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1 Introduction

In the last meeting RAN 4 has agreed to base the CSI fading test on the agreed framework in [1]. 
The conditions agreed are as follows:

· 2 TPs are configured with no timing and frequency offset

·  Test is performed under CoMP scenario 3 with colliding CRS

·  The Antenna configuration and DL propagation channel: 

· Target TP: 

· Option 1: 4x2 high correlation with EPA5

· Option 2: 4x2 low correlation with EPA5

· Option 3: 2x2 low correlation with EPA5

· Interference TP:

·  Option 1: 4x2 high correlation with Clause B.2.4 in TS36.101

·  Option 2: 4x2 low correlation with ETU5

·  Option 3: 2x2 low correlation with Clause B.2.4 in TS36.101

· Power difference between TPs: 5dB

· The number of CSI processes configured in the actual test is according to UE maximum CSI 
· Test metric
· Apply Rel-10 reporting accuracy metric (BLER and throughput) on one selected CSI process and distribution metric on all configured CSI processes

· Introduce delta CQI requirement to verify UE reporting accuracy for configured CSI processes
In the framework document the following is captured for information.

The resources allocation is shown in figure 1.
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Figure 1 CSI resource allocation for CQI fading test ([1])

And the CSI processes configuration is provided in Table 1:

Table 1. CSI process configuration for CQI fading test, [1]
[image: image2.emf]TP0 TP1 Channel part

Interference 

part

Interference 

source

Estimated SINR  Option 1 Option 2

0 (DPB)

Desired signal Blanking/Muting NZP CSI-RS 0 IMR 0

N

oc

TP

1/

N

oc

PUSCH 3-1 PUCCH 1-1

1 (DPB)

Blanking/Muting Desired signal NZP CSI-RS 1 IMR 0

N

oc

TP

2/

N

oc

PUCCH 1-1 PUCCH 1-1

2 (DPS)

Desired signal Interference NZP CSI-RS 0 IMR 1

TP

2

+N

oc

TP

1/(

TP

2+

N

oc

) PUSCH 3-1 PUCCH 1-1

3 (DPS)

Interference Desired signal NZP CSI-RS 1 IMR 2

TP

1

+N

oc

TP

2/(

TP

1+

N

oc

) PUSCH 3-1 PUCCH 1-1

PDSCH transmission

CSI process 

(TX scheme)

CQI measurement CSI reporting


This document provides the simulation results.
2 CQI Testing in fading conditions: Results
Three aspects need to be tested:

· The reported CQI follows a certain statistic: this can be tested via the distribution metric for one process only to avoid increasing test time
· The reported CQI is accurate (test BLER and gamma metric): this could be tested on a single process to avoid increasing test time

· The CQI computed on one process is not used to report CQI associated to other processes: this is tested via a delta CQI metric between the process selected for BLER and gamma metric testing and any other process. 

In order to verify the above points the set up was agreed in the last meeting in [1].
Table 2. parameters
	Parameter
	Unit
	Test 1

	
	
	TP1
	TP2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	10
	TM10 OCNG

	Downlink power allocation
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	Propagation channel,

antenna configuration and correlation
	
	Option 1: EPA5 ULA High (4x2)

Option 2: EPA5 Low (4x2)
Option3: 

EPA5 Low (2x2)
	Option 1: Clause B.2.4 with 
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	Beamforming Model
	
	As specified in Section B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals 0
	
	Antenna ports 15,…,18
	N/A

	CSI-RS 0 periodicity and subframe offset  TCSI-RS / ∆CSI-RS 
	
	5/1
	N/A

	CSI-RS 0 configuration
	
	0
	N/A

	CSI reference signals 1
	
	N/A
	Antenna ports 15,…,18

	CSI-RS 1 periodicity and subframe offset  TCSI-RS / ∆CSI-RS 
	
	N/A
	5/1

	CSI-RS 1 configuration
	
	N/A
	5

	Zero-power CSI-RS 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	1 / 1000000000000000

	Zero-power CSI-RS 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 / 0000010000000000
	N/A

	IMR 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	1 /

0010000000000000

	IMR 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0000001000000000
	N/A

	IMR 2 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	1 /

0100000000000000

	CSI process 0 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 0/IMR 0/PUSCH 3-1 or PUCCH 1-1

	CSI process 1 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 1/IMR 0/PUCCH 1-1

	CSI process 2 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 0/IMR 1/PUSCH 3-1 or PUCCH 1-1

	CSI process 3 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 1/IMR 2/PUSCH 3-1 or PUCCH 1-1

	CSI process for PDSCH scheduling
	
	2

	Cell ID
	
	0
	6

	QCLed CSI-RS
	
	CSI-RS 0
	CSI-RS 1

	QCLed CRS
	
	Cell ID 0
	Cell ID 6

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001

	Reporting interval
	Ms
	5

	CQI delay
	Ms
	8

	 Sub-band size
	RB
	6 (full size)

(Note 5)

	Max number of HARQ transmissions
	
	1
	N/A

	Timing offset between TPs
	Us
	0

	Frequency offset between TPs
	Hz
	0

	Simulation length
	Ms
	10000

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:   3 symbols allocated to PDCCH

Note 3:
PDSCH transmission is scheduled on subframe 2, 3, 4, 7, 8 and 9.

