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Proposed descriptions of differential CQI and feedback periods for the feedback formats of the SFBCH (15.3.9.3.1.4)
David Mazzarese, Sangheon Kim, Hokyu Choi, Heewon Kang

Samsung Electronics Co., Ltd.
Introduction
This contribution specifies the timing of short feedback and long feedback periods in the MIMO feedback formats. It also specifies the equations to determine the subband CQI and differential CQI. At the same time, we regroup the descriptions of CQI assumptions under section 15.3.9.3.1.3 (Channel quality indicator(CQI) definition).
Proposed AWD text has been underlined in blue, AWD text that has been deleted has been marked in red and struck through and existing AWD text is shown in black.
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Proposed AWD text
<Modify the section 15.3.9.3.1.4 on line 36, page 450 as shown >

----------------------------------------- Start of Proposed Text 1 --------------------------------------------
15.3.9.3.1.4 Feedback format
Feedback format for MFM 0,1,4,7
Feedback formats for MFM 0, 1, 4, and 7 are listed in Table xx 745. Short term report happens in every reporting period as defined in feedback allocation A-MAP IE, long term report will puncture short term report according to long term feedback period in feedback allocation A-MAP IE. The long period report shall start by puncturing the first short period report if MFM = 4 or 7, or by puncturing the 2q-th short period report if MFM = 0 or 1, where q is defined in the feedback allocation A-MAP IE. The wideband CQI is one average CQI corresponding to the MIMO mode signaled by the combination MFM and STC rate, with averaging over the whole band. In the case where the number of DL frequency partitions FPCT > 1, the wideband CQI is one average CQI over the corresponding frequency partition.
Table 745 - Feedback formats for MIMO feedback mode 0, 1, 4, and 7
	MFM
	FBCH
	Number of reports
	Report period
	Feedback Fields
	Size in bits
	Description/Notes

	0 
	PFBCH
	2
	Short
	Wideband CQI and STC rate
	N/A
	Joint encoding of CQI and STC rate
Encoding type 0

	
	
	
	Long
	Wideband CQI and STC rate
	N/A
	Joint encoding of CQI and STC rate
Encoding type 0

Long term FPI for FFR

	1 
	PFBCH
	2
	Short
	Wideband CQI and STC rate
	N/A
	Joint encoding of CQI and STC rate
Encoding type 0

	
	
	
	Long
	Wideband CQI and STC rate
	N/A
	Joint encoding of CQI and STC rate
Encoding type 0

Long term FPI for FFR

	4
	PFBCH
	2
	Short
	Wideband CQI
	N/A
	STC rate = 1
Encoding type 0

	
	
	
	Long
	Wideband PMI
	N/A
	PMI for rank 1
Encoding type 2

	7
	PFBCH
	2
	Short
	Wideband CQI
	N/A
	STC rate = 1
Encoding type 0

	
	
	
	Long
	Wideband PMI
	N/A
	PMI for rank 1
Encoding type 2


Feedback format for MFM 2
The detailed format is listed in Table 727 746. Short term report happens in every reporting period as defined in feedback allocation A-MAP IE, long term report will puncture short term report according to long term feedback period in feedback allocation A-MAP IE. The long period report shall start by puncturing the first short period report. If the PFBCH indicator in SFBCH is set to ‘1’, PFBCH is transmitted by puncturing SFBCH in the next feedback opportunity regardless of short-term and long-term feedback using encoding type 0.
The CQI of subband m shall be computed as follows: (Subband m CQI index) = (Subband avg CQI index) – (Differential CQI for subband m). Subband avg CQI index is an average measure of the CQI over the M reported subbands. The possible differential CQI values are {-1, 0, +1, +2}.
Table 746 - Feedback formats for MIMO feedback mode 2
	Feedback Format
	FBCH
	Number of reports
	Report period
	Feedback Fields
	Size in bits
	Description/Notes

