3GPP TSG-RAN WG4 Meeting #73
R4-147100
San Francisco, CA, US, 17 – 21 Nov, 2014
Source: 
Huawei, HiSilicon
Title: 
On SCE CSI requirements
Agenda Item:
7.9.3
Document for:
Discussion
1 Introduction
In RAN4 meeting #72bis, the 256QAM CSI tests were discussed [1~4], but no agreement on test case was reached. In [4] the simulation assumptions on CQI test were provided for further evaluation, where the most of parameters of the existing CQI test were reused. This contribution will provide the simulation results and discuss the parameters for 256QAM CQI requirements.
2 Summary of the previous proposals
In RAN4 meeting #72, the agreements for 256QAM CSI tests [5] are:

· Introduce the following CSI tests
· CQI tests
· 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 
· Whether to introduce the following CSI requirements will be discussed in the future meeting
· RI test 
In RAN4 meeting #72bis, the proposals from different companies are summarized below.
Table 1: Summary of proposals for 256QAM CQI test from companies
	Company
	Proposals

	Samsung
	Proposal 1: Prefer Option 4 or Option 3 to introduce CQI test cases.
Proposal 2: If static CQI PUCCH 1-0 test was introduced, SNR points {19, 20} dB can be selected as high SNR test points to cover 256QAM CQI index.

Proposal 3: if static CQI PUCCH 1-1 test (TM4) was introduced, SNR points {22, 23} dB can be selected as high SNR test points to cover 256QAM CQI index.

	Ericsson
	Proposal 6: Introduce two 256QAM CQI definition tests:
· PUCCH 1-0 with TM1 reusing the test parameters and methodology in TS36.101 9.2.1.1 (FDD) and 9.2.1.2 (TDD);

· PUCCH 1-1 with TM9 reusing the test parameters and methodology in TS36.101 9.2.3.1 (FDD) and 9.2.3.2 (TDD)

	Huawei, HiSilicon
	Proposal 3: We propose to define CQI definition PUCCH 1-1 dual layer and CQI fading test TM9 PUSCH 3-1.


We observe that
· Observation 1: It seems acceptable to narrow down to Option 3 and Option 4;
· Observation 2: It seems agreeable to introduce one CRS based CQI test and one CSI-RS based CQI test.
3 Discussion
3.1 Analysis for Option 3
The reasons that we prefer Option 3 are as follows:
· Introduce the non-AWGN CQI test which precludes the possibility that UE optimizes the new CQI thresholds only for AWGN channel;
· Introduce both wideband CQI test and subband CQI test, and periodic CQI test and aperiodic CQI test.

Some concerns on option 3 are that frequency selective channel is not typical one channel which SCE UE will undergo when it is scheduled with 256QAM transmission, and the two-tap channel model used in the frequency selective channel is too artificial to reflect the actual channel. 
But in our view, the subband CQI reporting itself would be important and in the practical network the interference on each subband would be different. So subband CQI would also be useful for 256QAM. And in the practical network, the aperiodic CQI reporting is useful too. 
Without the new requirements for subband CQI and aperiodic CQI requirements, it would be difficult to guarantee the corresponding performance. Although in RAN4 we do not need to cover all the possible scenarios and want to reduce the number of test cases as much as we could, the test for subband CQI and aperiodic CQI reporting should be introduced to set a sanity test, given that they are widely used.
And as proposed in Option 3, the PUCCH 1-1 CQI definition test serves as CRS based CSI test while the PUSCH 3-1 test with TM9 serves as CSI-RS based CSI test. Since anyway we will have two tests, we would like to collect more information from the tests.