Note 4:
TM10 OCNG is transmitted on subframe 1 and 6 from both TP.

Note 5:
For these sub-bands which are not selected for PDSCH transmission, TM10 OCNG should be transmitted.


In general it would be better to define the same reporting mode for all the processes in order to avoid solutions which detect the reporting mode and associate it to a certain process for which correct accuracy/correct values should/can be reported. One could consider checking the accuracy of the reporting for 2 processes or to define the same reporting mode for all the processes.  In the following we provide the results for both the cases. In case the same reporting mode is considered we propose to use PUCCH 1-1 for all.
2.1  Case 1: All processes have reporting mode PUCCH 1-1
Table 3-5 shows the BLER performance, the throughput for follow CQI and the throughput for median CQI and gamma for the 4 processes for option 1, 2 and 3 

	Propagation channel,

antenna configuration and correlation
	
	Option 1: EPA5 ULA High (4x2)

Option 2: EPA5 Low (4x2)
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EPA5 Low (2x2)
	Option 1: Clause B.2.4 with 
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Note that 
· For process 0 SINR=SNR=15dB

· For process 1 SINR=SNR=10dB

· For process 2 SINR~5dB

· For process 3 SINR~-5dB

PPDSCH transmission follows table 1, i.e. for process 0 TP2 is blanked and for process 1 TP1 is blanked.
Table 3: Simulation results, Option 1
	
	Process 0
	Process 1
	Process 2
	Process 3

	Throughput follow
	15,33
	6,83
	7,90
	4,43

	BLER follow
	0,34
	0,56
	0,36
	0,25

	Throughput Median CQI
	13,62
	0,26
	7,13
	2,92

	BLER Median CQI
	0,43
	0,99
	0,45
	0,47

	Median CQI
	14
	12
	10
	6

	Gamma
	1,13


	26,37


	1,11


	1,52




Table 4: Simulation results, Option 2
	
	Process 0
	Process 1
	Process 2
	Process 3

	Throughput follow
	10,80
	2,87
	8,49
	2,53

	BLER follow
	0,43
	0,75
	0,26
	0,65

	Throughput Median CQI
	8,05
	3,02
	7,70
	2,41

	BLER Median CQI
	0,62
	0,77
	0,32
	0,73

	Median CQI
	13
	10
	9
	8

	Gamma
	1,34
	0,95


	1,10
	1,05


Table 5: Simulation results, Option 3
	
	Process 0
	Process 1
	Process 2
	Process 3

	Throughput follow
	7,86
	3,36
	6,36
	6,29

	BLER follow
	0,61
	0,75
	0,58
	0,40

	Throughput Median CQI
	8,58
	0,86
	8,81
	6,09

	BLER Median CQI
	0,60
	0,94
	0,44
	0,47

	Median CQI
	13
	11
	11
	9

	Gamma
	0,92


	3,91


	0,72
	1,03





Note that if the accuracy is only reported for process 2, since CRSs are colliding, nothing prevents the UE to do the interference estimation on the CRSs rather than on the IMR. The results would be very similar to those provided in the table for process 2. The correct usage of IMR rather than CRS to compute interference is however tested in the CSI static test.


	
	

	
	

	
	

	
	

	
	


Figure 1-3 show the CQI statistics for the 4 processes for the 3 options
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Figure 1: CQI statistic for the 4 processes, Option 1
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Figure 2: CQI statistic for the 4 processes, Option 2
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Figure 3: CQI statistic for the 4 processes, Option 3

The delta median CQI requirements could be defined depending on which process is considered and which option. However it seems difficult to discriminate between process 1 and 2 in option 3. Option 1 seems to be the option for which a requirement based on delta metric is the easiest
Delta CQI is defined as follows
Delta CQI =|Median CQIi-median CQIj|

2.2 Case 2: use different reporting mode depending on the processes.
According to this case the reporting mode is configured as PUSCH 3-1 for process 0, 2 and 3 and PUCCH 1-1 for process 1.  Table 5 provides the simulation results for the 3 options and for process 0-3. Under this test the PDSCH Resource allocation is only 6PRBs.

