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1 Introduction

In last RAN4 meeting, a WF was agreed for FD-MIMO performance requirements:
· No UE RRM performance requirements for EBF/FD-MIMO WI in Rel-13.

· No new control channel performance requirements (PDCCH, PCFICH, PHICH, EPDCCH, PBCH) for EBF/FD-MIMO WI in Rel-13.

· Define the requirements to verify DMRS enhancement for EB/FD-MIMO 

· FFS: whether to use PDSCH demodulation test or CSI test 

· New CSI requirements need to be introduced at least for such purpose:

· CSI Class A with new codebook

· CSI Class B K>1 with CRI reporting

· It’s FFS whether new CSI test cases need to be introduced for measurement restriction functionality

· It’s FFS whether new CSI test case need to be introduced for CSI Class B K=1 with W2 only PMI feedback
In [2], we give overview for FD-MIMO performance requirements and such CSI test case lists are proposed:
	
	No PMI
	Single PMI
	Multiple PMI

	CSI Class A (PMI test cases)
	N/A
	PUCCH 3-1
	PUSCH 1-2

	CSI Class B K>1
(CRI reporting test)
	N/A
	PUSCH 3-1
	N/A

	Class B K=1
(PMI test case)
	N/A
	PUCCH 1-1
	N/A

	MR functionality test
(Static CQI test case)
	PUCCH 1-0 with Nt=1
	N/A
	N/A


In this contribution, we give detailed test case design for CSI Class B with K>1 CRI test.
2 Discussion
2.1 Test Case Design
For CSI Class B (Beam-formed CSI-RS based on schemes), A CSI process is associated with K CSI-RS resources, with Nk ports for the kth CSI-RS resource (K could be >=1). Value K is configured to the UE where K≥1, representing K beams. For K>1 (Cell specific beam-forming), CRI is a new CSI reporting content which corresponding to CSI-RS resource indicator to select NZP-CSI-RS resource. UE need to feedback CRI to select one out of K beams, and based on such selected NZP CSI-RS resource to estimate CQI, PMI and RI.
Proposal 1: Introducing CRI test case for CSI Class B K>1 with such propose

· Verify UE reporting CRI accuracy
· Verify UE process capability to support maximum of total CSI-RS ports

Test Methodology
In order to verify CRI reporting accuracy, similar as PMI test cases, relative throughput ratio between following CRI and random/fixed CRI can be used. 
Configured K NZP CSI-RS resources with different beam-directions in vertical domain. For MIMO channel: Beam direction in vertical domain was randomized and slow steering in time domain within the set of beam direction of configured K NZP CSI-RS resources similar as Beam steering approach specified in TS36.101 B.2.3A.4. 
Proposal2: Relative throughput ratio between following CRI and fixed/random CRI can be use for CRI test:

· Alt1: 
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· Configured K CSI-RS resources with different beam directions in vertical domain

·  
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is throughput using vertical beam-forming according to the UE reports CRI, and 
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is the throughput with random precoding  in vertical direction.

· Alt2: 
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·   Class B K>1: Configured multiple (K) CSI-RS resources with different beam directions in vertical domain, following CRI reporting to achieve 
[image: image5.wmf]2

,

1

,

_

,

follow

follow

CRI

follow

ue

t


· Class B K=1 with PMI-config =0: Configured 1 CSI-RS resource with fixed vertical beam direction to achieve 
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Beam-forming Model for CSI-RS resources:
Assuming Mtotal antennas with (N1, N2, P) 2D planar antenna array at eNB side

· N1 corresponding number of antennas in vertical direction per polarization direction

· N2 corresponding number of antennas in horizontal direction per polarization direction

· P corresponding number of polarization groups

Number of configured CSI-RS resources equal to K, for each CSI-RS resource, number of antenna ports per CSI-RS resource Nk = P*N2
Proposal 3: Introducing Beam-forming Model for CSI-RS resources as below:
· For kth CSI-RS resource, CSI-RS modulation symbols 
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 are mapped to N1 physical antennas in vertical domain with vertical beam-forming weights, mapping to physical antenna indexes as 
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· Beam-forming matrix in vertical domain is corresponding to
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· K corresponding to number of configured CSI-RS resources

