
Page 4
Draft prETS 300 ???: Month YYYY

[bookmark: _Hlk487029736]3GPP TSG-RAN WG4 Meeting #84	R4-1707682
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Berlin, Germany, 21 – 25 August 2017

Agenda Item:	7.15.2.3
Source:	Ericsson
Title:	Discussion on PMI test for advanced CSI codebook
Document for:	Discussion
1	Introduction
RAN4#83 discussed the test setup and metric for the PMI test for eFD-MIMO advanced CSI codebook [1][2] and agreed with the following way forward:
RAN4#83 agreed with the following way forward on PMI/RPI reporting test [1]:
· Test metric: existing test metric for PMI test case as relative throughput ratio under FRC as starting point: 
· Randomize only {i1,3, i2, RPI}
· Introduce advanced Codebook PMI test case with below configuration:
· PUSCH 1-2 feedback mode, 16 CSI-RS ports with (N1,N2) = (2,4), (O1, O2) = (8, 4),  CDM4, CSS configuration = 1,2, 3, 4 , EVA5Hz, with Rank2 transmission
· FFS for beam steering method
· Option 1: multi-cluster beam steering
· Other options not excluded
We continue the discussion on the test setup and metric based on our simulation result.
2	Discussion
[bookmark: _Ref352176984]2.1	Followed-PMI/RPI result
We first show our follow-PMI/RPI simulation results. Since the advanced CSI codebook is based on the class A codebook, we show the follow-PMI performance comparison between Class A codebook and advanced CSI. 
The detailed simulation setup is shown in the appendix. In the simulation, we have used multi-cluster beam steering model as follows:

,

where .

 is the steering diagonal matrix specified in TS36.101 B.2.3B.4.


Figure 1 shows the simulation results with the common propagation channel matrix (i.e., ) and independent propagation channel matrix (i.e., ) discussed in [2]. We also show the results with EVA5 medium antenna correlation scenario in addition to EVA5 high antenna correlation scenario. The parameters used for antenna correlation is given in Table 1. Each figure shows the throughput curves for:
· Advanced CSI codebook (followed PMI/RPI).
· Class A codebook (followed PMI).
· Advanced CSI codebook with fixed PRI=0. This means UE is reported the preferable PMI/RPI but eNB set RPI=0. 
· Randomized precoder indexes i1,3, i2, and RPI, as agreed in WF.  
It is observed that the performance gain of advanced CSI codebook is not so large compared with the class A codebook especially in higher antenna correlation case. This means if we set the metric as the ratio between follow PMI/RPI over randomized {i1,3, i2, RPI}, the UE reporting only Class A codebook may pass the test depending on the throughput ratio threshold.
[bookmark: _Ref488152699]Table 1	MIMO correlation matrix parameters.
	
	α1
	α2
	β
	γ

	High spatial correlation
	0.9
	0.9
	0.9
	0.3

	Medium spatial correlation
	0.3
	0.3
	0.6
	0.2
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[bookmark: _Ref488151969]Figure 1	Simulation results of the followed Class A PMI, followed Advanced CSI PMI/PRI, followed Advanced CSI with RPI=0, and followed Advanced CSI with randomized {i1,3, i2, RPI}. 
2.2	Proposed metric for PMI/RPI test
To avoid that UE reporting only Class A codebook pass the RAN4 PMI/RPI test, we propose to consider another metric. One option is to simply compare the throughput ratio between the followed Advanced CSI PMI/RPI over the followed Class A PMI. Another option is to compare the throughput ratio between the followed Advanced CSI PMI/RPI over the followed Advanced CSI PMI with fixed RPI=0. 
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[bookmark: _Ref488154609]Figure 2	Throughput ratios of 1) the followed Class A PMI over followed Advanced CSI with randomized {i1,3, i2, RPI}, 2) the followed Advanced CSI PMI/RPI over followed Advanced CSI with randomized {i1,3, i2, RPI}, and 3) the followed Advanced CSI PMI/RPI over followed Advanced CSI with RPI=0.
Figure 2 compares the throughput ratios:
1) the followed Class A PMI over followed Advanced CSI with randomized {i1,3, i2, RPI}, 
2) the followed Advanced CSI PMI/RPI over followed Advanced CSI with randomized {i1,3, i2, RPI}, and 
3) the followed Advanced CSI PMI/RPI over followed Advanced CSI with RPI=0.
When we focus on SNR=5dB, corresponding to 70% of the maximum throughput with the followed advanced CSI PMI/RPI, the throughput ratio 2) is larger than other metrics. It is also observed that the throughput ratio 1) is close to the ratio 2) because the throughput with Advanced CSI PMI/RPI is slight higher than Class A PMI, depending on the condition. Especially for EVA5 high correlation with common channel matrix, there is no difference. This means UE reporting only Class A PMI may pass the advanced CSI PMI/RPI test. 
One option to avoid UE reporting Class A PMI only pass the Advanced CSI PMI/RPI test is to use the channel condition which can show the significant difference between Class A PMI and Advanced CSI PMI/RPI, such as EVA5 middle correlation. 
We could use another throughput ratio 3). When RPI is fixed to 0, the advanced CSI PMI is almost same as Class A except for the second precoder. The advantage of this metric is to avoid the UE only reporting the Class A PMI pass the Advanced CSI PMI/RPI test. Alternatively, we can use the throughput ratio between the advanced CSI PMI/RPI and Class A PMI. However, this means the test needs the throughput data with Class A PMI and this is overlap with the existing Class A test. 
Proposal 1: RAN4 should use one of metrics (throughput ratios) for the Advanced PMI/RPI reporting test:
Option 1: Throughput ratio between the followed Advanced PMI/RPI and followed Advanced PMI with fixed RPI=0. 
[bookmark: _GoBack]Option 2: Throughput ratio between the followed Advanced PMI/RPI and randomized {i1,3, i2, RPI} with the Advanced CSI. The threshold should be chosen carefully in order to avoid UE only reporting Class A PMI pass the test. 
Option 3: Throughput ratio between the followed Advanced PMI/RPI and the followed Class A PMI. 
Proposal 2: If RAN4 agree with the metric above, use lower antenna correlation matrix such as:
	
