ZP CSI-RS list
Proposal 2: Introducing separate test cases for CSI-RS density reduction, multi-shot CSI-RS and aperiodic CSI-RS 
· These test case can be based on exiting Class B K=1 PMI test case
Proposal 3: Such value can be considered for RRC parameter of CSI-RS density reduction:

· FrequencyDensityBeamformed: 1/2

· NZP-TransmissionCombBeamformed: 0
Proposal 4: for Aperiodic CSI-RS, such configurations considered:
· Step 1: Through RRC signaling, indicate RRC parameters:

· Aperiodic CSI-RS resources list
	AP CSI-RS list
	CSI-RS config.
	Number of ports

	0
	2
	4 ports

	1
	3
	4 ports


· NumberActivatedAperiodicCSI-RS-Resources: 2

· Step 2: in fixed sub-frame 1,#6, through DCI indicator one of  aperiodic CSI-RS resources

Proposal 5: for Mutil- shot CSI-RS, such configurations considered:

· Step 1: Through RRC signaling, indicate RRC parameters:

· Periodic CSI-RS resources list
	CSI-RS list
	CSI-RS config.
	Number of ports
	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS

	0
	2
	4 ports
	5/1

	1
	3
	4 ports
	5/1


· numberActivatedCSI-RS-Resources: 1
· Step 2: Random active and deactivate one of CSI-RS resources in every per 5000ms through MAC signaling , during activation and deactivation period, scheduled PDSCH will skip corresponding 8 sub-frames
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