· Nk corresponding to number of number of CSI-RS ports
· k corresponding to CSI-RS resource index
Beam-forming Model for PDSCH, DMRS
Proposal 4: Introducing Beam-forming Model for data/DMRS resources as below:
· Beam-forming matrix for data/DMRS can be specified as below:
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· 
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 is precoding matrix based on existing 8Tx or 4Tx dual codebook , 
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 as PMI indexes corresponding to specific test 
· 
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 corresponding to a specific test depending vertical beam-forming method:
· For following UE reporting CRI , then 
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· For fixed vertical beam direction , then 
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equal to fixed value i.e. 0
· For random vertical beam direction , then 
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random selected between [0 ~ K-1]
· For beam direction in horizontal domain and co-phase between two cross polarization groups, either fixed precoder through fixed PMI (i1,i2 ) by codebook set restriction or following UE reporting PMI values  (i1,i2 ).
Test Configuration
For CSI class B K>1, each of the K beams is configured as one Rel.12 NZP CSI-RS resource with number of CSI-RS ports as Nk = {1, 2, 4, 8}.  The total number of CSI-RS ports
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=

k

k

Total

N

N

, and the maximum number of Ntotal takes value depending on UE capability. The detailed values for Ntotal will be decided in February RAN1 meeting, and {16, 32, 64} is the possible set.
Following RAN1 agreement, for each CSI-RS resource, number of CSI-RS ports is configured separately. In order to simplify RAN4 test design, we can configure all the CSI-RS resources with same Nk i.e. 4, 8 based on Ntotal.
Regarding UE capability, separate test configurations for different Ntotal can be introduced in RAN4 with different combination of Nk (number of CSI-RS resource port) and K (number of CSI-RS resource). And based on UE capability, UE was only required to pass the corresponding test case. Assuming, candidate capability value as {16, 32, 64}, then such test configuration can be considered as a start point.

Proposal 5: Introducing separate test cases with different combination of Nk (number of CSI-RS resource port) and K (number of CSI-RS resource) based on UE capability. An example was given in table below:
	Ntotal
	Nk, K
	Antenna & Channel
	MCS &Rank

	
	Number of CSI-RS resources

K
	Number of CSI-RS ports 
Nk
	eNB antennas

(M,N,P)Note1
	Fading Channel
	Antenna Correlation

Note2
	

	16
	4
	4
	16(4,2,2)
	EPA5
	2D XP High
	[16QAM 1/2]   Rank 1

	32
	8
	4
	16(4,2,2)
	EPA5
	2D XP High
	[16QAM 1/2] Rank1

	64
	8
	8
	16(2,4,2)
	EPA5
	2D XP High
	[16QAM 1/2] Rank1

	Note 1: M corresponding number of antennas in vertical direction at eNB side

            N corresponding number of antennas in horizontal direction at eNB side

            P corresponding number of cross antenna polarized groups at eNB side

Note 2: Channel modelling for 2D XP High channel refer to [3]


2.2 Simulation results
Following proposed test and test configuration in last chapter, absolute throughput performances with several beam-forming adaptation methods were evaluated:

· Case1:Following UE reporting CRI (for vertical beam-forming) and PMI values( i1,i2) (for horizontal beam-forming)
· Case2:Random selection CRI (for vertical beam-forming) and following UE reporting PMI values(i1,i2) (for horizontal beam-forming)

Based on detailed simulation assumption as in table below, absolute throughput performances with several Beam-forming adaptation methods were summarized in figure 1 ,figure 3 and figure 5 for Ntotal = {16,32,64} separately.
Relative throughput ratio with following CRI and random CRI for different cases with different number of total CSI-RS ports were given in figure 2, figure 4 and figure 6.
Simulation assumption for Class B K>1
	Parameter
	Unit
	Test 1 (Ntotal =16)
	Test 2 (Ntotal=32)
	Test 3 (Ntotal=64)

	Bandwidth
	MHz
	10
	10
	10

	Transmission mode
	
	9
	9
	9

	Propagation channel
	
	EPA5
	EPA5
	EPA5

	Precoding granularity
(only for reporting and following PMI)
	PRB
	50
	50
	50

	Correlation and antenna configuration
	
	High XP 16 x 2
	High XP 16 x 2
	High XP 16 x 2

	Beamforming model
	
	[TBD]
	[TBD]
	[TBD]

