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1 Introduction

In RAN4#66, companies agreed on a WF for FeICIC CSI test cases [1], [2], and [3]. We have provided a companion paper in this meeting and presented simulation results and proposal demod test case assumptions [4].

In this paper, we use the analysis and arguments we made in [4] to propose CSI test cases.

2 Discussion
2.1 General

2.2 CQI reporting definition under AWGN conditions
2.2.1 Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbols)
2.2.1.1 …

2.2.1.2 …

2.2.1.3 …

2.2.1.4 …

2.2.1.5 FDD (CSI measurements in case two CSI subframe sets are configured and with CRS Assistance Information)
Using the setup shown in the table below, the requirements are defined on

1. The reported CQI value in subframes overlapping with aggressor cell ABS and non-ABS subframes shall be in the range of ±1 of the reported median more than 90% of the time.

2. If the PDSCH BLER in ABS and non-ABS subframes using the transport format indicated by median CQI obtained by reports in CSI subframe sets CCSI,0 and CCSI,1 is less than or equal to 0.1, the BLER in ABS and non-ABS subframes using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER in ABS and non-ABS subframes using the transport format indicated by the median CQI is greater than 0.1, the BLER in ABS and non-ABS subframes using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1
3. The value of the median CQI obtained by reports in CSI subframe sets CCSI,0 minus the median CQI obtained by reports in CSI subframe sets CCSI,1 shall be larger than or equal to α and less than or equal to β
Table 9.2.1.5-1: PUCCH 1-0 static test (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	
	
	Cell 1
	Aggressor 1,2
	Cell 1
	Aggressor 1,2

	Bandwidth
	MHz
	10
	10

	PDSCH transmission mode
	
	2
	Note 10
	2
	Note 10

	Downlink power allocation
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	dB
	-3
	-3
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	dB
	-3
	-3

	
	(
	dB
	0
	0

	Propagation condition and antenna configuration
	
	Clause B.1 (2x2)
	Clause B.1 (2x2)
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(Note 1)
	dB
	[TBD]
	[TBD]
	12, 10
	[TBD]
	[TBD]
	12, 10
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	dBm/15kHz
	-98 (Note 7)
	N/A
	-98 (Note 7)
	N/A
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	dBm/15kHz
	-98 (Note 8)
	N/A
	-98 (Note 8)
	N/A
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	dBm/15kHz
	-93 (Note 9)
	N/A
	-93 (Note 9)
	N/A
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	 dB[mW/15kHz]
	[TBD]
	[TBD]
	-86, -88
	[TBD]
	[TBD]
	-86, -88

	Subframe Configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Cell Id
	
	0
	6, 1
	0
	6, 1

	Time Offset w.r.t serving
	(s
	
	3 (synchronous cells)
	
	3 (synchronous cells)

	Frequency Offset w.r.t. Serving
	Hz
	
	300
	
	300

	ABS pattern (Note 2)
	
	N/A
	01010101

01010101

01010101

01010101

01010101
	N/A
	01010101

01010101

01010101

01010101

01010101

	RLM/RRM Measurement Subframe Pattern (Note 4)
	
	00000100

00000100

00000100

00000100

00000100
	N/A
	00000100

00000100

00000100

00000100

00000100
	N/A

	CSI Subframe Sets (Note 3)
	CCSI,0
	
	01010101

01010101

01010101

01010101

01010101
	N/A
	01010101

01010101

01010101

01010101

01010101
	N/A

	
	CCSI,1
	
	10101010

10101010

10101010

10101010

10101010
	N/A
	10101010

10101010

10101010

10101010

10101010
	N/A

	Number of control OFDM symbols
	
	3
	3

	Max number of HARQ transmissions
	
	1
	1

	Physical channel for CCSI,0 CQI reporting
	
	PUCCH Format 2
	PUCCH Format 2

	Physical channel for CCSI,1 CQI reporting
	
	PUSCH (Note 12)
	PUSCH (Note 12)

	PUCCH Report Type
	
	4
	4

	Reporting periodicity 
	Ms
	Npd = 5
	Npd = 5

	cqi-pmi-ConfigurationIndex
CCSI,0 (Note 13)
	
	6
	N/A
	6
	N/A

	cqi-pmi-ConfigurationIndex2
CCSI,1 (Note 14)
	
	5
	N/A
	5
	N/A

	Note 1:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 2:
ABS pattern as defined in [9].

