3GPP TSG-RAN WG4 Meeting #73
R4-147375
San Francisco, CA, USA, 17 - 21 November, 2014
Agenda item:


7.9.3 
Source:
MediaTek Inc. 
Title:
Discussion on CSI tests for 256QAM
Document for:

Discussion 
1
Introduction 
In this contribution, we provide our views and simulation results for the CSI tests on 256QAM. 
2
CQI tests
In RAN4#72 meeting, a WF [1] was agreed. Four options were listed in the WF:
· Option 1: CQI definition PUCCH 1-0 single layer, CQI definition PUCCH 1-1 dual layer and CQI fading test TM9 PUSCH 3-1;

· Option 2: CQI definition PUCCH 1-0 single layer and CQI fading test TM9 PUSCH 3-1;
· Option 3: CQI definition PUCCH 1-1 dual layer and CQI fading test TM9 PUSCH 3-1;
· Option 4: PUCCH 1-0 static test for TM1 and PUCCH 1-1 static test for TM9; no CQI fading test 
The above 4 options are in fact some combinations of the following 3 tests:

1) CQI definition PUCCH 1-0 single layer test


2) CQI definition PUCCH 1-1 dual layer test


3) CQI fading PUSCH 3-1 (single layer) test

Therefore, we can simplify the problem of choosing among 4 options into two questions:


Question A: Whether 1), 2) or both test(s) should be introduced.

Question B: Whether to introduce the fading test 3).

In the following sections, we provide some views on the two questions.

2.1. CQI definition test: single layer, dual layer, or both

In order to determine which one should be introduced in 256QAM CSI test, we need to first identify the differences between 1) and 2). Simply speaking, in PUCCH 1-0 single-layer test, UE needs to first estimate a single effective SNR based on the results of channel/noise estimation, and then map this SNR to a proper CQI value, as shown in Figure 1(a). The first block has already been verified in existing static CQI tests, e.g., 9.2.1.1 in 36.101, while the second block is new due to the introduction of 256QAM. For the PUCCH 1-1 dual-layer test, shown in Figure 1(b), the first difference is how UE calculates the effective SNRs for the both two codewords. However, this part has been tested in existing PUCCH 1-1 dual-layer test, e.g., 9.2.2.1 in 36.101. Then, the two SNRs will be mapped to proper CQI values for the two codewords. Form the viewpoint of UE, the mapping operation is exactly the same as that for single-codeword case. The last difference is that UE needs to calculate the CQI offset of codeword 1 before reporting through PUCCH. This part, again, has already been tested in existing PUCCH 1-1 dual-layer tests.
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Figure 1. Block diagrams for UE CQI estimation
According to above analysis, the only new UE behaviour after introducing 256QAM is how UE maps the effective SNR to the CQI value (yellow blocks in Figure1). This could be tested through either PUCCH 1-0 single-layer test or PUCCH 1-1 dual-layer test. But it would be redundant to introduce both. In our opinion, we think the PUCCH 1-0 test is sufficient. Moreover, a single-layer test is also simpler and can avoid introducing any advantage on advanced dual-layer demapper algorithms. 
Observation 1. The only new UE behaviour after introducing 256QAM is how UE maps the effective SNR to the CQI value. 
Observation 2. Introducing one PUCCH 1-0 single-layer test is already sufficient for CQI definition test.
Here we also provide our primary simulation results based on the static test in 9.2.1.1. In the test, the requirements are: 
· the reported CQI value shall be in the range of ±1 of the reported median more than 90% of the time
· If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.
The results are summarized in Table 1. From the simulation results, we observed that the PUCCH 1-0 single-layer test can generally reuse the setups of the static test in 9.2.1.1. For the SNR test points, we think that it is better to have one high SNR test point to guarantee that PDSCH is scheduled with 256QAM. One the other hand, since the QPSK entries are sub-sampled in new CQI table for 256QAM, it will also be good to have one low SNR test point.
Observation 3: The settings and requirements of existing PUSCH 1-0 test can be reused for 256QAM.

