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1. Introduction
With the completion of RAN1 WI on eFD-MIMO in RAN1 #88 meeting, RAN4 needs to define the performance requirement for the new features introduced in eFD-MIMO and their correponding test plans.

In this contribution, we review Class B eMIMO enhancements in Rel. 14 eFD-MIMO and propose a test framework based on their implication to the UE implementation.
2. Rel.14 Class B eMIMO Enhancement Review
Main focus of the Class B eMIMO enhancements in Rel.14 is to allow more flexible CSI-RS resource scheduling in time and frequency domain in order to improve overall system efficiency by alleviating the heavy CSI-RS overhead , especially when a large number of CSI-RS resources, e.g., K = 8, needs to be utilized. In the frequency domain approach, CSI-RS density reduction is introduced for Class B (also in Class A), where the CSI-RS transmission follows a Comb-like pattern across PRBs such that CSI-RS resources can be more sparsely transmitted only in every two or three PRBs. In the time-domain approach, two different types of the discontinuous CSI-RS transmission scheme called aperiodic CSI-RS (AP CSI-RS) and “multi-shot” CSI-RS have been introduced, where a CSI-RS resource can be scheduled on a demand basis only in a certain subframe, or one or more number of CSI-RS resources can be transmitted only during a certain period of time via dynamic activation/deactivation.
2.1. CSI-RS Density Reduction
CSI-RS density reduction is specified by a pair of high layer parameters: CSI-RS decimation ratio d:=NZP-FrequencyDensity-r14 
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 and Comb-pattern offset  o:=NZP-TransmissionComb-r14
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. When a UE is configured with a NZP CSI-RS resource with additional CSI-RS density reduction configuration, all the CSI-RS ports associated with the NZP CSI-RS resource is transmitted only every (1/d) PRB starting from (o)-th PRB as illustrated by the example in Figure 1. Since the frequency density and the Comb offset is configured for individual NZP CSI-RS resources, each NZP CSI-RS resource configured in Class B eMIMO with K>1 in principal may have a different CSI-RS density and Comb-offset.
The resource elements corresponding to CSI-RS ports in the decimated PRBs can be used for PDSCH transmission, and UE should be able to correctly apply different rate-matching behaviour for the PRBs with and without the decimated CSI-RS RE’s, as also discussed in the companion paper for Class A [1].
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Figure 1 CSI-RS density reduction example for a NZP CSI-RS resource with 8Tx with frequency domain decimation ratio of 1/2 and Comb-offset of 1.
2.2. Aperiodic NZP CSI-RS