	0 (M = 1)
	PFBCH
	2
	Short
	Subband CQI and 
STC rate (rate=1 and 2)
	N/A
	Joint encoding of CQI and STC rate with PFBCH PFBCH encoding Type 0

	
	
	
	Long
	Subband index
	N/A
	PFBCH encoding Type 1

	1 (M = 1)
	SFBCH
	1
	Subband index

Subband CQI
STC rate
PFBCH indicator 
	3, 4, or 5
4

1~3
1
	Subband index for 5, 10, or 20MHz

Support of STC rate 1 to 8

	2 (M = 3)
	SFBCH
	2
	Short
	Subband avg CQI
differential CQI
	4
2(3 = 6
	Subband index for 5, 10, or 20MHz

	
	
	
	Long
	Subband index
Wideband STC rate
PFBCH indicator
	5, 8 or 11
1~3
1
	

	3 (M = 5)
	SFBCH
	2
	Short
	Subband avg CQI
differential CQI
	4
2(5 = 10
	

	
	
	
	Long
	Subband index
Wideband STC rate
PFBCH indicator
	3, 10, or 16
1~3
1
	


Feedback format for MFM 3

The detailed format is listed in Table 728 747. Short term report happens in every reporting period as defined in feedback allocation A-MAP IE, long term report will puncture short term report according to long term feedback period in feedback allocation A-MAP IE. The long period report shall start by puncturing the first short period report. For feedback format 0 with 3 reports using the PFBCH, Subband PMI shall be transmitted first after subband index. For feedback format 0 with PFBCH, Then subband CQI and subband PMI are transmitted alternately and subband index is transmitted in the long term period by PFBCH encoding type 1. If the PFBCH indicator in SFBCH is set to ‘1’, PFBCH is transmitted by puncturing SFBCH in the next feedback opportunity regardless of short-term and long-term feedback using encoding type 0.
The CQI of subband m shall be computed as follows for the first short period report following a long period report: (Subband m CQI index) = (Subband avg CQI index) – (Subband differential CQI).
For other short period reports, the CQI of subband m shall be computed as follows: (Subband m CQI index of the current report) = (Subband m CQI index computed from the previous report) - (Subband differential CQI).
Subband avg CQI index is an average measure of the CQI over the M reported subbands. The possible differential CQI values are {-1, 0, +1, +2}.
Table 747 - Feedback formats for MIMO feedback mode 3
	Feedback Format
	FBCH
	Number of reports
	Report period
	Feedback Fields
	Size in bits
	Description/Notes

	0 (M = 1)
	PFBCH
	3
	Short
	Subband CQI
	N/A
	PFBCH encoding Type 0

	
	
	
	Short
	Subband PMI
	N/A
	PFBCH encoding Type 2

STC rate = 1

	
	
	
	Long
	Subband index
	N/A
	PFBCH encoding Type 1

	1 (M = 2)
	SFBCH
	2
	Short
	Subband differential CQI
Subband PMI
	2(2
(3~6)(2
	Subband index for 5, 10, or 20MHz

	
	
	
	Long
	Subband index
Wideband STC rate
Subband avg CQI
PFBCH indicator
	4, 7 or 9
1~3
4

1
	

	2 (M = 3)
	SFBCH
	2
	Short
	Subband differential CQI
subband PMI
	2(3
(3~6)(3
	

	
	
	
	Long
	Subband index
Wideband STC rate
Subband avg CQI
PFBCH indicator
	5, 8 or 11
1~3
4
1
	

	3 (M = 4)
	SFBCH
	2
	Short
	Subband differential CQI
Subband PMI
	2(4
(3~4)(4
	

	
	
	
	Long
	Subband index
Wideband STC rate
Subband avg CQI
PFBCH indicator
	4, 9 or 14
1~3
4
1
	


