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1 Introduction
In the existing CSI test framework, it is agreed that the requirements should be defined according to the CSI reporting modes to get a good coverage with minimum test number. [1], e.g., PUCCH 1-0 AWGN. And the corresponding PUCCH/PUSCH formats are defined for each CSI test. In practice test, UE should report not only CSI but also ACK/NACK such that the test device could count BLER and throughput. Therefore it would be difficult to merely use PUCCH format 2 for some CSI tests. But actually some UEs might not support simultaneous ACK/NACK and CQI report, i.e., PUCCH format 2a/ab, which would cause the other problems that some CSI requirements might not be testable for some UEs [6]. 
In this contribution, we raise this issue and propose the possible solutions.
2 Problem formulation
Firstly, in [2], the feature group indicator bit is defined as shown in the following table, by using which UE can report its uplink transmission format. In other words, through this bit UE will report whether to support simultaneous ACK/NACK and CQI report or not. It implies that some UEs could not support the simultaneous ACK/NACK and CQI reporting.
Table B.1-1: Definitions of feature group indicators
	2
	- Simultaneous CQI and ACK/NACK on PUCCH, i.e. PUCCH format 2a and 2b

- Absolute TPC command for PUSCH

- Resource allocation type 1 for PDSCH

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-0 – UE selected sub-band CQI without PMI

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-1 – UE selected sub-band CQI with single PMI
	


Secondly, the CSI tests are specified according to the CSI reporting modes. In the following all the CSI requirements and the corresponding reporting modes are listed:
· Periodic CSI report

1. PUCCH 1-0 (CQI definition and wideband frequency non-selective scheduling)

2. PUCCH 1-1(CQI definition and RI test)
· Aperiodic CSI report

1. PUSCH 3-0(frequency selective scheduling)

2. PUSCH 3-1(single PMI test)

3. PUSCH 1-2(multiple PMI test)

In practical tests, UE would need to report ACK/NACK to test device. Otherwise the test device would be difficult to count the BLER or Throughput. If PUSCH is used, it would be OK since ACK/NACK and CSI could be fed back at the same time. But if PUCCH format 2 is used, CSI would collide with ACK/NACK. Therefore, it seems that we must resort to PUCCH format 2a/2b. However, as mentioned above, some UE might not support PUCCH format 2a/2b. That is the problem: we have to use PUCCH format 2 to make sure the reporting mode agnostic.
Therefore, this contribution mainly focuses on the testability issue for those cases using the periodic CSI reporting. And five cases using PUCCH CQI report would be analyzed as the following:
· PUCCH 1-0 and 1-1 for CQI definition test(FDD)

· PUCCH 1-0 for CQI frequency non-selecting test(FDD)

· PUCCH 1-1 for RI test (FDD).

· PUCCH 1-0 and 1-1 for CQI test (TDD)

· PUCCH 1-1 for RI test (TDD)

3 Discussion

3.1 PUCCH 1-0 and 1-1 for CQI definition test (FDD)

According to the current specification, if the downlink data are transmitted in the sub-frames of 1, 2, 3, 4, 6, 7, 8, 9, then the corresponding uplink ACK/NACK’s are fed back in the sub-frame of 5, 6, 7, 8, 0, 1, 2 and 3, as shown in Figure 1. Because cqi-pmi-ConfigurationIndex is 5, the CQI will be fed back in the sub-frame of 3 and 8. Thus in the sub-frames 3 and 8, ACK/NACK and CQI collide. The ideal solution would be for UE to use PUCCH 2a/2b reporting. However some UEs don’t support this feedback mode. By using PUCCH format2, the UE will drop the CQI and transmit the ACK/NACK information. This results in no CQI reporting as shown in Figure 1. 