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

	CSI reference signals Note1
	
	Antenna ports

15,…,18
	Antenna ports

15,…,18
	Antenna ports

15,…,22

	Number of CSI-RS portsNote1
(Nk)
	
	4
	4
	8

	CSI-Reporting-Type 
	
	Class B
	Class B
	Class B

	Number of NZP-CSI resources (K)
	
	4
	8
	8

	NZP-CSI-RS-ID-List
	
	{0,1,2,3}
	{0,1,2,3,4,5,6,7}
	{0,1,2,3,4,5,6,7}

	legacyCSRList
	
	{0,0,0,0}
	{0,0,0,0,0,0,0,0}
	{0,0,0,0,0,0,0,0}

	CSI reference signal configuration List
	
	{0,1,2,3}
	{0,1,2,3,4,5,6,7}
	{0,1,2,3,0,1,2,3,4}

	CSI-RS-SubframeConfig  List
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	{1,1,1,1}
	{1,1,1,1,1,1,1,1}
	{1,1,1,1,2,2,2,2}

	Codebook-Subset-Config with ID=0
	
	[TBD]
	[TBD]
	[TBD]

	Reporting mode
	
	PUSCH 3-1
	PUSCH 3-1
	PUSCH 3-1

	Reporting interval
	ms
	5
	5
	5

	CRI Delay
	ms
	8
	8
	8

	 PMI delay 
	ms
	8
	8
	8

	Measurement channel
	
	MCS 14 for all SFs
	MCS 14 for all SFs
	MCS 14 for all SFs

	Rank Number of PDSCH
	
	1
	1
	1

	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 all the configured NZP-CSI resources, number of CSI-RS ports Nk is same value for each of specific test




	
[image: image27]
Figure 1: Absolute throughput vs. SNR for Ntotal =16
	
[image: image28]
Figure 2: Relative throughput ratio vs. SNR for Ntotal =16

	
[image: image29]
Figure 3: Absolute throughput vs. SNR for Ntotal =32
	
[image: image30]
Figure 4: Relative throughput ratio vs. SNR for Ntotal =32

	
[image: image31]
Figure 5: Absolute throughput vs. SNR for Ntotal =64
	
[image: image32]
Figure 6: Relative throughput ratio vs. SNR for Ntotal =64


Based on simulation results, we can observe:

· Large performance gap can be observed for between following CRI and random CRI for each test case. Reference SNR point and TP ratio at 70% relative throughput were summarized in table below:

	Test case
	70% Relative Throughput

	
	SNR [dB]
	TP ratio

	Test 1 Ntotal =16
	-2.8
	3.1

	Test 2 Ntotal =32
	-2.5
	3.5

	Test 3 Ntotal =64
	-2.2
	1.5


3 Conclusion

In this contribution, we give detailed test case design for CSI Class B with K>1 CRI test.
Proposal 1: Introducing CRI test case for CSI Class B K>1 with such propose

· Verify UE reporting CRI accuracy
· Verify UE process capability to support maximum of total CSI-RS ports

Proposal2: Relative throughput ratio between following CRI and fixed/random CRI can be use for CRI test:

· Alt1: 
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· Configured K CSI-RS resources with different beam directions in vertical domain

·  
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is throughput using vertical beam-forming according to the UE reports CRI, and 
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is the throughput with random precoding  in vertical direction.

· Alt2: 
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·   Class B K>1: Configured multiple (K) CSI-RS resources with different beam directions in vertical domain, following CRI reporting to achieve 
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· Class B K=1 with PMI-config =0: Configured 1 CSI-RS resource with fixed vertical beam direction, get 
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Proposal 3: Introducing Beam-forming Model for CSI-RS resources as below:
· For kth CSI-RS resource, CSI-RS modulation symbols 
[image: image39.wmf](

)

)

,

(

l

k

y

p

RS

CSI

-

 with 
[image: image40.wmf]{

}

k

N

p

+

Î

14

,...,

16

,

15

 are mapped to N1 physical antennas with beam-forming weights, mapping physical antenna indexes as 
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· Beam-forming matrix in vertical domain is corresponding to
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· K corresponding number of configured CSI-RS resources