Note 3:
Time-domain measurement resource restriction pattern for PCell measurements as defined in [7]

Note 4:
As configured according to the time-domain measurement resource restriction pattern for CSI measurements defined in [7]
Note 5:
Time-domain measurement resource restriction pattern for PCell measurements as defined in [7]

Note 6:
Cell 1 is the serving cell. Cell 2 is the aggressor cell.
Note 7:
This noise is applied in OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10,#12, #13 of a subframe overlapping with the aggressor ABS.
Note 8:
This noise is applied in OFDM symbols #0, #4, #7, #11 of a subframe overlapping  with the aggressor ABS.

Note 9:
This noise is applied in all OFDM symbols of a subframe overlapping with aggressor non-ABS.

Note 10:
Downlink physical channel setup in Cell 2 in accordance with Annex C.3.3 applying OCNG pattern as defined in Annex A.5.1.5

Note 11:
Reference measurement channel in Cell 1 according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 12:   To avoid collisions between HARQ-ACK and wideband CQI it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#4 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#8 and #3.

Note 13:
cqi-pmi-ConfigurationIndex is applied for CCSI,0.

Note 14:
cqi-pmi-ConfigurationIndex2 is applied for CCSI,1.


2.2.1.6 TDD (CSI measurements in case two CSI subframe sets are configured and with CRS Assistance Information)
To be defined based on corresponding FDD test.

2.2.2 Minimum requirement PUCCH 1-1 (Cell-Specific Reference Symbols)
2.2.3 Minimum requirement PUCCH 1-1 (CSI Reference Symbols)
2.3 CQI reporting under fading conditions
2.3.1 Frequency-selective scheduling mode
2.3.1.1 Minimum requirement PUSCH 3-0 (Cell-Specific Reference Symbols)
2.3.1.1.1  FDD
2.3.1.1.2 …
2.3.1.1.3  FDD (CSI measurements in case two CSI subframe sets are configured and with CRS Assistance Information)
Tests with frequency-selective scheduling mode are proposed to ensure proper FeICIC operation under time and frequency selective channels. The purpose is

a) a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band for CCSI,0
b) the ratio of the ABS SF throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;

c) when transmitting on a randomly selected sub-band on ABS SF among the sub-bands with the highest differential CQI offset level for CCSI,0 the corresponding TBS, the average ABS SF BLER for the indicated transport formats shall be greater or equal to TBD. 
Table 9.3.1.1.3-1 Sub-band test for single antenna transmission (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	
	
	Serving cell
	Aggressor 1,2
	Serving cell
	Aggressor 1,2

	Bandwidth
	MHz
	10
	10

	PDSCH transmission mode
	
	2
	Note 10
	2
	Note 10

	Downlink power allocation
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	-3
	-3

	Propagation condition and antenna configuration
	
	Clause B.2.4 with 
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) (Note 1)
	dB
	[TBD]
	[TBD]
	12, 10
	[TBD]
	[TBD]
	12, 10

	Subframe Configuration
	
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN
	Non-MBSFN

	Cell Id
	
	0
	6, 1
	0
	6, 1

	Time Offset w.r.t the serving cell
	[(s]
	
	3 (synchronous cells)
	
	3 (synchronous cells)

	Frequency Offset w.r.t the serving cell
	Hz
	
	300
	
	300

	ABS pattern (Note 2)
	
	N/A
	01010101

01010101

01010101

01010101

01010101
	N/A
	01010101

01010101

01010101

01010101

01010101

	RLM/RRM Measurement Subframe Pattern (Note 4)
	
	00000100

00000100

00000100

00000100

00000100
	N/A
	00000100

00000100

00000100

00000100

00000100
	N/A

	CSI Subframe Sets (Note 3)
	CCSI,0
	
	01010101

01010101

01010101

01010101

01010101
	N/A
	01010101

01010101

01010101

01010101

01010101
	N/A

	
	CCSI,1
	
	10101010

10101010

10101010

10101010

10101010
	N/A
	10101010

10101010

10101010

10101010

10101010
	N/A

	Max number of HARQ transmissions
	
	1
	1

	Reporting interval
	ms
	8
Reporting instances corresponds to CCSI,0.

