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1. Introduction
In [1], the test framework and the corresponding test configuration for the verification of the class B eFD-MIMO enhancement features including aperiodic/multi-shot NZP CSI-RS and aperiodic ZP CSI-RS was proposed, but no agreement was reached.
In this paper, we propose a further unified test framework and configuration for aperiodic/multi-shot NZP CSI-RS and aperiodic ZP CSI-RS.
2. Test Configuration
2.1. Aperiodic/Multi-Shot NZP CSI-RS
In Release 13, single-PMI tests were defined for FD-MIMO with class B W2-only codebook, where the accuracy of the reported PMI is verified by the throughput ratio, 
[image: image1.wmf]rnd

ue

t

t

=

g

. Similar single-PMI tests can be defined for the aperiodic or multi-shot NZP CSI-RS feature. 
In order to verify that UE correctly responds to the activation/deactivation of the aperiodic/multi-shot NZP CSI-RS resources, at least two NZP CSI-RS resources with the same number of CSI-RS ports should be configured by high layer. For the aperiodic NZP CSI-RS, min(2, Nmax) aperiodic NZP CSI-RS resources should be activated simultaneously when measuring 
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 so that TE can dynamically select one of the min(2, Nmax) activated CSI-RS resources at each aperiodic CSI-RS transmission. Actual subframes where the aperiodic CSI-RS is transmitted can be made identical to that of the single-PMI tests with the periodic NZP CSI-RS in order to maintain the comparable 
[image: image3.wmf]g

 threshold.
For the multi-shot NZP CSI-RS, each of the configured CSI-RS resources is activated in the alternating way when measuring 
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. In particular, total test duration can be divided into two parts, where a different CSI-RS resource is activated in each half. In order to avoid the test metric being affected by the transient period, TE shall stop downlink scheduling upon the activation of a new CSI-RS resource (and the deactivation of the old CSI-RS resource) until a new PMI reported by UE becomes available, which is received at least eight or more subframes after the activation.
When UE is capable of supporting the class B CSI-RS frequency density reduction, individual single-PMI test can be configured with the reduced CSI-RS frequency density. Corresponding threshold may be defined separately for the reduced CSI-RS frequency density.
For periodic/aperiodic/multi-shot NZP CSI-RS configurations, Figure 1 shows an illustration of the respective NZP CSI-RS transmission when TE follows the reported PMI by UE to measure 
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. Corresponding single-PMI test configuration for the aperiodic/multi-shot CSI-RS is shown in the revised Table 9.4.1.4.3-1 and Table 9.4.1.4.3-2 from [2].
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Figure 1. CSI-RS resource transmitted when TE follows the reported PMI: (a) Periodic CSI-RS, (b) Aperiodic CSI-RS with both CSI-RS resource A and B activated, (c) Multi-shot CSI-RS with either CSI-RS resource A or B is activated in the alternating pattern
Table 9.4.1.4.3-1 PMI test for single-layer (FDD)
	Parameter
	Unit
	Test 1
	Test 1a
	Test 1b

	Bandwidth
	MHz
	10
	10
	10

	Transmission mode
	
	9
	9
	9

	Propagation channel
	
	EPA5
	EPA5
	EPA5

	Precoding granularity
	PRB
	50
	50
	50

	Correlation and antenna configuration
	
	ULA Low 4 x 2
	ULA Low 4 x 2
	ULA Low 4 x 2

	Beamforming model
	
	Annex B.4.3
	Annex B.4.3
	Annex B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

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

	CSI-RS periodicity and subframe offset 

TCSI-RS / ∆CSI-RS
	
	5/ 1
	N/A
	5/ 1

	CSI-RS reference signal configuration(s)
	
	6
	N/A
	2, 6 (Note 7)

	Aperiodic CSI-RS reference signal configuration(s)
	
	N/A
	2, 6 (Note 5, 6)
	N/A

	CSI-RS Frequency Density 
	
	1 or 1/2 (Note 8)

	eMIMO-Type 
	　
	Class B
	Class B
	Class B

	alternativeCodebookEnabledCLASSB_K1
	　
	TRUE
	TRUE
	TRUE

	codebookSubsetRestriction-3
	　
	00 0000 0000 0000 1111 1111
	00 0000 0000 0000 1111 1111
	00 0000 0000 0000 1111 1111