Rel.14 Class B eMIMO enhancement includes the aperiodic NZP CSI-RS transmission where the reference NZP CSI-RS resource for an aperiodic CSI report is transmitted only in the subframe where the associated CSI request is received. 
An UE supporting the aperiodic NZP CSI-RS transmission can be RRC-configured with up to K ≤ 8 AP NZP CSI-RS resource allocations. Due to its aperiodic nature, AP NZP CSI-RS resources are configured without any specific subframe configuration. Actual AP CSI-RS tranmsission consists of a two-step procedure of the resource activation followed by dynamic per-subframe scheduling. 
Activation is a signaling procedure based on MAC CE to down-select N out of K AP NZP CSI-RS resouces as the potential aperiodic scheduling candidates. Activation does not mean the actual transmission, yet UE should expect that at each subframe any one of the N activated NZP CSI-RS resources may be scheduled/transmitted dynamically by eNB. The number of the activated AP NZP CSI-RS resources, N, is configurable by high layer within the upperbound of UE-capability parameter of nMaxResource-r14. When only a single AP NZP CSI-RS is configured by RRC, i.e., K=1, activation procedure is skipped. Actual scheduling of an AP NZP CSI-RS resource activated at subframe n can happen no earlier than subframe n+8. Similar to the activation, some AP NZP CSI-RS resources may be removed from the scheduling candidates via MAC-CE-based release procedure.
After activation, one of the N AP NZP CSI-RS resources is transmitted in the same subframe where the associated aperiodic CSI request is received. When N>1, CSI request field in DCI 0/4 is extended to 4 or 5 bit-field in order to indicate one of N activated AP NZP CSI-RS resouces is transmitted and to be used for the AP-CSI report. 
2.3. Multi-shot CSI-RS
Multi-shot CSI-RS is another type of CSI-RS overhead reduction feature introduced in Rel. 14 Class B eMIMO, where the periodic CSI-RS resources are transmitted based on their subframe configuration, yet only during the interval they are activated.
An UE supporting the multi-shot CSI-RS can be RRC-configured with up to K periodic CSI-RS resources with their respective subframe configuration. Activation/release of a certain periodic CSI-RS transmission is controlled by MAC-CE, similar to the aperiodic NZP CSI-RS. Upon activation, N out of the K periodic CSI-RS resources are down-selected, where N is configurable by high layer and upperbounded by the nMaxResource-r14, provided as a part of the UE capability. Unlike aperiodic NZP CSI-RS, activation in multi-shot CSI-RS does indicate the transmission of the periodic CSI-RS resources being activated. Multi-shot CSI-RS employs the same guard interval for activation/release as aperiodic NZP CSI-RS, i.e., the transmission of a newly activated CSI-RS resource can start no earlier than 8ms after the activation, and the transmission of a newly released CSI-RS resource will be ceased no later than 8ms after the release.
Actual CSI reporting based on the activated CSI-RS resources in the multi-shot CSI-RS would include CQI/PMI/RI, and additionally CRI when more than one CSI-RS resources are activated.
2.4. Aperiodic ZP CSI-RS

For improved rate-matching performance, Rel.14 eFD-MIMO also introduced aperiodic ZP CSI-RS which can be configured in the subframes where aperiodic NZP CSI-RS or multi-shot CSI-RS resource(s) are transmitted. 
A UE supporting aperiodic ZP CSI-RS can be configured with up to four aperiodic ZP CSI-RS resources. Similar to aperiodic NZP CSI-RS, aperiodic ZP CSI-RS is configured without a specific subframe configuration. Actual presence of the aperiodic ZP CSI-RS resource is indicated by the DL-related DCI in any transmission mode. For this purpose, a new 2-bit field is introduced in the corresponding DCI to signal which one of the four aperiodic ZP CSI-RS resources UE should assume allocated.
UE is expected to perform PDSCH rate-matching around any periodic and aperiodic ZP CSI-RS resources present in a downlink subframe with PDSCH transmission.
3. Test Framework

The main purpose of the test framework for Class B eMIMO enhancement in Rel.14 would be to verify that the UE implementation of CSI feedback reacts correctly to the reduced CSI-RS resource density across time and frequency. Since UE feature is defined separately for Class B CSI-RS density reduction, aperiodic NZP CSI-RS, multi-shot CSI-RS, and aperiodic ZP CSI-RS, we propose to define at least one test case for individual feature without any dependency on the rest in order to verify the corresponding UE functionality. 

For CSI-RS resource density reduction, the new tests should be able to verify the UE’s handling of reduced CSI-RS frequency density and the possibly diffent Comb-offset across CSI-RS resources. Considering that the reduced frequency density also limits the maximum channel delay spread CSI-RS channel estimation can reliably handle, our view is that the test for CSI-RS resource density reduction should be defined only for the single PMI feedback scenario with low channel delay spread. To this end, we propose to define a W2-only PMI test for Class B eMIMO with on the worst case CSI-RS frequency density of 1/3.
Proposal 1: To define a W2-only PMI test for the verification of UE implementaion of Class B eMIMO with the reduced CSI-RS frequency density factor of 1/3 and Comb-offset larger than one, as shown in Table 1 
Table 1 PMI Test for Class B eMIMO with CSI-RS density reduction
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EPA5