If the cqi-pmi-ConfigurationIndex is changed to 6, then CQI reporting sub-frame is 4 and 9. Since the downlink sub-frame 0 and 5 are not used for the tests, then the UE could use PUCCH format 2 as feedback format. Thus we solve the data collision retaining PUCCH format 2.
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Figure 1:  CQI report scheme for PUCCH 1-0/1-1 in AWGN channel
3.2 PUCCH 1-0 for CQI frequency non-selecting test (FDD)

According to the current specification, the downlink data are transmitted in the sub-frames of 1, 2, 3, 4, 6, 7, 8 and 9, and the corresponding uplink ACK/NACK’s are fed back in the sub-frames of 5, 6, 7, 8, 0, 1, 2 and 3. Because cqi-pmi-ConfigurationIndex is 1, it means that CQI feedback sub-frames are 1, 3, 5, 7 and 9. In sub-frame 1, 3, 5 and 7, ACK/NACK and CQI collide. Remember that some UEs could not support PUCCH format 2a/2b. If PUCCH format 2 is used in this case, the UE will drop CQI and transmit the ACK/NACK information. Then it results in no CQI report as shown in Figure 2.
If the cqi-pmi-ConfigurationIndex is changed to 6, then CQI reporting sub-frames is 4 and 9. Since the downlink sub-frame 0 and 5 are not used for the tests, the UEs use PUCCH format 2 without the data collision.
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Figure 2:  CQI report scheme for PUCCH 1-0 in fading channel

If the cqi-pmi-ConfigurationIndex is 6, the reporting periodicity would be 5ms other than 2ms. Simulation results (which are taken from [3]) in Figure 3 shows that there is a little difference between the two reporting periodicity. Now the RAN4 had agreed with the throughput ratio requirement 1.05. So maybe the existing requirement values are reasonable for 5ms reporting periodicity when cqi-pmi-ConfigurationIndex is 6. We could re-use the requirement after further evaluation by interested companies.
[image: image3.emf]
Figure 3: different reporting periodicity influence to the throughput ratio
3.3 PUCCH 1-1 for RI test (FDD).

According to the current specification, the downlink data are transmitted in the sub-frames of 1, 2, 3, 4, 6, 7, 8 and 9, and the corresponding uplink ACK/NACK’s are fed back in the sub-frame of 5, 6, 7, 8, 0, 1, 2 and 3. Because cqi-pmi-ConfigurationIndex is 5, it means that CQI feedback sub-frames are 3 and 8. Because ri-ConfigurationInd is 1, it means that RI feedback sub-frames are 2 and 7 [5]. In sub-frame 2, 3, 7 and 8, ACK/NACK collides with CQI/PMI and RI. Remember that some UEs could not support PUCCH format 2a/2b. If PUCCH format 2 is used in this case, UE will drop CQI/RI and transmit the ACK/NACK information, which results in no CQI/RI report as shown in Figure 4. 
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Figure 4:  RI test in PUCCH 1-0

There are two solutions to avoid this collision. 
Option1: Use PUCCH format 2 reporting but discard some downlink subframes;

Option2: Use PUSCH report.
For Option1, if the cqi-pmi-ConfigurationIndex is changed to 6, CQI report sub-frames are 4 and 9. If ri-ConfigurationInd is 1, it means that RI feedback sub-frames are 3 and 8 as shown in Figure 5. UE has the ACK/NACK, CQI and RI collision in sub-frame 3 and 8. If the RI reporting period is the same as that of CQI/PMI [5], the downlink sub-frame 4 and 9 would not be used for test, since RI reporting is in high priority compared with CQI/PMI, CQI/PMI always is droped when the collision occurs. In order to solve this problem and at same time retain PUCCH format2, we propose to not use sub-frame 4 and 9 for RI test when PUCCH 1-1 and format2 are used. In that case, the performance should be reevaluated.
.
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Figure 5:  RI test in PUCCH 1-0

For Option2, PUSCH reporting is suggested instead of PUCCH. Since all the important CSI report modes have been covered, it would look like more acceptable. The CQI and RI report interval would be set to 5ms. The candidate reporting modes would be PUSCH 1-2 and PUSCH 3-1. 
If we adopt the PUSCH 1-2, wideband CQI and sub-band PMI would be reported. In this mode, subband PMI is used to calculating wideband CQI report. So it would imply that the subband PMI precoding should be used. That would lead to the different simulation results. So the performance should be reevaluated.
If we adopt the PUSCH 3-1, sub-band differential CQI/wideband CQI and wideband PMI are all reported. And wideband CQI is calculated based on the wideband PMI. In order to reduce the impact to the agreed simulation results, it is proposed that UEs should use merely wideband CQI and wideband PMI. Sub-band CQI will not be used by eNodeB (or test device). In that case there is no impact on the existing requirement in the RI test.
3.4 PUCCH 1-0 and 1-1 for CQI test (TDD)

In the current specification, the downlink data are transmitted in the sub-frames of 3, 4, 8 and 9, and the corresponding uplink ACK/NACK’s are fed back in the sub-frames of 2 and 7. Because cqi-pmi-ConfigurationIndex is 3 [4], it means that CQI feedback sub-frames would be 2 and 7. In sub-frame of 2 and 7, ACK/NACK and CQI collided as shown in Figure 6. 
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Figure 6:  CQI test in PUCCH 1-0/1(TDD)

There are two options:

Option1: Retain the PUCCH1-0 but discard some subframes;

Option2: Use PUSCH report mode.