Another question is related to transmission mode used in CRS based dual-codeword CQI test. Since TM3 does not support PUCCH 1-1 reporting mode and dual-CQI feedback, it would be reasonable to reuse the existing test setup. And the support of TM3 256QAM verification could be conducted with the sustained data test for 256QAM.
3.2 Analysis for Option 4
For Option 4, we are OK with the idea to define a CRS based test and a CSI-RS based test. But both tests are under AWGN and actually the set of CQI thresholds used during the test would be the same. Only the wideband CQI performance has been verified. From the test point of view, the purposes of these two tests seem to be overlapped to some extent.
So comparing Option 3 with Option4, we prefer Option 3.
3.3 Proposals for 256QAM CQI tests
Based on the agreed packages for 256QAM CSI test, we propose Option 3, i.e., 
· Proposal 1: For 256QAM, a new CQI definition test with PUCCH 1-1 dual layer TM4 and a new fading CQI test with PUSCH 3-1 TM9 will be introduced.
4 Simulation results for TM4 CQI definition test and discussions
In [4] the simulation assumptions for TM4 dual layer CQI definition test were provided and the parameters in the legacy test are reused as much as possible. In this section we provide our simulation results for the study.
In Table 2 and Table 4, we provide the reference measurement channels for CQI definition test. In Table 5, we provide the TB size corresponding to the IMCS used for 256QAM CQI test explicitly. Figure 1 shows the BLER curves for 16 CQI indices.
Table 2 (Table A.4-1): CSI reference measurement channels
	RMC Name
	Duplex
	CH-BW
	Alloc. RB-s
	UL/DL Config
	Alloc. SF-s
	MCS Scheme
	Nr. HARQ Proc.
	Max. nr HARQ Trans.
	Notes

	1 CRS Port

	RC.1 FDD
	FDD
	10
	50
	-
	
	MCS.1
	8
	1
	

	RC.1 TDD
	TDD
	10
	50
	Note 3
	
	MCS.1
	10
	1
	

	RC.3 FDD
	FDD
	10
	6
	-
	
	MCS.10
	8
	1
	

	RC.3 TDD
	TDD
	10
	6
	Note 3
	
	MCS.10
	10
	1
	

	RC.4 FDD
	FDD
	10
	15
	-
	
	MCS.15
	8
	1
	Note 6

	RC.4 TDD
	TDD
	10
	15
	Note 3
	
	MCS.15
	10
	1
	Note 6

	RC.5 FDD
	FDD
	10
	3
	-
	
	MCS.17
	8
	1
	

	RC.5 TDD
	TDD
	10
	3
	Note 3
	
	MCS.17
	10
	1
	

	RC.14 FDD
	FDD
	5
	25
	-
	
	MCS.14
	8
	1
	

	RC.15 FDD
	FDD
	5
	15
	-
	
	MCS.15
	8
	1
	Note 6

	2 CRS Ports

	RC.2 FDD
	FDD
	10
	50
	-
	
	MCS.2
	8
	1
	

	RC.2A FDD
	FDD
	10
	50
	-
	
	MCS.2A
	8
	1
	

	RC.2 TDD
	TDD
	10
	50
	Note 3
	
	MCS.2
	10
	1
	

	RC.2A TDD
	TDD
	20
	100
	Note 3
	
	FFS
	10
	1
	

	RC.6 FDD
	FDD
	10
	15
	-
	
	MCS.16
	8
	1
	Note 6

	RC.6 TDD
	TDD
	10
	15
	Note 3
	
	MCS.16
	10
	1
	Note 6

	1 CRS Port + CSI-RS

	RC.8 FDD
	FDD
	10
	6
	-
	Non
CSI-RS
	MCS.11
	8
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.12
	
	
	

	RC.8 TDD
	TDD
	10
	6
	Note 3
	Non
CSI-RS
	MCS.11
	10
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.12
	
	
	

	RC.9 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.3
	8
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.4
	
	
	

	RC.9 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.3
	10
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.4
	
	
	

	2 CRS Port + CSI-RS

	RC.7 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	

	
	
	
	
	
	4 CSI-RS
	MCS.7
	
	
	

	RC.7 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	

	
	
	
	
	
	8 CSI-RS
	MCS.8
	
	
	

	RC.11 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.6
	
	
	

	RC.11 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	

	
	
	
	
	
	2 CSI-RS
	MCS.6
	
	
	

	1 CRS Port + CSI-RS + CSI-IM

	RC.13 FDD
	FDD
	10
	50
	-
	Non CSI-RS/IM
	MCS.3
	8
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	RC.13 TDD
	TDD
	10
	50
	Note 3
	Non CSI-RS/IM
	MCS.3
	10
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	2 CRS Port + CSI-RS + CSI-IM