Table 1. Simulation results of static CQI test with 256QAM

	SNR

(dB)
	mCQI value
	Prob. in 
mCQI±1
	BLER with 
mCQI
	BLER with 
mCQI-1
	BLER with 
mCQI+1

	-6
	2
	100%
	0.00075
	-
	1

	-5
	2
	100%
	0
	-
	1

	-4
	2
	100%
	0.000375
	-
	1

	-3
	2
	100%
	0.07825
	-
	0.887

	-2
	3
	100%
	0
	-
	1

	-1
	3
	100%
	0
	-
	1

	0
	3
	100%
	0.000375
	-
	1

	1
	3
	100%
	0.03875
	-
	0.685

	2
	4
	100%
	0.000375
	-
	1

	3
	4
	100%
	0.026625
	-
	0.298875

	4
	5
	100%
	0.000375
	-
	1

	5
	5
	100%
	0.314875
	0
	-

	6
	6
	100%
	0.0005
	-
	1

	7
	7
	100%
	0.01475
	-
	0.664625

	8
	7
	100%
	0.000375
	-
	1

	9
	7
	100%
	0.452375
	0
	-

	10
	8
	100%
	0.000375
	-
	1

	11
	8
	100%
	0.190875
	0
	-

	12
	9
	100%
	0.0025
	-
	1

	13
	10
	100%
	0.28325
	0
	-

	14
	10
	100%
	0
	-
	1

	15
	10
	100%
	0.000375
	-
	1

	16
	11
	100%
	0.004375
	-
	0.9896225

	17
	11
	100%
	0.0405
	-
	0.998375

	18
	12
	100%
	0.00075
	-
	1

	19
	12
	100%
	0.000375
	-
	0.995625

	20
	13
	100%
	0.0005
	-
	1

	21
	13
	100%
	0
	-
	0.446625


2.2. CQI fading test
The purpose CQI fading test is to verify that UE accurately reports the sub-band (SB) CQIs. In the existing PUSCH 3-0 test in 9.3.1.1 in 36.101, there are 3 requirements that should be satisfied.
a)
The probability of reporting a SB CQI offset level of 0 shall be at least 2% but less than 55%;

b)
The throughput gain of using {best SB, SB CQI} over that of using {random SB, wideband CQI} shall be ≥ 1.1;

c)
The BLER resulted by using {best SB, SB CQI} shall be greater or equal to 0.05.
To identify the impact of the new 256QAM CQI table on existing CQI fading test, we conduct the simulation based on PUSCH 3-0 test in 9.3.1.1, and the results are listed in Table 2. 
Table 2. Simulation results of fading CQI test with 256QAM
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From the simulation results, all requirements are generally met by one of any two successive SNR test points. However, we observed that at some low SNRs, the requirements a) and b) are met with narrow margins, e.g., the BLERs may be lower than 5% and the probability of SB CQI offset 0 could be higher than 40%. One of the reasons could be the sub-sampling of QPSK entries in the new CQI table. As illustrated in Figure 2, each CQI value has its own SNR threshold in the UE’s mapping table. The sub-sampling makes the SNR gaps between QPSK entries wider, leading to the raise of the probability for a SB CQI to have the same value as the wideband CQI. For example, two SNRs that were mapped to CQI-5 and CQI-6 in the legacy CQI table will both be mapped to CQI-3 in the new table. On the other hand, the channel qualities may be too much underestimated by the sub-sampled CQIs. For example, UE may estimate a SB SNR which should have been reported with CQI-6 in the legacy table (denoted by the red asterisk in Figure 2), but it could only be reported with CQI-3 according the new table. This underestimation of the channel quality will usually result in low BLERs. 
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Figure 2 Effect of QPSK sub-sampling in SNR-to-CQI mapping

Based on above analysis we think that further study on the SNR test points and the requirements would be required if CQI fading test is introduced for 256QAM.

Observation 4. Further study on the SNR test points and the requirements would be required if CQI fading test is introduced for 256QAM. 
3
Summary 
In this contribution, we provide our views on the 256QAM CSI test as well as some primary simulation results based on existing tests. Based on the simulation results and the analysis, we have following observations: 
Observation 1. The only new UE behaviour after introducing 256QAM is how UE maps the effective SNR to the CQI value. 
Observation 2. Introducing one PUCCH 1-0 single-layer test is already sufficient for CQI definition test.
Observation 3: The settings and requirements of existing PUSCH 1-0 test can be reused for 256QAM.

Observation 4. Further study on the SNR test points and the requirements would be required if CQI fading test is introduced for 256QAM.
4
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