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1.
Introduction
This document relates to FDD and TDD CQI Reporting under fading conditions Multiple CSI processes for CoMP in TS 36.521-1. The test cases are:

· 9.3.6.1_F, FDD CQI Reporting under fading conditions multiple CSI processes for CoMP
· 9.3.6.2_F, TDD CQI Reporting under fading conditions multiple CSI processes for CoMP
This document describes the process to derive the Test Tolerances.
2. Test cases in TS 36.101
The test conditions are defined in the following extract taken from TS 36.101 v12.4.0:
9.3.6
Minimum requirement (With multiple CSI processes)

The purpose of the test is to verify the reporting accuracy of the CQI and the UE processing capability for multiple CSI processes. Each CSI process is associated with a CSI-RS resource and a CSI-IM resource as shown in Table 9.3.6-1. For UE supports one CSI process, CSI process 2 is configured and the corresponding requirements shall be fulfilled. For UE supports three CSI processes, CSI processes 0, 1 and 2 are configured and the corresponding requirements shall be fulfilled. For UE supports four CSI processes, CSI processes 0, 1, 2 and 3 are configured and the corresponding requirements shall be fulfilled.
Table 9.3.6-1: Configuration of CSI processes

	
	CSI process 0
	CSI process 1
	CSI process 2
	CSI process 3

	CSI-RS resource
	CSI-RS signal 0
	CSI-RS signal 1
	CSI-RS signal 0
	CSI-RS signal 1

	CSI-IM resource
	CSI-IM resource 0
	CSI-IM resource 0
	CSI-IM resource 1
	CSI-IM resource 2


9.3.6.1
FDD

For the parameters specified in Table 9.3.6.1-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.3.6.1-2 and by the following 

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 CSI process 1, 2, or 3;
b)
a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least % of the time for CSI process 0;
c)
the difference of the median CQIs of the reported wideband CQI for configurated CSI processes shall be greater or equal to the values as in Table 9.3.6.1-3;
d)
the ratio of the 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 ≥ ;

e)
when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.02.

The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI for FDD, each available downlink transmission instance for TDD. Sub-bands of a size smaller than full size are excluded from the test. The transport block sizes TBS for wideband CQI median and subband CQI are selected according to Table A.4-6c.

Table 9.3.6.1-1: Fading test for FDD

	Parameter
	Unit
	Test 1
	Test 2

	
	
	TP1
	TP2
	TP1
	TP2

	Bandwidth
	MHz
	10 MHz
	10 MHz

	Transmission mode
	
	10
	10
	10
	10

	Downlink power allocation
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	Antenna configuration
	
	4x2
	2x2
	4x2
	2x2

	Beamforming Model
	
	As specified in Section B.4.3
	As specified in Section B.4.3

	Timing offset between TPs
	us
	0
	0

	Frequency offset between TPs
	Hz
	0
	0

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

	CSI-RS signal 0
	
	Antenna ports 15,…,18
	N/A
	Antenna ports 15,…,18
	N/A

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

	CSI-RS 0 configuration
	
	0
	N/A
	0
	N/A

	CSI-RS signal 1
	
	N/A
	Antenna ports 15,16
	N/A
	Antenna ports 15,16

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

	CSI-RS 1 configuration
	
	N/A
	5
	N/A
	5

	Zero-power CSI-RS 0 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	N/A
	1 / 1110000000000000
	N/A
	1 / 1110000000000000

	Zero-power CSI-RS 1 configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 / 0010011000000000
	N/A
	1 / 0010011000000000
	N/A

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

	CSI-IM 0 configuration
	
	2
	2
	2
	2

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

	CSI-IM 1 configuration
	
	6
	N/A
	6
	N/A

	CSI-IM 2 periodicity and subframe offset TCSI-RS / ∆CSI-RS
	
	N/A
	5/1
	N/A
	5/1

	CSI-IM 2 configuration
	
	N/A
	1
	N/A
	1

	CSI process 0
	CSI-RS
	
	CSI-RS 0
	CSI-RS 0

	
	CSI-IM
	
	CSI-IM 0
	CSI-IM 0

	
	Reporting mode
	
	PUCCH 1-1
	PUCCH 1-1

	
	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001
	0x0000 0000 0000 0001

	
	Reporting periodicity
	ms
	Npd = 5
	Npd = 5

	
	CQI delay
	ms
	10
	10

	
	Physical channel for CQI/ PMI reporting
	
	PUSCH (Note 6)
	PUSCH (Note 6)

	
	PUCCH Report Type for CQI/PMI
	
	2
	2

	
	PUCCH channel for RI reporting
	
	PUCCH Format 2
	PUCCH Format 2

	
	PUCCH report type for RI
	
	3
	3

	
	cqi-pmi-ConfigurationIndex
	
	2
	2

	
	ri-ConfigIndex
	
	1
	1

	CSI process 1
	CSI-RS
	
	CSI-RS 1
	CSI-RS 1

	
	CSI-IM
	
	CSI-IM 0
	CSI-IM 0

	
	Reporting mode
	
	PUSCH 3-1
	PUSCH 3-1

	
	CodeBookSubsetRestriction bitmap
	
	000001
	000001

	
	Reporting interval (Note 9)
	ms
	5
	5

	
	CQI delay
	ms
	10
	10

	
	Sub-band size
	RB
	6 (full size)
	6 (full size)