	Precoding granularity
	PRB
	50

	Correlation and antenna configuration
	
	ULA Low 4 x 2

	Beamforming model
	
	Annex B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports
15,…,18

	CSI-RS periodicity and subframe offset 

TCSI-RS / ∆CSI-RS
	
	5/ 1

	CSI-RS reference signal configuration
	
	6

	eMIMO-Type 
	
	Class B

	alternativeCodebookEnabledCLASSB_K1
	
	TRUE

	codebookSubsetRestriction-3
	
	00 0000 0000 0000 1111 1111

	 Downlink power allocation
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	dB[mW/15kHz]
	-98

	Reporting mode
	
	PUCCH 1-1

	Reporting interval
	ms
	5

	 PMI delay (Note 2)
	ms
	10

	CSI-RS frequency density
	
	1/3

	CSI-RS Comb-Offset
	
	1

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

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUSCH 

	PUCCH Report Type for RI
	
	3

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	1 

	Measurement channel
	
	R.45 FDD

	Rank number of PDSCH
	
	1

	OCNG Pattern
	
	OP.1 FDD

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{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.


For multi-shot CSI-RS test, the main focus of the test would be to verify that for the period of the time when periodic CSI-RS resources are activated, UE correctly processes those activated CSI-RS resources to improve the CSI feedback. Considering more than one CSI-RS resources can be activated at the same time in multi-shot CSI-RS, we propose to define one CRI test for multi-shot CSI-RS where UE’s functional correctness is verified by the performance gain during the period of the time when UE is configured with multiple activated CSI-RS resources compared to the other period where only single CSI-RS resource is transmitted. 
Proposal 2: To define a new CRI test for the verification of Class B multi-shot CSI-RS as shown in Table 2, where the accuracy of the reported CRI is determined by 

a) The ratio of the throughput obtained when transmitting based on the reported CRI and fixed precoder during the period when the multiple CSI-RS resources are activated via MAC-CE, compared to that obtained when transmitting based on the fixed precoder with only one activated CSI-RS resource: 
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b)
During the period of time both CSI-RS resources are activated, each candidate CRI value among 0, 1,…, K-1 shall be reported at least  % of the time at 
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The number of configured CSI-RS resources K is specific to a test.

Table 2 CRI Test for Class B eMIMO Multi-shot CSI-RS
	Parameter 
	Unit 
	Test 1        
(N≤ 2, K=8)                     

	Bandwidth 
	MHz 
	10

	Transmission mode 
	
	9

	Propagation channel 
	
	EPA5

	Beamforming model
	
	Annex B.4.6

	Precoding granularity 
	PRB 
	50

	Correlation and antenna configuration  (Note 1)
	
	4x2 XP High

	Cell-specific reference signals 
	
	Antenna ports 0,1

	eMIMO-Type  
	
	Class B

	Number of activated periodic NZP CSI-RS resources 
(Note 3) 
	
	2 for following CRI

1 for fixed CRI

	NZP-CSI-RS-ID-List 
	
	{0,1}

	legacyCSRList 
	
	{0,0}

	CSI reference signal configuration List 
	
	{0,1}

	Number of CSI-RS ports 

(Nk) 
	
	{4,4}

	CSI-RS-SubframeConfig  List  
	
	{1,1}

	CodeBookSubsetRestriction with ID=0
	
	0x
0000 0000 0000 0001 0000 0001

	alternativeCodeBookEnabledFor4TX-r12
	
	FALSE

	Downlink power allocation
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	dB[mW/15kHz]
	-98

	Reporting mode 
	
	PUSCH 3-1  

	Reporting interval 
	ms 
	5

	CRI Delay 
	ms 
	8

	 PMI delay  
	ms 
	8

	Measurement channel 
	
	R.50A-1 FDD

	OCNG Pattern
	
	OP.1 FDD

	Rank Number of PDSCH 
	
	1

	Scheduled PDSCH SFs 
	
	SF 0,2,3,4,7,8,9

	Max number of HARQ transmissions 
	
	4

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

	Note 1:
If the UE reports in an available uplink reporting instance at subrame SF#n based on CRI/PMI estimation at a downlink SF not later than SF#(n-4), this reported CRI/PMI cannot be applied at the eNB downlink before SF#(n+4).
Note 2:
PDSCH _RA= 0 dB, PDSCH_RB= 0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver.
Note 3:     For the period only one CSI-RS resource is activated the configurations according to
NZP-CSI-RS-ID = 0 is activated.