For Option1, there is no good method to avoid the collision of ACK/NACK, CQI, PMI without discarding some subframes, because there are two uplink sub-frames and the four downlink sub-frames in one frame if we adopt the periodic PUCCH1-1/0 CQI report mode. Thus the way with minimum modification would be to set cqi-pmi-ConfigurationIndex to 13, which means that the reporting periodicity is 10ms and CQI feedback sub-frame is 7, and transmit data only in the sub-frames of 4 and 8 as shown in Figure 7. But it will double the test time.

For Option2, since the CSI requirements are defined according to the reporting modes, the good coverage will not be obtained if PUSCH feedback mode is used.
Therefore, we suggest using Option1.
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Figure 7:  CQI test in PUCCH 1-0/1(TDD)
3.5 PUCCH 1-1 for RI test (TDD)

In the current specification, the downlink data are transmitted in the sub-frames of 3, 4, 8 and 9, and the corresponding uplink ACK/NACK’s are fed back in the sub-frames of 2 and 7. Because cqi-pmi-ConfigurationIndex is 3, the CQI feedback sub-frames would be 2 and 7. Because ri-ConfigurationInd is 1 [5], it means that RI feedback sub-frames are 2 and 7. In the other words, CQI, PMI and RI will transmit at the same sub-frame, CQI and PMI would be dropped according to the 36.213 chapter 7.2.2. The test may be failed.
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Figure 8:  RI test in PUCCH 1-1(TDD)
Because CQI/PMI and RI can not be transmitted at the same time, and there are little uplink sub-frames to report CQI/PMI and RI. So it is very difficult to select one UL/DL configuration and CQI/PMI/RI reporting periodic and offset for the PUCCH1-1 reporting mode.
Therefore the possible method would be using PUSCH reporting. At the same time the CQI and RI report intervals are set to 5ms. The candidate reporting modes would be PUSCH 1-2 or 3-1. But the performance may need to be reevaluated if PUSCH 1-2 is used. So we propose to use PUSCH 3-1 (using wideband CQI and PMI).
4 Solutions

The following are our proposals:
1) PUCCH 1-0 and 1-1 for CQI definition test(FDD)

The cqi-pmi-ConfigurationIndex is suggested to be 6. The requirement needn’t to be evaluated.

2) PUCCH 1-0 for CQI frequency non-selecting test(FDD)

The cqi-pmi-ConfigurationIndex is suggested to be 6 and the reporting periodicity is set to 5. The requirement needs to be evaluated.
3) PUCCH 1-0 and 1-1 for CQI test (TDD)

The cqi-pmi-ConfigurationIndex is set to 13; data transmission sub-frame is 4 and 8. Reporting periodicity change to 10ms. The requirement might not need to be evaluated.
4) PUCCH 1-1 for RI test (FDD).

Use the PUSCH 3-1 reporting and use wideband CQI and PMI. The CQI and RI report interval is set to 5ms. 
5)  PUCCH 1-1 for RI test (TDD)

Use the PUSCH 3-1 reporting and wideband CQI/PMI. At the same time the CQI and RI report interval is set to 5ms. 
5 Conclusions

This contribution proposes the solution for the testability issue about CQI, PMI and RI test. For the solution 2), this may have some impact to the already agreed performance requirements, but the impact is expected to be small since the channel is EPA5 and the existing requirements could still be applicable. However, this needs to be verified by further simulation. Therefore, we further propose for interested companies to re-simulate the frequency non-selective scheduling test case for FDD (Sec. 9.3.2.1.1 of TS36.101) until the next meeting with following updated test configurations (Table 9.3.2.1.1-1 below).
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]
	-92
	-91
	-86
	-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.
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