	CSI process 2
	CSI-RS
	
	CSI-RS 0
	CSI-RS 0

	
	CSI-IM
	
	CSI-IM 1
	CSI-IM 1

	
	Reporting mode
	
	PUSCH 3-1
	PUSCH 3-1

	
	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001
	0x0000 0000 0000 0001

	
	Reporting interval (Note 9)
	ms
	5
	5

	
	CQI delay
	ms
	10
	10

	
	Sub-band size
	RB
	6 (full size) (Note 8)
	6 (full size) (Note 8)

	CSI process 3
	CSI-RS
	
	CSI-RS 1
	CSI-RS 1

	
	CSI-IM
	
	CSI-IM 2
	CSI-IM 2

	
	Reporting mode
	
	PUSCH 3-1
	PUSCH 3-1

	
	CodeBookSubsetRestriction bitmap
	
	000001
	000001

	
	Reporting interval (Note 9)
	ms
	5
	5

	
	CQI delay
	ms
	10
	10

	
	Sub-band size
	RB
	6 (full size)
	6 (full size)

	CSI process for PDSCH scheduling
	
	CSI process 2
	CSI process 2

	Cell ID
	
	0
	6
	0
	6

	Quasi-co-located CSI-RS
	
	CSI-RS 0
	CSI-RS 1
	CSI-RS 0
	CSI-RS 1

	Quasi-co-located CRS
	
	Same Cell ID as Cell 1
	Same Cell ID as Cell 2
	Same Cell ID as Cell 1
	Same Cell ID as Cell 2

	PMI for subframe 2, 3, 4, 7, 8 and 9
	
	0x0000 0000 0000 0001
	100000
	0x0000 0000 0000 0001
	100000

	PMI for subframe 1 and 6
	
	0x0000 0000 0001 0000
	100000
	0x0000 0000 0001 0000
	100000

	Max number of HARQ transmissions
	
	1
	N/A
	1
	N/A

	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 from TP1.

Note 4:
TM10 OCNG as specified in A.5.1.8 is transmitted on subframe 1 and 6 from TP1.

Note 5:
TM10 OCNG as specified in A.5.1.8 is transmitted on subframe 1, 2, 3, 4, 6, 7, 8 and 9 from TP2
Note 6:      To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1 and #6 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#0 and #5.

Note 7:      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 8:      PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.
Note 9:
For these sub-bands which are not selected for PDSCH transmission, TM10 OCNG should be transmitted.


Table 9.3.6.1-2: Minimum requirement (FDD)

	
	CSI process 0
	CSI process 1
	CSI process 2
	CSI process 3

	 [%]
	N/A
	2
	2
	2

	 [%]
	N/A
	40
	40
	40

	 [%]
	10
	N/A
	N/A
	N/A

	 
	N/A
	N/A
	1.02
	N/A

	UE Category
	≥1


Table 9.3.6.1-3: Minimum median CQI difference between configured CSI processes (FDD)

	
	CSI process 1
	CSI process 2
	CSI process 3

	CSI process 0
	N/A
	1
	3

	UE Category
	≥1


We note that the parameters for the TDD case in TS 36.101 clause 9.5.3.2 are similar, but not identical. Handling is covered in section 5.

3. Discussion
The Test system uses five metrics to determine the test verdict:
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 CSI process 1, 2, or 3;
b) a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least % of the time for CSI process 0;
c) the difference of the median CQIs of the reported wideband CQI for configurated CSI processes shall be greater or equal to the values as in Table 9.3.6.1-3;
d) Ratio of the 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 ≥ ;
e) when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.02.
In each test, the UE reports wideband median-CQI value and the highest full-size subband CQI value, in which both with fixed PMI. The Test system selects the wideband median-CQI with fixed PMI as configured in Table 9.3.6.1-1 to obtain the T-put based on UE wideband median-CQI reported. The Test system selects highest UE reported full-size subband CQI value with fixed PMI as configured in Table 9.3.6.1-1 to obtain the T-put based on highest UE reported full-size subband CQI value.
The test case has 2 subtests, designed to test the performance gain using highest UE reported full-size subband CQI for the wanted signal (TP1) in the presence of interference from TP2 based on CSI process 2.
· Test 1 has TP1 Es/Noc at 10dB, 11dB and TP2 interference Es/Noc at 7dB, 8dB
· Test 2 has TP1 Es/Noc at 14dB, 15dB and TP2 interference Es/Noc at 9dB, 10dB
In Test 1 the wanted TP1 has high Es/Noc of 10dB, 11dB with interference TP2 Es/Noc of 7dB, 8dB, respectively, so we expect an improvement of T-put when using highest UE reported full-size subband CQI value. The Test 1 requirement is set to 1.02 (>1.0).

