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1 Introduction

In the last meeting RAN 4 has agreed the framework in [1] to base the CQI results on. Details for both the static and the fading tests are also provided.

This document provides initial simulation results for both the tests
2 CQI Test for Static Channel

The following was agreed for the CQI static test:
· Test is performed under CoMP scenario 4
· TP and channel configurations:
· Target TP1: 
· Clause B.1 (4x2)  with fixed PMI and rank 2 transmission
· Fixed PMI 8 (codebook subset restriction 0x0000 0000 0100 0000)
· Interference TP2:
·  Clause B.1 (2x2)  with fixed precoding  [image: image1.emf] 
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                   and rank 2 transmission
· Power offset (TP1/TP2): 5:1:15 dB
· TP1 SNR : 20 dB
· Test metric
· FFS whether we can reuse test metric for Rel-10 TM9 CQI definition test
Figure 1 and Table 1 show the test set up:
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Figure 1 CSI resource configuration for CQI definition test

Table 1: Simulation assumptions for CQI definition test

	Parameter
	Unit
	Test 1

	
	
	Cell 1 TARGET TP
	Cell 2 INTERFERING TP

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	TM10
	TM10

	SNR
	dB
	20
	5:1:15
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	dB[mW/15kHz]
	-98

	Propagation channel and antenna configuration
	
	Clause B.1 (4x2)
	Clause B.1 (2x2)

	Timing offset between TPs
	us
	0

	Frequency offset between TPs
	Hz
	0

	Cell-specific reference signals
	
	Antenna ports 0,1
	N/A

	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

	Zero-power CSI-RS 0 configuration

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

	IMR 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	N/A

	CSI process 0 configuration

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

	Cell ID
	
	0
	0

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0100 0000
	100000

	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Max number of HARQ transmissions
	
	1
	N/A


The legacy metric is defined as follows:

wideband CQI1 = wideband CQI0 – Codeword 1 offset level
The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1 +1} for more than 90% of the time, where the resulting wideband values CQI1 shall be used to determine the median CQI values for codeword #1. For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 – 1 and median CQI1 – 1 shall be less than or equal to 0.1. Furthermore, for both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 + 1 and median CQI1 + 1 shall be greater than or equal to 0.1.
In the following we report the spread of the wideband CQI1 and the BLER performance for both codewords for several SNR as indicated in Table 1. In addition, we compare the results when the UE uses the IMR to estimate the noise and the interference and when the UE uses wrongly CRSs. 

Table 2. Spread of wideband CQI 1.

	SNR
	Pr(CQI1({median CQI1 -1, median CQI1 +1}) Using IMR
	Pr(CQI1({median CQI1 -1, median CQI1 +1}) Using CRS

	5
	100%
	100%

	6
	100%
	100%

	7
	100%
	100%

	8
	100%
	100%

	9
	100%
	100%

	10
	100%
	100%

	11
	100%
	100%

	12
	100%
	100%

	13
	100%
	100%

	14
	100%
	100%

	15
	100%
	100%


Table 3. BLER performance

	SNR
	Using IMR
	Using CRS
	Using IMR
	Using CRS

	
	Codeword 0
	Codeword 1

	
	BLER@medianCQI-1/ BLER@median CQI+1 
	BLER@medianCQI-1/ BLER@median CQI+1 
	BLER@medianCQI-1/ BLER@median CQI+1 
	BLER@medianCQI-1/ BLER@median CQI+1 

	5
	0.0% / 100.0%
	100% / 100%
	0.0% / 100.0%
	100% / 100%

	6
	0.1% / 100.0%
	100% / 100%
	0.1% / 100.0%
	100% / 100%

	7
	0.0% / 100.0%
	100% / 100%
	0.0% / 100.0%
	100% / 100%

	8
	0.0% / 72.7%
	100% / 100%
	0.2% / 100.0%
	100% / 100%

	9
	0.0% / 100.0%
	100% / 100%
	0.1% / 100.0%
	100% / 100%

	10
	0.0% / 98.7%
	100% / 100%
	0.1% / 100.0%
	100% / 100%

	11
	0.0% / 100.0%
	100% / 100%
	0.0% / 100.0%
	100% / 100%

	12
	0.0% / 100.0%
	100% / 100%
	0.0% / 100.0%
	100% / 100%

	13
	0.1% / 100.0%
	100% / 100%
	0.1% / 100.0%
	100% / 100%

	14
	0.1% / 100.0%
	100% / 100%
	0.0% / 100.0%
	100% / 100%

	15
	0.3% / 100.0%
	100% / 100%
	0.3% / 100.0%
	100% / 100%


From the above table the following can be observed:

