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1 Introduction

In RAN4 #58 Ad hoc meeting, the CQI test cases for eDL-MIMO have been discussed and the status is summarized in [1]. 

This contribution provides a detailed description of fading CQI test for eDL-MIMO.  

2 Discussion

2.1 PMI selection 

In transmission mode 9, the CQI is calculated using the CSI-RS channel measurement, together with the selected PMI. So there is a tight coupling for CQI/PMI in transmission mode 9. The PMI testing methodology used in release 8 single PMI and multiple PMI test effectively remove the CQI adaptation by using fixed CQI throughout the test. Ideally, for CQI test, we would like to decouple PMI effect as well. 

In RAN4 #58 Ad hoc meeting, fixed PMI, follow PMI and random PMI are identified as the possible ways to select PMI for fading CQI test. For random PMI, unlike PMI testing where UE does not need to know which random PMI eNB is chosen, UE need to implement the extra random PMI selection algorithm, in order to calculate the CQI. It is an extra burden for UE implementation. Therefore, we do not recommend using random PMI for fading CQI test.

It is shown in [2] that with high antenna correlation, PMI is always chosen to be the main beam direction. Therefore, if the test equipment is well calibrated, fixed PMI can effectively decouple PMI/CQI test. [3] raised the concern that cabling effect may change the main beam direction, therefore, follow PMI is recommended. When UE makes the correct PMI selection, the CQI selection will be the same as the fixed PMI case with calibrated test equipment, which gives a wideband CQI distribution shown as Fig. 1. However, when UE makes wrong PMI selection, the CQI distribution will change dramatically, with a lower mean and larger variance, as shown in Fig. 2.  

In release 8 CQI test, 3 criterions are used for frequency non-selective CQI test: (1) double-sided percentile of the reported CQI, (2) the relative increase of the throughput obtained when the transport format transmitted is that indicated by the reported CQI compared to the case for which a fixed transport format configured according to the reported median CQI is transmitted (3) The reporting accuracy is determined by a minimum BLER using the transport formats indicated by the reported CQI.  It is easy to see that when UE makes wrong PMI selection, it is actually easier to pass the CQI test with a larger CQI variance.  
We prefer the fixed PMI option, under the assumption that TE is well calibrated and the cabling effect is insignificant. 
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Fig. 1. Wideband CQI distribution with the right PMI selection 
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Fig. 2. Wideband CQI distribution with the random PMI selection.  

2.2 CQI reporting definition under fading conditions for transmission mode 9
2.2.1 Frequency non-selective scheduling mode

2.2.1.1 Minimum requirement PUCCH 1-1

2.2.1.1.1 FDD

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

a)
a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least 
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% of the time;

b)
the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ ;

c)
when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater or equal to 0.02

Table 9.3.2.1.1-1 Fading CQI test with 4 ports transmisison (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	CRS port
	
	Port 0 and 1

	CRS-RS port
	
	15, 16, 17, 18

	CSI-RS configuration
	
	0

	CSI-RS periodicity
	ms
	5

	Transmission mode
	
	9

	UE-RS port
	
	Port 7

	SNR (Note 3)
	dB
	0
	1
	6
	7
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	High (4 x 2)

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001   

	Reporting mode
	
	PUCCH 1-1

	Reporting periodicity
	ms
	5

	CQI delay
	ms
	8

	 Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	4

	Max number of HARQ transmissions
	
	1

	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:
Reference measurement channel according to Table A.4-1 for Category 2-5 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
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 4:
To avoid collisions between CQI 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, #3, #7 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.


Table 2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 [%]
	TBD
	         TBD

	 
	TBD
	TBD

	UE Category
	1-8
	1-8


2.2.1.1.2 TDD

TDD test parameters are specified in Table 3. The minimum requirement is the similar to FDD case. 