For aperiodic NZP CSI-RS test, the main focus of the test would be to verify that UE correctly processes one of the activated aperiodic NZP CSI-RS resources received in each subframe and derive the correspoding aperiodic CSI report. Since only one aperiodic NZP CSI-RS resource can be transmitted at each subframe, our view is that it would be sufficient to define a new W2-only PMI test that verifies the UE performance gain when following the reported PMI in the presence of the aperiodic NZP CSI-RS transmission. Given that any one of the activated aperiodic NZP CSI-RS resources can be transmitted in a subframe, the test should have at least two activated aperiodic NZP CSI-RS resources that are scheduled in some pseudo-random manner. The two activated aperiodic NZP CSI-RS resources can be associated with the same physical antenna port and only differs from each other in terms of CSI-RS configuration. 
Proposal 3: To define a new W2-only PMI test for the verification of UE implementaion for Class B aperiodic NZP CSI-RS as shown in Table 3, where the requirements are specified in terms of the ratio
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In the definition of γ, for PUSCH 3-1 single PMI, and PUSCH 1-2 multiple PMI requirements, 
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 for the period of the time where the active aperiodic CSI-RS resource is transmitted and the precoders configured according to the UE’s aperiodic reports based on the aperiodic CSI-RS transmission is used, and 
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Proposal 4: For a UE supporting both Class B CSI-RS frequency density reduction and aperiodic NZP CSI-RS, the PMI test for CSI-RS frequency density reduction without aperiodic NZP CSI-RS can be replaced by the PMI test for aperiodic NZP CSI-RS with CSI-RS frequency density of 1/3.
Table 3 PMI test for aperiodic NZP CSI-RS 
	Parameter
	Unit
	Test 1
(N≤2, K=8)
	Test 1a

(N≤2, K=8)

	Bandwidth
	MHz
	10
	10

	Transmission mode
	
	9
	9

	Propagation channel
	
	EPA5
	EPA5

	Precoding granularity
	PRB
	50
	50

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

	Beamforming model
	
	Annex B.4.3
	Annex B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1
	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
	
	5/ 1
	5/ 1

	CSI-RS reference signal configuration
	
	{6,7}
	{6,7}

	eMIMO-Type 
	
	Class B
	Class B

	alternativeCodebookEnabledCLASSB_K1
	
	TRUE
	TRUE

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

	 Downlink power allocation
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	dB[mW/15kHz]
	-98
	-98

	Reporting mode
	
	PUCCH 1-1
	PUCCH 1-1

	Reporting interval
	ms
	5
	5

	 PMI delay (Note 2)
	ms
	10
	10

	CSI-RS frequency density
	
	{1, 1}
	{1/3, 1/3}

	CSI-RS Comb-Offset
	
	{0, 0}
	{0, 2}

	Number of activated aperiodic NZP CSI-RS resources
	
	2 when following PMI,
0 when fixed PMI

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

	PUCCH Report Type for CQI/PMI
	
	2
	2

	Physical channel for RI reporting
	
	PUSCH 
	PUSCH 

	PUCCH Report Type for RI
	
	3
	3

	cqi-pmi-ConfigurationIndex
	
	2
	2

	ri-ConfigIndex
	
	1 
	1 

	Measurement channel
	
	R.45 FDD
	R.45 FDD

	Rank number of PDSCH
	
	1
	1

	OCNG Pattern
	
	OP.1 FDD
	OP.1 FDD

	Max number of HARQ transmissions
	
	4
	4

	Redundancy version coding sequence
	
	{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.