	α1
	α2
	β
	γ

	Medium spatial correlation
	0.3
	0.3
	0.6
	0.2
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Appendix
Simulation setup (based on [2])
	[bookmark: RANGE!A1]Parameter
	Unit
	Test 1 (Multiple PMI test) -16ports

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EVA5

	Precoding granularity
(only for reporting and following PMI)
	
	6

	Correlation and antenna configuration
	
	2D High XP 16 x 2
(N1,N2,P) =(2,4,2)

	Beamforming model
	
	[Annex B.4.3]
p=-1dB

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

	
	
	15,…,30

	Number of CSI-RS ports
	
	16

	CDM Type
	
	CDM4

	CSI-RS periodicity and subframe offset  
TCSI-RS / ICSI-RS
	
	5/1

	NZP-CSI-RS-Configuration-List
	
	{0,1,2,3}

	FrequencyDensityNonPrecoded
	
	1

	NZP-TransmissionCombNonprecoded
	
	1

	eMIMO-Type
	
	Class A

	advancedCodebookEnabled
	
	True

	codebookConfig-N1
	
	2

	codebookConfig-N2
	
	4

	codebook-Over-Sampling-RateConfig-O1
	
	4

	codebook-Over-Sampling-RateConfig-O2
	
	4

	codebookSubsetRestriction-1
	
	0x02 
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF
FFFF FFFF FFFF FFFF

	codebookSubsetRestriction-2
	
	Codebook-Config 1: 
0000 1111 0000
Codebook-Config 2,3,4:
 0x 00 000000 FFFF 0000

	Reporting mode
	
	PUSCH 1-2

	Reporting interval
	ms
	5

	PMI delay
	ms
	8

	Measurement channel
	
	16QAM 1/2
(R.45 FDD )

	Rank Number of PDSCH
	
	2

	Max number of HARQ transmissions
	
	4

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





5

oleObject1.bin

image2.wmf
(

)

)

(

)

(

1

0

0

1

2

1

)

(

,

2

,

1

,

2

,

1

,

N

D

N

D

D

k

k

k

k

m

q

q

q

q

Ä

Ä

ú

û

ù

ê

ë

é

=


oleObject2.bin

image3.wmf
)

(

,

N

D

j

k

q


oleObject3.bin

image4.wmf
)

2

(

)

1

(

H

H

=


oleObject4.bin

image5.wmf
)

2

(

)

1

(

H

H

¹


oleObject5.bin

image6.emf
-5 0 5 10 15

SNR [dB]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

T

h

r

o

u

g

h

p

u

t

 

[

b

p

s

]

10

7

EVA5 high, Independent channel matrix

Class A, followed PMI

Advanced precoder, followed PMI/RPI

Advanced precoder, followed PMI, RPI=0

Advanced precoder, random w2/RPI


image7.emf
-5 0 5 10 15

SNR [dB]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

T

h

r

o

u

g

h

p

u

t

 

[

b

p

s

]

10

7

EVA5 high, Common channel matrix

Class A, followed PMI

Advanced precoder, followed PMI/RPI

Advanced precoder, followed PMI, RPI=0

Advanced precoder, random w2/RPI


image8.emf
-5 0 5 10 15

SNR [dB]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

T

h

r

o

u

g

h

p

u

t

 

[

b

p

s

]

10

7

EVA5 medium, Independent channel matrix
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