Table  3 Fading CQI test with 4 ports transmisison (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	CRS port
	
	Port 0 and 1

	CRS-RS port
	
	15, 16, 17, 18

	CSI-RS configuration
	
	3

	CSI-RS periodicity
	ms
	5

	Transmission mode
	
	9

	UE-RS port
	
	Port 7

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	SNR (Note 3)
	dB
	0
	1
	6
	7
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	High (4x 2)

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001   

	Reporting mode
	
	PUCCH 1-1

	Reporting periodicity
	ms
	NP = 5

	CQI delay
	ms
	10 

	Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	3

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	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:
Reference measurement channel according to Table A.4-2 for Category 2-5 with one sided dynamic OCNG Pattern OP.1 TDD as described in Annex A.5.2.1 and Table A.4-8 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 TDD as described in Annex A.5.2.1/2.

Note 3:
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 4:
To avoid collisions between CQI 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#3 and #8 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#7 and #2.


2.2.2 Frequency selective scheduling mode

The accuracy of sub-band channel quality indicator (CQI) reporting under frequency selective fading conditions are tested by 

· A double-sided percentile of the reported differential CQI offset level 0 per sub-band
· The relative increase of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest reported differential CQI offset level the corresponding transport format compared to the case for which a fixed format is transmitted on any sub-band in set S of TS 36.213. The purpose is to verify that preferred sub-bands can be used for frequently-selective scheduling. 
To account for sensitivity of the input SNR the sub-band CQI reporting under frequency selective fading conditions is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of 1 dB. 

2.2.2.1 Minimum requirement PUSCH 3-1

2.2.2.1.1 FDD

For the parameters specified in Table 4, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 5 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;

b)
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 ≥ ;

c)
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 0.05. 

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. 

Table 4 Sub-band CQI test for 4 ports transmission (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	CRS port
	
	Port 0 and 1

	CRS-RS port
	
	15, 16, 17, 18

	CSI-RS configuration
	
	0

	CSI-RS periodicity
	ms
	5

	Transmission mode
	
	9

	UE-RS port
	
	Port 7

	 SNR (Note 3)
	 dB
	3
	4
	8
	9
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	Clause B.2.4 with 
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	Antenna configuration
	
	4 x 2 (Full)

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001   

	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	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 subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
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 5 Minimum requirement (FDD)

	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	

	UE Category
	1-8
	1-8
	


2.2.2.1.2 TDD
TDD test parameters are specified in Table 6 for 4 ports transmission and Table 7 for 8 port transmission. The minimum requirement is the similar to subband CQI FDD case. 

Table 6 Sub-band CQI test for 4 ports transmission (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	CRS port
	
	Port 0 and 1

	CRS-RS port
	
	15, 16, 17, 18

	CSI-RS configuration
	
	3

	CSI-RS periodicity
	ms
	5

	Transmission mode
	
	9

	UE-RS port
	
	Port 7

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	 SNR (Note 3)
	 dB
	3
	4
	8
	9
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	Propagation channel
	
	Clause B.2.4 with 
[image: image14.wmf]45

.

0

=

d

t

s, a = 1, 
[image: image15.wmf]5

=

D

f

Hz

	Antenna configuration
	
	4 x 2 (Full)

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001   

	Reporting interval
	ms
	5

	CQI delay
	ms
	10 

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	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 subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-5 with one/two sided dynamic OCNG Pattern OP.1/2 TDD as described in Annex A.5.2.1/2.
Note 3:
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 7 Sub-band CQI test for 8 ports transmission (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	CRS port
	
	Port 0 and 1

	CRS-RS port
	
	15, 16, 17, 18, 19, 20, 21, 22

	CSI-RS configuration
	
	3

	CSI-RS periodicity
	ms
	5

	Transmission mode
	
	9

	UE-RS port
	
	Port 7 

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	 SNR (Note 3)
	 dB
	0
	1
	5
	6
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	Propagation channel
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	Antenna configuration
	
	8 x 2 (Full)

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0020 0000 0000 0000

	Reporting interval
	ms
	5

	CQI delay
	ms
	10 

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	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 subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-5 with one/two sided dynamic OCNG Pattern OP.1/2 TDD as described in Annex A.5.2.1/2.
Note 3:
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.



3 Conclusions
In this contribution, we propose the detailed testing parameters for transmission mode 9 fading CQI test.  
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