	 Downlink power allocation
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	dB
	0
	0
	0
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	dB
	0
	0
	0

	
	Pc
	dB
	-6
	-6
	-6

	
	(
	dB
	-3
	-3
	-3

	[image: image11.wmf])

(

j

oc

N


	dB[mW/15kHz]
	-98
	-98
	-98

	Reporting mode
	
	PUCCH 1-1
	PUCCH 1-1
	PUCCH 1-1

	Reporting interval
	ms
	5
	5
	5

	 PMI delay (Note 2)
	ms
	10
	10
	10

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)
	PUSCH (Note 3)
	PUSCH (Note 3)

	PUCCH Report Type for CQI/PMI
	
	2
	2
	2

	Physical channel for RI reporting
	
	PUSCH 
	PUSCH 
	PUSCH 

	PUCCH Report Type for RI
	
	3
	3
	3

	cqi-pmi-ConfigurationIndex
	
	2
	2
	2

	ri-ConfigIndex
	
	1 
	1 
	1 

	Measurement channel
	
	R.45 FDD
	R.45 FDD
	R.45 FDD

	Rank number of PDSCH
	
	1
	1
	1

	OCNG Pattern
	
	OP.1 FDD
	OP.1 FDD
	OP.1 FDD

	Max number of HARQ transmissions
	
	4
	4
	4

	Redundancy version coding sequence
	
	{0,1,2,3}
	{0,1,2,3}
	{0,1,2,3}

	Note 1:
For random precoder selection, the precoder shall be updated in each TTI (1 ms granularity).

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH.
Note 4:
PDSCH_RA= 0 dB, PDSCH_RB= 0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver.
Note 5:
Aperiodic NZP CSI-RS is transmitted every subframe #1 and #6.   
Note 6:
One of the two CSI-RS resources is randomly selected at each aperiodic NZP CSI-RS transmission instance.
Note 7:     One of the two CSI-RS resources is actitvated in the alternating way when measuring 
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 .
Note 8:
1/2 if UE supports class B CSI-RS frequency density reduction. 1/0, otherwise.



Table 9.4.1.4.3-2 Minimum requirement (FDD)

	Parameter
	Test 1
	Test 1a
	Test 1b

	
	CSI-RS Frequency Density = 1
	CSI-RS Frequency Density = 1/2
	CSI-RS Frequency Density = 1
	CSI-RS Frequency Density = 1/2
	CSI-RS Frequency Density = 1
	CSI-RS Frequency Density = 1/2

	
	1.1
	[1.1]
	[1.1]
	[1.1]
	[1.1]
	[1.1]

	UE Category
	≥2


Proposal 1. Define a single-PMI test for aperiodic and multi-shot NZP CSI-RS based on W2-only Class B codebook.
Proposal 2. In the single-PMI test with aperiodic NZP CSI-RS, two NZP CSI-RS resources are configured and activated at the same time when measuring 
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, and TE randomly selects one of the two CSI-RS resource at each aperiodic CSI-RS transmission. In case UE supports only Nmax = 1, only one CSI-RS resource is activated and used.
Proposal 3. In the single-PMI test with multi-shot NZP CSI-RS, two NZP CSI-RS resources are configured, and one of the two CSI-RS resources is activated in the alternating way when measuring 
[image: image14.wmf]ue

t

.
Proposal 4. Reduced CSI-RS frequency density of ½ is used for the class B W2-only single-PMI test if UE supports class B CSI-RS frequency density reduction.
2.2. Aperiodic ZP CSIRS
As discussed in [1], for aperiodic ZP CSI-RS, existing PDSCH demodulation test configuration and requirement can be re-used by replacing the periodic ZP CSI-RS with aperiodic ZP CSI-RS with the same scheduling pattern and code rate after rate-matching. In order to verify UE’s rate-matching behavior with respect to dynamically signalled ZP CSI-RS resources, UE can be configured with two ZP CSI-RS configurations with the same number of RE’s, and TE may select one of them at random for each subframe whether ZP CSI-RS is to be allocated.
Proposal 5. For aperiodic ZP CSI-RS, define a PDSCH demodulation test by replacing the periodic ZP CSI-RS configuration in the exisitng PDSCH demodulation test with the equivalent aperiodic ZP CSI-RS, where the minimum performance requirement defined with the periodic ZP CSI-RS continues to apply.