Table 6: Simulation results, Option 1
	
	Process 0
	Process 1
	Process 2
	Process 3

	Throughput follow
	2,32
	1,48
	0,89
	0,80

	BLER follow
	0,26
	0,45
	0,53
	0,28

	Throughput Median CQI
	2,17
	1,09
	0,94
	0,36

	BLER Median CQI
	0,25
	0,51
	0,39
	0,45

	Median CQI
	14
	12
	10
	6

	Gamma
	1,07


	1,36


	0,95


	2,25




Table 7: Simulation results, Option 2

	
	Process 0
	Process 1
	Process 2
	Process 3

	Throughput follow
	1,13
	0,31
	1,11
	0,48

	BLER follow
	0,59
	0,83
	0,40
	0,65

	Throughput Median CQI
	1,23
	0,62
	0,86
	0,44

	BLER Median CQI
	0,52
	0,60
	0,36
	0,59

	Median CQI
	13
	10
	9
	8

	Gamma
	0,92


	0,50


	1,29


	1,09




Table 8: Simulation results, Option 3

	
	Process 0
	Process 1
	Process 2
	Process 3

	Throughput follow
	0,64
	1,00
	0,75
	0,99

	BLER follow
	0,77
	0,59
	0,68
	0,45

	Throughput Median CQI
	1,36
	0,95
	1,05
	0,65

	BLER Median CQI
	0,48
	0,50
	0,45
	0,53

	Median CQI
	13
	11
	11
	9

	Gamma
	0,47


	1,05


	0,71


	1,53




*Note that for process 0, 2 and 3 the BLER follow is obtained with randomly selected sub-band among the sub-bands with the highest differential CQI offset. The BLER median is obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S.  According to the requirements BLER follow should be greater than 0.05. 

The median CQIs and the statistic is very similar to the case of wideband CQI.
Note that the use of the 2 tap channels which was defined for 1x2 channel matrix may be problematic here as it may be sensitive to phase errors especially when there are many antennas. Additionally care should be taken when selecting the precoder to use, since all the taps are in phase from all the tx antennas. 
3 Conclusions

It is proposed to consider the parameters in table 2 for the definition of the requirements, with preference for option 1 or alternatively for 2 (even if in option 2 the definition of a delta CQI requirement may be difficult). Process 2 can be considered for the reporting of the accuracy, two options are proposed: either all the processes are configured with the same reporting mode or 2 processes with different reporting mode are considered for the accuracy requirements. The above tables in Section 2.2 provide our initial simulation results according to the agreed set up. 
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Annex A: parameters
	Parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	10
	TM10 OCNG

	Downlink power allocation
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	Propagation channel,

antenna configuration and correlation
	
	Option 1: EPA5 ULA High (4x2)

Option 2: EPA5 Low (4x2)

Option3: 

EPA5 Low (2x2)
	Option 1: Clause B.2.4 with 
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	Beamforming Model
	
	As specified in Section B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals 0
	
	Antenna ports 15,…,18
	N/A

	CSI-RS 0 periodicity and subframe offset  TCSI-RS / ∆CSI-RS 
	
	5/1
	N/A

	CSI-RS 0 configuration
	
	0
	N/A

	CSI reference signals 1
	
	N/A
	Antenna ports 15,…,18

	CSI-RS 1 periodicity and subframe offset  TCSI-RS / ∆CSI-RS 
	
	N/A
	5/1

	CSI-RS 1 configuration
	
	N/A
	5

	Zero-power CSI-RS 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	1 / 1000000000000000

	Zero-power CSI-RS 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 / 0000010000000000
	N/A

	IMR 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	1 /

0010000000000000

	IMR 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0000001000000000
	N/A

	IMR 2 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	1 /

0100000000000000

	CSI process 0 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 0/IMR 0/PUSCH 3-1

	CSI process 1 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 1/IMR 0/PUCCH 1-1

	CSI process 2 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 0/IMR 1/PUSCH 3-1

	CSI process 3 configuration

Signal/Interference/Reporting mode
	
	CSI-RS 1/IMR 2/PUSCH 3-1

	CSI process for PDSCH scheduling
	
	2

	Cell ID
	
	0
	6

	QCLed CSI-RS
	
	CSI-RS 0
	CSI-RS 1

	QCLed CRS
	
	Cell ID 0
	Cell ID 6

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001

	Reporting interval
	Ms
	5

	CQI delay
	Ms
	8

	 Sub-band size
	RB
	6 (full size)

(Note 5)

	Max number of HARQ transmissions
	
	1
	N/A

	Timing offset between TPs
	Us
	0

	Frequency offset between TPs
	Hz
	0

	Simulation length
	Ms
	10000

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:   3 symbols allocated to PDCCH

Note 3:
PDSCH transmission is scheduled on subframe 2, 3, 4, 7, 8 and 9.

Note 4:
TM10 OCNG is transmitted on subframe 1 and 6 from both TP.

Note 5:
For these sub-bands which are not selected for PDSCH transmission, TM10 OCNG should be transmitted.
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