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	Sub-band size
	RB
	6 (full size)

	Note 1:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.



Table 9.3.1.1.3-2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 [%]
	TBD
	TBD

	 [%]
	TBD
	TBD

	 
	TBD
	TBD

	UE Category
	1-8
	1-8


2.3.1.1.4 TDD (CSI measurements in case two CSI subframe sets are configured and with CRS Assistance Information)
To be defined based on corresponding FDD test.

2.3.1.2 Minimum requirement PUSCH 3-1 (CSI Reference Symbol)
2.3.2 Frequency non-selective scheduling mode
2.3.2.1 Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbol)
2.3.2.2 Minimum requirement PUCCH 1-1 (CSI Reference Symbol)
2.3.3 Frequency-selective interference
2.3.3.1 Minimum requirement PUSCH 3-0 (Cell-Specific Reference Symbol)
2.3.4 UE-selected subband CQI
2.3.4.1 Minimum requirement PUSCH 2-0 (Cell-Specific Reference Symbols)
2.3.4.2 Minimum requirement PUCCH 2-0 (Cell-Specific Reference Symbols)
2.4 Reporting of Precoding Matrix Indicator (PMI)
2.5 Reporting of Rank Indicator (RI)
2.5.1 Minimum requirement (Cell-Specific Reference Symbols)
2.5.2 Minimum requirement (CSI Reference Symbols)
2.5.3 Minimum requirement (CSI measurements in case two CSI subframe sets are configured without CRS assistance information)
Note: the existing eICIC RI tests in this section are applicable only when CRS assistance information is not available.

2.5.4 Minimum requirement (CSI measurements in case two CSI subframe sets are configured and with CRS assistance information)
2.5.4.1 FDD
The proposed requirements for RI test are:

a) The ratio of the ABS SF throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;

b) The ratio of the ABS SF throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;

Table 9.5.4.1-1 RI Test (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	
	
	Cell 1
	Aggressor 1, 2
	Cell 1
	Aggressor 1, 2

	Bandwidth
	MHz
	[10]
	10

	PDSCH transmission mode
	
	[3]
	[Note 10]
	3
	Note 10

	Downlink power allocation
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	dB
	[-3]
	-3
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	dB
	[-3]
	-3

	
	(
	dB
	0
	0

	Propagation condition and antenna configuration
	
	2 x 2 EPA5
	2 x 2 EPA5

	CodeBookSubsetRestriction bitmap
	
	[01 for fixed RI = 1

10 for fixed RI = 2

11 for UE reported RI]
	N/A
	01 for fixed RI = 1

10 for fixed RI = 2

11 for UE reported RI
	N/A

	Antenna correlation
	
	[Low]
	Low

	RI configuration
	
	[Fixed RI=1 and follow RI]
	N/A
	[Fixed RI=2, and follow RI
	N/A
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	dB
	[TBD]
	12, 10
	[TBD]
	12, 10
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	dB[mW/15kHz]
	[-98] (Note 3)
	N/A
	[-98] (Note 3)
	N/A
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	[-98] (Note 4)
	N/A
	[-98] (Note 4)
	N/A
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	[-93] (Note 5)
	N/A
	[-93] (Note 5)
	N/A
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	dB[mW/15kHz]
	[TBD]
	-86, -88
	[TBD]
	-86, -88

	Subframe Configuration
	
	[Non-MBSFN]
	[Non-MBSFN]
	Non-MBSFN
	Non-MBSFN

	Cell Id
	
	[0]
	6, 1
	0
	6, 1

	Time Offset w.r.t serving
	(s
	
	3 (synchronous cells)
	