The BLER metric can be efficiently used to discriminate between correct IMR usage.
Proposal 1: Consider reusing the legacy metric. Performance requirements can be defined for SNR of the target cell =20dB and SNR of the interfering cell =5-15dB 
3 CQI Testing in fading conditions: Results
The following was agreed for CQI fading test:

· Scheduling
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· Distribution requirement is applied on all the configured CSI processes
· Accuracy requirement is applied on CSI process 2
· FFS if delta CQI is defined between all the configured CSI processes
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Figure 2  CSI resource configuration for CQI fading test
	Parameter
	Unit
	Test 1

	
	
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	10
	10

	Downlink power allocation
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	(
	dB
	-3

	Power offset between TPs
	
	5dB and 3dB (TP1/TP2)

	SNR
	dB
	10:1:15
	According to power offset setting
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	dB[mW/15kHz]
	-98

	Propagation channel,

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

Option 2:

EPA 5 ULA

Low (4x2)

	Option 1:

Clause B.2.4 (2x2) with 
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 Clause B.2.4 (2x2)


	Beamforming Model
	
	As specified in Section B.4.3

	Timing offset between TPs
	us
	0

	Frequency offset between TPs
	Hz
	0

	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/PUCCH 1-1

	CSI process 1 configuration

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

	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

	PMI for PDSCH transmission
	
	Option 1:

0x0000 0000 0000 0001 (rank 1 transmission)
Option 2:

CSI subframe:

0x0000 0000 0001 0000, (rank 2 transmisison)

PDSCH subframe:

0x0000 0000 0000 0001 (rank 1 transmission) 

	Option 1:

000001, (rank 1 transmission)

Option 2:

100000 (rank 2 transmission)

	CodeBookSubsetRestriction bitmap
	
	CSI process 0, 2:

0x0000 0000 0000 0001
CSI process 1, 3:

000001

	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.


Table 4: Simulation assumptions for CQI fading test 
3.1 Simulation results Option 1

This section provides the simulation results for Option 1

	Propagation channel,

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


	Option 1:

Clause B.2.4 (2x2) with 
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The Table 5 and 6 provide the results in terms of distribution for the 4 processes vs  SNR for TP1/TP2= 3 and 5dB. 
For process 0
according to the legacy metric a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least α % of the time; 

For process 1-3 a sub-band differential CQI offset level of 0 shall be reported at least α % of the time but less than β% for each sub-band;
Table 5. Distribution for TP1/TP2=3dB.
	SNR
	Process 0 PR (CQI (( {median CQI -1, median CQI +1})
	Process 1, 0 offset level for 
Subband 0/Subband1/ …
	Process 2, 0 offset level for 

Subband 0/Subband1/ …
	Process 3, 0 offset level for 

Subband 0/Subband1/ …

	10
	27.0%
	10.7% / 13.7% / 13.2% / 14.2% / 14.3% / 13.8% / 13.4% / 13.2%
	22.5% / 27.5% / 34.3% / 34.3% / 34.7% / 32.4% / 27.6% / 24.1%
	17.8% / 20.6% / 21.1% / 21.9% / 24.4% / 21.2% / 21.1% / 18.9%

	11
	21.5%
	12.3% / 16.5% / 15.0% / 15.4% / 16.1% / 15.2% / 15.8% / 13.7%
	24.7% / 25.5% / 34.1% / 35.6% / 35.0% / 33.8% / 27.1% / 25.2%
	18.6% / 19.2% / 21.5% / 21.6% / 22.9% / 21.2% / 19.3% / 18.6%

	12
	21.8%
	12.0% / 15.0% / 15.0% / 15.3% / 16.0% / 16.8% / 15.1% / 14.0%
	25.5% / 27.3% / 34.8% / 33.9% / 35.2% / 33.2% / 26.3% / 23.9%
	16.6% / 19.2% / 21.0% / 20.7% / 23.2% / 21.2% / 18.8% / 18.0%