· Nk corresponding number of number of CSI-RS ports

Proposal 4: Introducing Beam-forming Model for data/DMRS resources as below:
· Beam-forming matrix for data/DMRS can be specified as below:
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· 
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 is precoding matrix based on existing 8Tx or 4Tx dual codebook , 
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· 
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 corresponding to a specific test depending vertical beam-forming method:
· For following UE reporting CRI , then 
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· For fixed vertical beam direction , then 
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equal to fixed value i.e. 0
· For random vertical beam direction , then 
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random selected between [0 ~ K-1]
· For beam direction in horizontal domain and co-phase between two cross polarization groups, either fixed precoder through fixed PMI (i1,i2 ) by codebook set restriction or following UE reporting PMI values  (i1,i2 ).
· Proposal 5: Introducing separate test cases with different combination of Nk (number of CSI-RS resource port) and K (number of CSI-RS resource) based on UE capability. A example was given in table below:
	Ntotal
	Nk, K
	Antenna & Channel
	MCS &Rank

	
	Number of CSI-RS resources

K
	Number of ports 

Nk
	eNB antennas

(M,N,P)Note1
	Fading Channel
	Antenna Correlation

Note2
	

	16
	4
	4
	16(4,2,2)
	EPA5
	2D XP High
	[16QAM 1/2]   Rank 1

	32
	8
	4
	16(2,4,2)
	EPA5
	2D XP High
	[16QAM 1/2] Rank1

	64
	8
	8
	16(2,4,2)
	EPA5
	2D XP High
	[16QAM 1/2] Rank1

	Note 1: M corresponding number of antennas in vertical direction at eNB side

            N corresponding number of antennas in horizontal direction at eNB side

            P corresponding number of cross antenna polarized groups at eNB side

Note 2: Channel modelling for 2D XP High channel refer to [3]


4 Reference

[1] R4-158381,” Way forward on UE and BS performance requirements for FD-MIMO”, Samsung
[2] R4-160071,”Overview on UE performance requirements for FD-MIMO”, Samsung
[3] R4-160069, “Channel modeling for EB/FD MIMO”, Samsung
8/8

[image: image56.jpg]TMA 16*2 EPAS XP High Class B CRI test 16ports{{kd,nkd))

£
=
5
2
£
5
Ei
2
£
£

S0 00 10
SNRIdB]




[image: image57.jpg]TMS 16*2 EPAS XP High Class B CRI test 16ports{{kd,nkd))

400

g
k3
4
5
a
£
=)
E
2
z
=

1.00

0.00
-1 0
SNRIdB]




[image: image58.jpg]TMO 16*2 EPAS XP High Class B CRI test32((ks,nkd))

£
=
5
2
£
5
Ei
2
£
£

S0 00 10
SNRIdB]




[image: image59.jpg]TMA 16*2 EPAS XP High Class B CRI test 32ports{(kg,nkd))

g
k3
4
5
a
£
=)
E
2
z
=

-1
SNRIdB]




[image: image60.jpg]TMS 16*2 EPAS XP High Class B CRI test 54ports{(kg,nkg))

£
=
5
2
£
5
Ei
2
£
£

40 10 00 10 20

SNRIdB]




[image: image61.jpg]TMA 16*2 EPAS XP High Class B CRI test 64ports{(kg,nkg})

g
k3
4
5
a
£
=)
E
2
z
=

-4




_1515853436.unknown

_1515946094.unknown

_1515946098.unknown

_1515946100.unknown

_1515946101.unknown

_1515946099.unknown

_1515946096.unknown

_1515946097.unknown

_1515946095.unknown

_1515945926.unknown

_1515946044.unknown

_1515946093.unknown

_1515946092.unknown

_1515945997.unknown

_1515946019.unknown

_1515944455.unknown

_1515944383.unknown

_1515605860.unknown

_1515606842.unknown

_1515606857.unknown

_1515833570.unknown

_1515605992.unknown

_1515604706.unknown

_1515604976.unknown

_1515605136.unknown

_1515605328.unknown

_1515605348.unknown

_1515605267.unknown

_1515605027.unknown

_1515604855.unknown

_1515603199.unknown

_1515604494.unknown

_1348998846.unknown

_1515603158.unknown