	RC.10 FDD
	FDD
	10
	50
	-
	Non
CSI-RS
	MCS.5
	8
	1
	

	
	
	
	
	
	4 CSI-RS, 
1 CSI process
	MCS.8
	
	
	

	RC.10 TDD
	TDD
	10
	50
	Note 3
	Non
CSI-RS
	MCS.5
	10
	1
	

	
	
	
	
	
	8 CSI-RS,
1 CSI process
	MCS.9
	
	
	

	RC.12 FDD
	FDD
	10
	6
	-
	Non CSI-RS/IM
	MCS.13
	8
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	RC.12 TDD
	TDD
	10
	6
	Note 3
	Non CSI-RS/IM
	MCS.13
	10
	1
	

	
	
	
	
	
	CSI-RS/IM
	N/A
	
	
	

	Note 1:
3 symbols allocated to PDCCH.

Note 2:
For FDD only subframes 1, 2, 3, 4, 6, 7, 8 and 9 are allocated to avoid PBCH and synchronization signal overhead.

Note 3:
TDD UL-DL configuration as specified in the individual tests.

Note 4:
For TDD when UL-DL configuration 1 is used only subframes 4 and 9 are allocated to avoide PBCH and synchronizaiton signal overhead. 

Note 5:
For TDD when UL-DL configuration 2 is used only subframes 3, 4, 8, and 9 are allocated to avoid PBCH and synchronization signal overhead.

Note 6:
Centered within the Transmission Bandwidth Configuration (Figure 5.6-1).

Note 7:
Only subframes 2, 3, 4, 7, 8 and 9 are allocated to avoid PBCH and synchronization signal overhead.


Table 3 (Table A.4-13): Mapping of CQI Index to Modulation coding scheme not supporting 256QAM (MCS)

	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1172
	0.1885
	0.3008
	0.4385
	0.5879
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.8525
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.1
	50
	6300
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.2
	50
	6000
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27
	

	MCS.3
	50
	5700
	DTX
	0
	0
	2
	4
	6
	8
	10
	13
	15
	17
	19
	21
	23
	25
	26
	

	MCS.4
	50
	5600
	DTX
	0
	0
	2
	4
	6
	7
	10
	12
	14
	17
	19
	21
	23
	25
	26
	

	MCS.5
	50
	5400
	DTX
	0
	0
	2
	3
	5
	7
	10
	12
	14
	17
	19
	21
	23
	24
	25
	

	MCS.6
	50
	5300
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	17
	19
	21
	22
	24
	25
	

	MCS.7
	50
	5200
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	14
	17
	18
	20
	22
	24
	25
	

	MCS.8
	50
	5000
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	13
	17
	18
	20
	22
	23
	24
	

	MCS.9
	50
	4800
	DTX
	0
	0
	1
	3
	5
	7
	10
	12
	13
	17
	18
	20
	22
	23
	24
	

	MCS.10
	6
	756
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	19
	21
	23
	25
	27
	27
	

	MCS.11
	6
	684
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	14
	17
	20
	21
	23
	25
	27
	

	MCS.12
	6
	672
	DTX
	0
	0
	1
	4
	6
	8
	10
	12
	14
	17
	19
	21
	23
	25
	26
	

	MCS.13
	6
	648
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27
	

	MCS.14
	25
	3150
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.15
	15
	1890
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	16
	18
	21
	23
	25
	27
	27
	

	MCS.16
	15
	1800
	DTX
	0
	0
	2
	4
	6
	8
	11
	13
	15
	18
	20
	22
	24
	26
	27
	

	MCS.17
	3
	378
	DTX
	0
	1
	2
	5
	7
	9
	12
	13
	16
	19
	21
	23
	25
	27
	27
	

	Note 1:
Mapping between Imcs and TBS according to Tables 7.1.7.1-1 and 7.1.7.2.1-1 in TS 36.213 [6].

Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


Table 4 (Table A.4-14): Mapping of CQI Index to Modulation coding scheme supporting 256QAM (MCS)

	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1885
	0.4385
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.8525
	0.6943
	0.7783
	0.8643
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	256QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.2A
	50
	6000
	DTX
	0
	1
	3
	5
	7
	10
	11
	14
	16
	18
	20
	21
	23
	25
	26
	

	Note 1:
Mapping between Imcs and TBS according to Tables 7.1.7.1-1 and 7.1.7.2.1-1 in TS 36.213 [6].

Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


Table 5: TB size according to TBS index table 2 for PDSCH with 50PRB
	IMCS
	ITBS
	Coding rate
	Modulation
	TB size

	0
	0
	0.0762
	2
	1384

	1
	2
	0.1885
	2
	2216

	3
	6
	0.4385
	2
	5160

	5
	10
	0.3691
	4
	8760

	7
	12
	0.4785
	4
	11448

	10
	15
	0.6016
	4
	15264

	11
	16
	0.4551
	6
	16416

	14
	19
	0.5537
	6
	21384

	16
	21
	0.6504
	6
	25456

	18
	23
	0.7539
	6
	28336

	20
	25
	0.8525
	6
	31704

	21
	27
	0.6943
	8
	32856

	23
	29
	0.7783
	8
	36696

	25
	31
	0.8643
	8
	40576

	26
	32
	0.9258
	8
	42368
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Figure 1: BLER performance for new CQI tables supporting 256QAM: corresponding to CQI index #1~#15 from left to right.
In Table 6 and Table 7, we provide the simulation results for 256QAM CQI definition test for reported CQI distribution and BLER performance with medium CQI±1 for two codewords.
Table 6: Distribution of reported CQIs
	SNR
	CQI index (Reported CQI radio, codeword1/codeword2)

	
	1
	2
	3
	4
	5

	-6
	100%/100%
	
	
	
	

	-5
	100%/100%
	
	
	
	

	-4
	2%/2%
	98%/98%
	
	
	

	-3
	
	100%/100%
	
	
	

	-2
	
	99.7%/99.6%
	0.3%/0/4%
	
	

	-1
	
	
	100%/100%
	
	

	0
	
	
	100%/100%
	
	

	1
	
	
	100%/100%
	
	

	2
	
	
	91.2%/91.4%
	8.8%/8.6%
	

	3
	
	
	
	100%/100%
	

	SNR
	CQI index (Reported CQI radio, codeword1/codeword2)

	
	11
	12
	13
	14
	15

	17
	96.6%/96.6%
	3.4%/3.4%
	
	
	

	18
	
	100%/100%
	
	
	

	19
	
	100%/100%
	
	
	

	20
	
	100%/100%
	
	
	

	21
	
	4.2%/4.1%
	95.8%/95.9%
	
	

	22
	
	
	100%/100%
	
	

	23
	
	
	33.9%/33.9%
	66.1%/66.1%
	

	24
	
	
	
	100%/100%
	

	25
	
	
	
	100%/100%
	

	26
	
	
	
	100%/100%
	


Table 7: BLER performance for 256QAM dual codeword CQI definition test
	SNR
	Medium CQI+1 BLER
	Medium CQI-1 BLER
	Pass 10% BLER?