	13
	17.8%
	9.9% / 14.3% / 12.7% / 13.0% / 14.6% / 13.5% / 13.9% / 13.1%
	24.3% / 26.3% / 33.9% / 37.1% / 34.8% / 32.8% / 24.4% / 23.7%
	15.8% / 19.3% / 20.9% / 19.1% / 22.5% / 19.8% / 18.2% / 17.9%

	14
	11.9%
	11.5% / 15.2% / 13.5% / 14.6% / 14.6% / 15.2% / 14.3% / 12.2%
	24.6% / 27.7% / 33.4% / 34.4% / 33.3% / 33.6% / 24.8% / 25.1%
	15.9% / 18.3% / 21.2% / 20.1% / 21.1% / 19.8% / 18.9% / 17.6%

	15
	8.5%
	11.9% / 14.6% / 13.4% / 15.3% / 14.5% / 16.0% / 14.8% / 14.0%
	23.7% / 26.4% / 33.3% / 35.2% / 34.9% / 32.4% / 26.0% / 24.2%
	16.0% / 18.3% / 19.9% / 20.1% / 22.5% / 19.7% / 19.0% / 17.2%


Table 6. Distribution for TP1/TP2=5dB.
	SNR
	Process 0 PR (CQI (( {median CQI -1, median CQI +1})
	Process 1, 0 offset level for

Subband 0/Subband1/ …
	Process 2, 0 offset level for

Subband 0/Subband1/ …
	Process 3, 0 offset level for

Subband 0/Subband1/ …

	10
	26.7%
	10.7% / 13.9% / 13.6% / 13.8% / 13.5% / 14.8% / 13.9% / 13.8%
	23.4% / 26.1% / 32.4% / 33.9% / 34.0% / 31.9% / 26.8% / 24.3%
	20.2% / 21.2% / 25.1% / 24.8% / 27.4% / 22.7% / 22.9% / 19.8%

	11
	21.6%
	9.8% / 12.3% / 10.7% / 10.9% / 12.0% / 12.7% / 11.1% / 10.9%
	22.7% / 26.1% / 32.1% / 34.5% / 35.4% / 31.3% / 26.0% / 24.3%
	18.2% / 21.7% / 24.1% / 24.5% / 25.0% / 21.4% / 21.2% / 20.4%

	12
	22.1%
	10.6% / 13.0% / 13.2% / 13.8% / 14.2% / 13.0% / 13.3% / 14.0%
	22.5% / 25.5% / 33.9% / 35.6% / 33.7% / 32.4% / 26.6% / 23.6%
	18.4% / 21.1% / 21.9% / 21.2% / 24.5% / 21.7% / 20.2% / 19.8%

	13
	17.5%
	11.7% / 17.0% / 14.1% / 15.3% / 15.6% / 14.2% / 15.6% / 13.3%
	23.5% / 25.7% / 32.8% / 35.9% / 34.1% / 34.1% / 26.7% / 24.4%
	18.3% / 20.0% / 21.5% / 21.2% / 22.9% / 19.9% / 20.0% / 18.9%

	14
	11.5%
	11.8% / 15.6% / 15.1% / 14.9% / 15.9% / 17.0% / 16.0% / 13.8%
	24.3% / 27.0% / 34.2% / 33.4% / 33.4% / 33.0% / 25.9% / 24.9%
	17.3% / 19.4% / 20.7% / 21.1% / 23.7% / 20.6% / 18.7% / 17.8%

	15
	8.2%
	10.3% / 13.5% / 13.6% / 13.1% / 14.6% / 14.3% / 14.5% / 14.8%
	25.0% / 27.2% / 32.2% / 35.8% / 35.8% / 31.1% / 24.8% / 24.4%
	16.0% / 19.6% / 20.9% / 18.8% / 23.3% / 21.7% / 19.0% / 17.0%


From the above tables it can be seen that α values for PUCCH 1-1 reporting mode  strongly depends on the SNR level while α  and β values seems more stable wrt SNR change. 