For aperiodic ZP CSI-RS, the same rate matching behaviour should be applicable across all transmission mode. Since legacy TM9 demodulation test are readily configured with periodic ZP CSI-RS, we propose to modify the periodic ZP CSI-RS config of the legacy TM9 demodulation test with aperiodic ZP CSI-RS.

Proposal 5: To define a PDSCH demodulation test for aperiodic ZP CSI-RS by replacing periodic ZP CSI-RS config in the legacy test with the aperiodic ZP CSI-RS.

Table 4 PDSCH demodulation test for aperiodic ZP CSI-RS
	parameter
	Unit
	Test 1

	Downlink power allocation
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	dB
	0 (Note 1)

	
	(
	dB
	-3

	Cell-specific reference signals
	
	Antenna ports 0,1

	Beamforming model
	
	Annex B.4.1

	CSI reference signals
	
	Antenna ports 15,…,18

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

	CSI reference signal configuration
	
	0

	Aperiodic ZeroPower CSI-RS scheduling
	
	Every subframe #3 and #8 (Note 3)

	Aperiodic 
ZeroPower CSI-RS bitmap 
	bitmap
	0001000000000000
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	dBm/15kHz
	-98

	Symbols for unused PRBs
	
	OCNG (Note 4)

	Number of allocated resource blocks (Note 2)
	PRB
	50

	Simultaneous transmission
	
	No

	PDSCH transmission mode
	
	9

	Number of MBSFN subframes
	Subframes
	6 (Note 5)

	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:
According to CSI-RS subframe config 3 of periodic ZP CSI-RS
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:
For FDD mode, 6 subframes (#1/2/3/6/7/8) are allocated as MBSFN subframes.


4. Conclusions

In this contribution, we analyzed CSI feedback performance requirements for eFD-MIMO Class B enhancement including CSI-RS density reduction, aperiodic NZP/ZP CSI-RS, and multi-shot CSI-RS, and proposed test case framework to verify UE’s functionality for the individual new features. A list of the proposed test framework in this paper is summarized as follow. 
Proposal 1: To define a W2-only PMI test for the verification of UE implementaion of Class B eMIMO with the reduced CSI-RS frequency density factor of 1/3 and Comb-offset larger than one, as shown in Table 1 
Proposal 2: To define a new CRI test for the verification of Class B multi-shot CSI-RS as shown in Table 2, where the accuracy of the reported CRI is determined by 

a) The ratio of the throughput obtained when transmitting based on the reported CRI and fixed precoder during the period when the multiple CSI-RS resources are activated via MAC-CE, compared to that obtained when transmitting based on the fixed precoder with only one activated CSI-RS resource: 
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b)
During the period of time both CSI-RS resources are activated, each candidate CRI value among 0, 1,…, K-1 shall be reported at least  % of the time at 
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The number of configured CSI-RS resources K is specific to a test.

Proposal 3: To define a new W2-only PMI test for the verification of UE implementaion for Class B aperiodic NZP CSI-RS as shown in Table 3, where the requirements are specified in terms of the ratio
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In the definition of γ, for PUSCH 3-1 single PMI, and PUSCH 1-2 multiple PMI requirements, 
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 for the period of the time where the active aperiodic CSI-RS resource is transmitted and the precoders configured according to the UE’s aperiodic reports based on the aperiodic CSI-RS transmission is used, and 
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Proposal 4: For a UE supporting both Class B CSI-RS frequency density reduction and aperiodic NZP CSI-RS, the PMI test for CSI-RS frequency density reduction without aperiodic NZP CSI-RS can be replaced by the PMI test for aperiodic NZP CSI-RS with CSI-RS frequency density of 1/3.
Proposal 5: To define a PDSCH demodulation test for aperiodic ZP CSI-RS by replacing periodic ZP CSI-RS config in the legacy test with the aperiodic ZP CSI-RS 
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