Proposal 6. For proposal 6, two different aperiodic ZP CSI-RS configurations are activated and one of them is randomly selected/indicated to UE via DCI at each subframe aperiodic ZP CSI-RS resource is allocated. 
Revised Table 8.3.1.1-1 and Table 8.3.1.1-2 from [2] captures the suggested test configuration for aperiodic ZP CSI-RS.
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 2
	Test 3
	Test 1b (Note 8)

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

	
	(
	dB
	-3
	-3
	-3
	-3

	Beamforming model
	
	Annex B.4.1
	Annex B.4.1
	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
	Antenna ports 15, …, 18
	Antenna ports 15, …, 18

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

	CSI reference signal configuration
	
	0
	3
	0
	0

	Subframe with aperiodic zero-power CSI-RS Trigger
	
	N/A
	N/A
	N/A
	3, 8

	Aperiodic zero-power CSI-RS configuration
	
	N/A
	N/A
	N/A
	0001000000000000 /0100000000000000
(Note 7)

	Periodic Zero-power CSI-RS configuration

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

0001000000000000
	3 /

0001000000000000
	3 /

0001000000000000
	N/A
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at antenna port
	dBm/15kHz
	-98
	-98
	-98
	-98

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

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

	Simultaneous transmission
	
	No
	Yes (Note 3, 5)
	No
	No

	PDSCH transmission mode
	
	9
	9
	9
	9

	Number of MBSFN subframes
	Subframes
	6 (Note 6)
	NA
	NA
	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:     At each subframe with aperiodic ZP CSI-RS resource allocation, TE randomly selects one of the two configurations. 
Note 8:     UE supporting aperiodic ZP CSI-RS may replace Test 1 with Test 1b


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)
	
	

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

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

	3
	10MHz

256QAM
	R. 66 FDD
	OP.1 FDD
	EPA5
	2x2 Low
	70
	24.3
	11-12
	≥11

	Note 1:
For UE that indicates support of pdsch-CollisionHandling-r13, test 1a will be run and test 1 will be skipped. Otherwise, test 1 will be run and test 1a will be skipped.


3. Conclusions

In this paper, we propose a further unified test framework and configuration for aperiodic/multi-shot NZP CSI-RS and aperiodic ZP CSI-RS.

A list of proposals in this paper is summarized as follows:

Proposal 1. Define a single-PMI test for aperiodic and multi-shot NZP CSI-RS based on W2-only Class B codebook.
Proposal 2. In the single-PMI test with aperiodic NZP CSI-RS, two NZP CSI-RS resources are configured and activated at the same time when measuring 
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, and TE randomly selects one of the two CSI-RS resource at each aperiodic CSI-RS transmission. In case UE supports only Nmax = 1, only one CSI-RS resource is activated and used.

Proposal 3. In the single-PMI test with multi-shot NZP CSI-RS, two NZP CSI-RS resources are configured, and one of the two CSI-RS resources is activated in the alternating way when measuring 
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.
Proposal 4. Reduced CSI-RS frequency density of ½ is used for the class B W2-only single-PMI test if UE supports class B CSI-RS frequency density reduction.
Proposal 5. For aperiodic ZP CSI-RS, define a PDSCH demodulation test by replacing the periodic ZP CSI-RS configuration in the exisitng PDSCH demodulation test with the equivalent aperiodic ZP CSI-RS, where the minimum performance requirement defined with the periodic ZP CSI-RS continues to apply.

Proposal 6. For proposal 6, two different aperiodic ZP CSI-RS configurations are activated and one of them is randomly selected/indicated to UE via DCI at each subframe aperiodic ZP CSI-RS resource is allocated. 
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