Table 8-9 provides the simulation results in terms of accuracy for all the processes for TP1/TP2=3dB and TP1/TP2=5dB. Note that depending on the TP1/TP2 ratio the following per process SNR are obtained

Table 7. SNR per process

	Process
	SNR for TP1/TP2=3
	SNR for TP1/TP2=5

	0
	10:15
	10:15dB

	1
	7:12dB
	5:10dB

	2
	2.21:2.74dB
	3.8:4.6dB

	3
	-4.2:-3.13
	-6.2:-5.13dB


Table 8. Accuracy results for TP1/TP2=3dB

	SNR
	Process 0 (( / BLER)
	Process 1 (( / BLER)
	Process 2 (( / BLER)
	Process 3 (( / BLER)

	10
	1.13 / 46.49%
	0.80 / 69.60%
	1.18 / 44.12%
	2.12 / 44.32%

	11
	1.08 / 42.46%
	1.08 / 59.88%
	1.22 / 45.29%
	2.09 / 42.42%

	12
	1.04 / 39.03%
	1.08 / 57.90%
	1.12 / 45.91%
	2.12 / 40.57%

	13
	1.18 / 34.34%
	1.03 / 60.68%
	0.98 / 50.11%
	2.13 / 39.29%

	14
	1.12 / 30.13%
	1.12 / 56.47%
	1.09 / 50.51%
	2.11 / 39.85%

	15
	1.10 / 25.88%
	1.09 / 56.88%
	0.98 / 52.63%
	2.14 / 38.95%


Table 9. Accuracy results for TP1/TP2=5dB

	SNR
	Process 0 (( / BLER)
	Process 1 (( / BLER)
	Process 2 (( / BLER)
	Process 3 (( / BLER)

	10
	1.12 / 46.23%
	1.07 / 57.81%
	1.27 / 42.98%
	2.38 / 48.94%

	11
	1.07 / 42.42%
	1.08 / 59.14%
	1.17 / 44.12%
	2.37 / 48.02%

	12
	1.06 / 37.16%
	0.81 / 70.03%
	1.07 / 45.86%
	2.36 / 46.04%

	13
	1.18 / 33.38%
	0.96 / 65.57%
	1.17 / 47.76%
	2.13 / 44.70%

	14
	1.13 / 28.75%
	1.01 / 62.37%
	1.06 / 49.48%
	2.11 / 43.38%

	15
	1.10 / 24.73%
	0.97 / 64.17%
	0.98 / 50.76%
	2.14 / 41.25%


Finally Table 10 provides the results in terms of median CQI for all the processes, and Figure 3 and 4 show the CQI histograms for the 4 processes for the SNR levels for which the difference between the median CQI of each process is larger, i.e. SNR=13dB for TP1/TP2=3dB and SNR=12dB for TP1/TP2=5dB. From these figures it can be observed that it may be challenging to define appropriate Delta CQI metric between process 1 and 2. 
Table 10. Median CQI for the 4 processes

	SNR TP1/Noc, @ TP1/TP2=3dB
	Process 0
	Process 1
	Process 2
	Process 3

	10
	13
	10
	8
	5

	11
	13
	10
	9
	5

	12
	13
	10
	9
	5

	13
	14
	11
	9
	5

	14
	14
	11
	10
	5

	15
	14
	11
	10
	6

	SNR TP1/Noc, @ TP1/TP2=5dB
	Process 0
	Process 1
	Process 2
	Process 3

	10
	13
	9
	9
	4

	11
	13
	9
	9
	4

	12
	13
	10
	9
	4

	13
	14
	10
	10
	5

	14
	14
	10
	10
	5

	15
	14
	11
	10
	5
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Figure 3. CQI histogram doe SNR =13dB and TP1/TP2=3dB
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Figure 4. CQI histogram doe SNR =12dB and TP1/TP2=5dB

3.2 Observations
Based on the results presented in Section 3 the following observations can be made:

Note that simulations results for option 2 are TBD.
Proposal 2:

· It is proposed to reuse the legacy metrics. Detailed values for α, β, ( and BLER can be defined after aligning performance results. 
· SNR 13dB for TP1/TP2=3dB or 12dBdB for TP1/TP2=5dB can be considered for the definition of the performance requirements

· Definition of delta CQI metric may be challenging between process 1 and 2
4 Conclusions

For static CQI test:

Proposal 1: Consider reusing the legacy metric. Performance requirements can be defined for SNR of the target cell =20dB and SNR of the interfering cell =5-15dB 

For fading CQI test

Proposal 2:

· It is proposed to reuse the legacy metrics. Detailed values for α, β, ( and BLER can be defined after aligning performance results. 

· SNR 13dB for TP1/TP2=3dB or 12dBdB for TP1/TP2=5dB can be considered for the definition of the performance requirements

· Definition of delta CQI metric may be challenging between process 1 and 2
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