	3 (synchronous cells)

	Frequency Offset w.r.t. Serving
	Hz
	
	300
	
	300

	ABS Pattern (Note 6)
	
	N/A
	[10000000 

10000000 

10000000 

10000000 

10000000]
	N/A
	[10000000 

10000000 

10000000 

10000000 

10000000]

	RLM/RRM Measurement Subframe Pattern (Note 7)
	
	[10000000 

10000000 

10000000 

10000000 

10000000]
	N/A
	[10000000 

10000000 

10000000 

10000000 

10000000]
	N/A

	CSI Subframe Sets (Note 8)
	CCSI,0
	
	[10000000 

10000000 

10000000 

10000000 

10000000]
	N/A
	[10000000 

10000000 

10000000 

10000000 

10000000]
	N/A

	
	CCSI,1
	
	[01111111 

01111111 

01111111 

01111111 

01111111]
	
	[01111111 

01111111 

01111111 

01111111 

01111111]
	

	Number of control OFDM Symbols
	
	[3]
	[3]
	3
	3

	Maximum number of HARQ transmissions
	
	[1]
	[1]

	Reporting mode
	
	[PUCCH 1-0]
	PUCCH 1-0

	Physical channel for CQI reporting
	
	[PUCCH Format 2]
	 PUCCH Format 2

	PUCCH Report Type for CQI
	
	[4]
	4

	Physical channel for RI reporting
	
	[PUCCH Format 2]
	PUCCH Format 2

	PUCCH Report Type for RI
	
	[3]
	3

	Reporting periodicity 
	ms
	[Npd= 10]
	Npd= 10

	cqi-pmi-ConfigurationIndex
	
	[11]
	11

	ri-ConfigurationInd 
	
	[5]
	5

	cqi-pmi-ConfigurationIndex2
	
	[10]
	10

	ri-ConfigurationInd2
	
	[2]
	2

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 2:
Reference measurement channel in Cell 1 according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 3:
This noise is applied in OFDM symbols #1, #2, #3, #5, #6, #8, #9, #10,#12, #13 of a subframe overlapping with the aggressor ABS.

Note 4:
This noise is applied in OFDM symbols #0, #4, #7, #11 of a subframe overlapping  with the aggressor ABS.

Note 5:
This noise is applied in all OFDM symbols of a subframe overlapping with aggressor non-ABS
Note 6:
ABS pattern as defined in [9]. 

Note 7:
Time-domain measurement resource restriction pattern for PCell measurements as defined in [7].

Note 8:
As configured according to the time-domain measurement resource restriction pattern for CSI measurements defined in [7].

Note 9:
Cell 1 is the serving cell. Cell 2 is the aggressor cell.
Note 10:
Downlink physical channel setup in Cell 2 in accordance with Annex C.3.3 applying OCNG pattern as defined in Annex A.5.1.5.


Table 9.5.4.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	1
	TBD
	TBD

	2
	TBD
	TBD

	UE Category
	2-8
	2-8


2.5.4.2 TDD

To be defined based on corresponding FDD test.

3  Conclusions
In this contribution, we proposed FeICIC CSI test cases in detail. The proposed test cases include

· CQI reporting under AWGN (PUCCH 1-0), non-MBSFN, FDD and TDD

· CQI under fading conditions (PUSCH 3-0), non-MBSFN, FDD and TDD

· RI, non-MBSFN, FDD and TDD

4 Appendix

Clause B.1: Static propagation condition

For 2 port transmission the channel matrix is defined in the frequency domain by
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For 4 port transmission the channel matrix is defined in the frequency domain by
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For 8 port transmission the channel matrix is defined in the frequency domain by
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Clause B.2.4: Propagation conditions for CQI tests

For Channel Quality Indication (CQI) tests, the following additional multi-path profile is used:
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the Doppler frequency. [The same h(t,τ) is used to describe the fading channel between every pair of Tx and Rx.]
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