	
	Codeword 1
	Codeword 2
	Codeword 1
	Codeword 2
	

	-6
	1
	1
	0.02
	0.026
	Pass

	-5
	1
	1
	<0.001
	<0.001
	Pass

	-4
	1
	1
	<0.001
	<0.001
	Pass

	-3
	1
	1
	<0.001
	<0.001
	Pass

	-2
	1
	1
	<0.001
	<0.001
	Pass

	-1
	1
	1
	<0.001
	<0.001
	Pass

	0
	1
	1
	<0.001
	<0.001
	Pass

	1
	1
	1
	<0.001
	<0.001
	Pass

	2
	1
	1
	<0.001
	<0.001
	Pass

	3
	1
	1
	<0.001
	<0.001
	Pass

	…
	…
	…
	…
	…
	…

	17
	1
	1
	0.028
	0.03
	Pass

	18
	0.841
	0.846
	<0.001
	<0.001
	Pass

	19
	1
	1
	<0.001
	<0.001
	Pass

	20
	1
	1
	<0.001
	<0.001
	Pass

	21
	1
	1
	0.002
	0.003
	Pass

	22
	1
	1
	<0.001
	<0.001
	Pass

	23
	1
	1
	0.006
	0.007
	Pass

	24
	1
	1
	0.002
	<0.001
	Pass

	25
	1
	1
	<0.001
	<0.001
	Pass

	26
	1
	1
	<0.001
	<0.001
	Pass


The test purpose is to verify whether UE can support the new TBS/MCS/CQI tables defined in RAN1. Compared to the legacy CQI tables, three QPSK indices (CQI index #2, #4 and #6 in the legacy CQI table) and one 64QAM index (CQI index #15) are removed and the four new 256QAM indices (CQI index #12~15) are added. So the test points should include one low SNR test point and one high SNR test point.
Low SNR test point:

For low SNR test point, firstly in order to design a sanity test, the wrong UE behaviour needs be ruled out, namely, UE still follows the legacy tables for CQI reporting. In that way UE follows the legacy tables while the test equipment will follow the new tables. Thus there will be mismatch between test equipment and UE to translate CQI into MCS. When selecting the test point, we should preclude such wrong UE behaviour. In Table 8 we show the performance in BLER for such wrong UE behaviour.

Table 8: BLER performance for wrong UE behavior
	SNR
	Medium CQI+1 BLER
	Medium CQI-1 BLER
	Pass 10% BLER?

	
	Codeword 1
	Codeword 2
	Codeword 1
	Codeword 2
	

	-6
	1
	1
	0.02
	0.026
	Pass

	-5
	1
	1
	<0.001
	<0.001
	Pass

	-4
	1
	1
	<0.001
	<0.001
	Pass

	-3
	1
	1
	<0.001
	<0.001
	Pass

	-2
	1
	1
	<0.001
	<0.001
	Pass

	-1
	1
	1
	<0.001
	<0.001
	Pass

	0
	1
	1
	1
	1
	Fail

	1
	1
	1
	0.008
	0.008
	Pass

	2
	1
	1
	1
	1
	Fail

	3
	1
	1
	1
	1
	Fail


Secondly, the SNR range for selecting low SNR test point should be within operating SNR range for CQI index with QPSK modulation, i.e., CQI index #1~3.
According to the simulation results as shown in Figure 1, the CQI indices with QPSK have been modified in the new table compared to the old one. The operating SNR range for QPSK CQI indices would be approximately < 5dB. And according to simulation results shown in Table 8, the SNR should be larger than 2 dB to rule out the wrong UE behaviour. So we think that for the low SNR test the test point should be in the range of [2, 5] dB
High SNR test point:

The high SNR test point should be selected out of the SNR range for the legacy CQI tables such that 256QAM CQI should be selected during at least larger than 90% of the test time.
According to the simulation results, we think that for the high SNR test the test point should be about the largest CQI index with 64QAM, i.e., in the range of >18dB.
· Proposal 2: For 256QAM CQI definition test, the low SNR test point selected should be in the range of [2, 5] dB and the high SNR test point selected should be in the range of >18dB.
· Proposal 3: For 256QAM CQI definition test, it is proposed to use the reporting CQI distribution and BLER criterion as the test metric.
5 Conclusions
In this contribution, we provide our views on 256QAM CSI tests. The observations and proposals are summarized as follows:
· Observation 1: It seems acceptable to narrow down to Option 3 and Option 4;
· Observation 2: It seems agreeable to introduce one CRS based CQI test and one CSI-RS based CQI test.
· Proposal 1: For 256QAM, a new CQI definition test with PUCCH 1-1 dual layer TM4 and a new fading CQI test with PUSCH 3-1 TM9 will be introduced.
· Proposal 2: For 256QAM CQI definition test, the low SNR test point selected should be in the range of [2, 5] dB and the high SNR test point selected should be in the range of >18dB.
· Proposal 3: For 256QAM CQI definition test, it is proposed to use the reporting CQI distribution and BLER criterion as the test metric.
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