In Test 2 the wanted TP1 also has high Es/Noc of 14dB, 15dB, with interference TP2 Es/Noc of 9dB, 10dB, respectively, so we expect an improvement of T-put when using highest UE reported full-size subband CQI value. The Test 2 requirement is also set to 1.02 (>1.0).
To analyse the test case it is helpful to visualise the signal and noise levels in both of the test scenarios, as below. Separate diagrams are given for Test 1 and Test 2:  
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4. Calculation of Test Tolerances
To decide whether any offsets should be applied to the Test parameters or Test requirements, each Test metric should be taken in turn. The diagrams in section 3 help to show the likely effect of each uncertainty on each Test metric. Note that Es / Noc ratio (SNR) uncertainty applies separately to TP1 and to TP2.  

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 CSI process 1, 2, or 3
The aim of this test metric is to ensure that for CSI process 1, 2 and 3 a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band. The actual reported CQI value is not important (the test procedure tries both SNR points, and would fail the UE if the differential CQI offset was at an extreme value for both).
· Noc absolute power uncertainty will have no effect, since SNR is independent of absolute value

· TP1 Es / Noc ratio uncertainty can affect the median CQI value, but not the spread

· TP2 Es / Noc ratio uncertainty can affect the median CQI value, but not the spread

· In conclusion, no offsets should be applied to the Test parameters or Test requirements  

b) A CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least % of the time for CSI process 0
The aim of this test metric is to ensure that for CSI process 0 there is significant spread in the reported values. The actual reported CQI value is not important.
· Noc absolute power uncertainty will have no effect, since SNR is independent of absolute value

· TP1 Es / Noc ratio uncertainty can affect the median CQI value, but not the spread

· TP2 Es / Noc ratio uncertainty can affect the median CQI value, but not the spread

· In conclusion, no offsets should be applied to the Test parameters or Test requirements  

c) The difference of the median CQIs of the reported wideband CQI for configured CSI processes shall be greater or equal to the values as in Table 9.3.6.1-3
The aim of this test metric is to ensure that there is a significant difference between the values reported by different CSI processes. The actual reported CQI value is not important.
· Noc absolute power uncertainty will have no effect, since SNR is independent of absolute value

· TP1 Es / Noc ratio uncertainty can affect the median CQI value, but not the spread

· TP2 Es / Noc ratio uncertainty can affect the median CQI value, but not the spread

TP1 Es / Noc and TP2 TP1 Es / Noc each have an uncertainty of ±0.3 dB. Assuming uncorrelated uncertainties, the overall uncertainty in the SNR difference would be SQRT (0.32 + 0.32) = 0.42dB. This could widen or narrow the Median CQI differences, and the fading uncertainty may also have an effect, For CSI process 2 the difference is 1, and for CSI process 3 the difference is 3. To widen the requirement would relax the test excessively, and would allow bad UEs to pass. In this case, the Test requirement should be left unchanged. Similar reasoning applies for Test 1 and Test 2.
· In conclusion, no offsets should be applied to the Test parameters or Test requirements  

d) Ratio of the throughput (T-put using highest UE reported full-size subband CQI value / T-put using wideband CQI median)
The aim of this test metric is to ensure that when the test system transmits using UE reported CQI for the best sub-bands, there is an improvement of T-put over using reported wideband CQI median. As PDSCH scheduling is configured only with CSI process 2, the Test Tolerance analysis only applies to CSI process 2 as in Table 9.3.6.1-1.
· Noc absolute power uncertainty will have no effect, since SNR is independent of absolute value

· TP1 Es / Noc ratio uncertainty and Fading profile power uncertainty can affect the SNR during the test, but it will affect both numerator and denominator in the same direction, and is unlikely to affect the T-put ratio
· TP2 Es / Noc ratio uncertainty and Fading profile power uncertainty can affect the SNR during the test, but it will affect both numerator and denominator in the same direction, and is unlikely to affect the T-put ratio
· In conclusion, no offsets should be applied to the Test parameters
The metric applies to Test 1 and Test 2, and the reasoning applies to both. 
The Throughput ratio is relaxed according to TS 36.521-1 G.5.4, Number of samples for throughput ratios.
e)
PDSCH BLER in sub-bands with the highest differential CQI offset

The aim of this test metric is to ensure that the average BLER in ABS subframes is at least 0.02.

· Noc2 absolute power uncertainty will have no effect, since SNR is independent of absolute value

· TP1 Es / Noc ratio uncertainty can affect the CQI values, but not the target BLER
· TP2 Es / Noc ratio uncertainty can affect the CQI values, but not the target BLER
· In conclusion, no offsets should be applied to the Test parameters or Test requirements  

The metric applies to Test 1 and Test 2, and the reasoning applies to both. 

5. Treatment of TDD CQI Reporting under fading conditions multiple CSI processes for CoMP
TS 36.521-1 also contains a similar E-UTRAN TDD CQI Reporting test case in clause 9.3.6.2_F.   

The TDD test case in 9.3.6.2_F has identical level parameter values for wanted signal, interfering signal and noise. The same level uncertainties and method of deciding Test Tolerances can therefore be used.
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