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1 Introduction
According to the existing specification, some UEs might not support the simultaneous transmission of A/N and CQI, which would cause some problems such that some CSI might not be testable for some UEs. In [1] it proposed that the existing PUCCH reporting mode in working assumptions should be retained but the reporting period and reporting timing offset should be modified to avoid the collision for frequency non-selective CQI test case. But some companies worried that the existing requirements might need to be re-evaluated. The alterative method, named piggybacking on PUSCH whenever collision occurs, was proposed. . 
In this contribution, we will compare the difference between the two proposed solutions, and give our preference. 

2 Discussion
Solution 1
If the cqi-pmi-ConfigurationIndex is set to 6 and the reporting periodicity is set to 5, the corresponding CQI reporting sub-frames are 4 and 9. Since the downlink sub-frame 0 and 5 are not used for the tests, the collision between A/N and CQI will not occur. The UEs can use PUCCH format 2 without the collision as shown in Figure 1.
Solution 2
Alternative solution is to maintain the original parameters setup and to configure uplink scheduling grant whenever collision occurs. CQI is multiplexed with ACK/NACK in sub-frames 1, 3, 5, and 7; corresponding transmission mode is PUCCH-based periodic reporting format on PUSCH.
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Figure 1: reporting periodic 5ms
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Figure 2: piggybacking on PUSCH
In early CQI test framework definition, it had been agreed that CSI test based on Combination of reporting modes and transmit schemes in [2], and test specification of [3] explicitly shows that 
· The different combination of transmission modes and reporting modes applicable to verify the reporting of CSI are undefined

· Methods for testing CQI reporting under fading still FFS

· Testing of PMI/RI reporting performance still FFS

· Test parameters and static levels are undefined.

At the same time, the test priority explicitly defined from the operator viewpoint in [4]
· PUSCH reporting (aperiodic)

· High for modes 3-0 and 3-1 (eNB configured with and without PMI reporting) 

· Low for modes 1-2, 2-0 and 2-2 (wideband and UE selected sub-band)

· Periodic PUCCH (periodic)

· High - Wideband: Mode1-0, Mode1-1

· High - UE selected: Mode2-0, Mode2-1

All these materials indicate that CSI test case should cover periodic reporting and aperiodic reporting. Advantages and disadvantages for solution 1 and solution 2 will been analyzed below:
Solution 1

Advantage: this method could full cover all periodic and aperiodic reporting and maintain the all idea for early framework definition.

Disadvantage: some companies doubted that the change of reporting periods from 2ms to 5ms would impact the existing requirements. But according to our simulation results, this impact would be small. The same conclusion is shown in [5, 6, 7, and 8]. 

1. In last 2010 AH Hoc 2 meeting, the following agreements were achieved: FDD requirement based on the 2ms reporting periodic can be used for TDD requirement based on 5ms reporting periodic. If we adopt the solution 1, CQI reporting periodic for FDD is same as that of TDD, at the same time, CQI reporting delay of TDD is larger than CQI reporting delay of FDD, because delay for FDD is fixed, but only two sub-frames can report the CSI information in one radio frame for TDD, which means FDD performance should be deteriorated compared to TDD performance. If TDD requirement can re-used the FDD requirement which is assumed that reporting periodic is 5ms, we also can re-use the agreed requirement for FDD.

2. Doppler frequency is 5Hz and coherence time 200ms. If we adopt the 5ms reporting period, the ratio 200ms/5ms is 40, which is so small that we neglect the channel variation in time domain. We can consider that CQI value keep nearly constant in such short time. So the performance may be non-change.

3. For each test point, we have two chances. If the value of throughput gain unfortunately falls in the bottom of curve, the performance in another SNR will achieve high gain.
We also show our simulation results for 5ms delay in Figure 3. Three requirements are evaluated in the test:

1. CQI distribution: the CQI delay has no impact on the CQI value distribution. So CQI distribution with 5ms delay is same as that with 2ms delay

2. BLER:
 requirement of BLER is minimum threshold of BLER in current specification. It is obvious that BLER with 5ms delay is larger than that with 2ms delay. The BLER requirement can be re-used

3. Throughput ratio: the performance has little degradation as shown below. But it can re-use the former requirements based on our simulation results.
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Figure 3: simulation results for frequency non-selective CQI test

Solution 2
Advantage: the solution has no impact on CSI requirement.
Disadvantage: 

1. If we adopt this method, there is no chance for CSI transmission on PUCCH for periodic reporting as shown in Figure 2. Periodic reporting but no CQI reporting on PUCCH isn’t reasonable in practical network. 
2. TE (test equipment) should switch frequently between PUSCH and PUCCH. In the agreed simulation assumptions, the reporting period is 2ms, which means change frequency is 2ms. In practical network, it is impossible, and the test might be very complicated. 
3. Furthermore, we notice that this test case is titled as frequency non-selective test and EPA5 with low Doppler spread is selected. For Frequency non-selective scheduling mode, Aperiodic CQI reporting channel is not suggested to be used as shown in 36.213 Table 7.2-1 below. 
Table 7.2-1: Physical Channels for Aperiodic or Periodic CQI reporting

	Scheduling Mode
	Periodic CQI reporting channels
	Aperiodic CQI reporting channel

	Frequency non-selective
	PUCCH
	

	Frequency selective
	PUCCH
	PUSCH


3 Conclusions

Two possible modifications are shown below:

Solutions 1:

Table 9.3.2.1.1-1 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	SNR (Note 3)
	dB
	6
	7
	12
	13
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	-85
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	NP = 5

	CQI delay
	ms
	8

	PUCCH Format
	
	[Format 2]

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	6

	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 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

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.



Solutions 2:

Table 9.3.2.1.1-1 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	SNR (Note 3)
	dB
	6
	7
	12
	13
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	NP = 2

	CQI delay
	ms
	8

	PUCCH Format (Note 4)
	
	[Format 2a or format 2]

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	1

	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 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

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:     For UEs that don’t support simultaneous A/N and CQI transmission, the UEs shall use the same PUCCH-based periodic CQI/PMI or RI reporting format on PUSCH. If A/N and CQI collide, format 2a is used, otherwise, format 2 is used 



We hope that our analysis would help RAN4 making the final decision.
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