Table 748 - Feedback formats for MIMO feedback mode 3 for differential codebook

	Feedback Format
	FBCH
	Number of Reports
	Report period
	Feedback Fields
	Size in bits 
	Description/Notes

	0 (M =1)
	SFBCH
	2
	Short 
	Subband CQI
Differential PMI
	4
2-4
	Diff. PMI 

(Nt=2: 2 bit, 

Nt=4: 4 bit, 

Nt=8: 4 bit)

	
	
	
	Long 
	Subband index
STC rate 

Base PMI

CQI
PFBCH indicator
	3, 4 or 5

1 to 3 

3-6

4
1
	Subband index for 5, 10, or 20MHz

PMI for reset.

CQI for reset

	1 (M=2)
	SFBCH
	2
	Short
	Diff CQI 

Differential PMI
	2×2 = 4

2×2~2×4=4~8
	Diff. PMI(

Nt=2: 2 bits per subband,

Nt=4: 4 bits per subband,
Nt=8: 4 bits per subband)

	
	
	
	Long
	Subband index
STC rate
Avg CQI

Base PMI
PFBCH indicator
	4, 7 or 9

1~3 

4

2×3~2×6=6~12
1
	Subband index for 5, 10, or 20MHz

	2 (M =3)
	SFBCH
	2
	Short
	Diff CQI 

Differential PMI
	3×2 = 6

3×2~3×4=6~12
	Diff. PMI

(Nt=2: 2 bits per subband,
Nt=4: 4 bits per subband,
Nt=8: 4 bits per subband)

	
	
	
	Long
	Subband index
STC rate 

Avg CQI

Base PMI
PFBCH indicator
	8 or 10

1~3 

4

3×3~3×6=9~18
1
	Subband index for 5, 10, or 20MHz 

	3 (M =4)
	SFBCH
	3
	Short
	Diff CQI 

Differential PMI
	4×2=8

4×2~4×4=8~16
	Diff. PMI

(Nt=2: 2 bits per subband

Nt=4: 4 bits per subband

Nt=8: 4 bits per subband)

	
	
	
	Long
	Subband index
STC rate 

Avg CQI

Base PMI
PFBCH indicator
	4, 9 or 14

1~3 

4

4×3~4×4=12~16
1
	Subband index for 5, 10, or 20MHz 
Base PMI 

(Nt=2: 3 bits per subband,
Nt=4: 4 bits per subband,
Nt=8: 4 bits per subband)
2 long reports will puncture short report continuously.


Feedback format for MFM 5

The detailed format is listed inTable 729 749. Short term report happens in every reporting period as defined in feedback allocation A-MAP IE, long term report will puncture short term report according to long term feedback period in feedback allocation A-MAP IE. The long period report shall start by puncturing the first short period report. If the PFBCH indicator in SFBCH is set to ‘1’, PFBCH is transmitted by puncturing SFBCH in the next feedback opportunity regardless of short-term and long-term feedback using encoding type 0.
The CQI of subband m shall be computed as follows: (Subband m CQI index) = (Subband avg CQI index) – (Differential CQI for subband m). Subband avg CQI index is an average measure of the CQI over the M reported subbands. The possible differential CQI values are {-1, 0, +1, +2}.
Table 749 - Feedback formats for MIMO feedback mode 5
	Feedback Format
	FBCH
	Number of Reports
	Report period
	Feedback Fields
	Size in bits 
	Description/Notes

	0 (M =1)
	SFBCH
	1
	Short
	Subband index
Subband CQI

Stream Index
PFBCH indicator
	3, 4, or 5
4
1~2
1
	Subband index for 5, 10, or 20MHz 

	1 (M=2)
	SFBCH
	2
	Short
	Subband avg_CQI
Subband differential CQI
Stream Index
	4
2(2=4
(1~2) (2
	

	
	
	
	Long
	Subband index

PFBCH indicator
	4, 7, or 9
1
	Subband index for 5, 10, or 20MHz

	2 (M =3)
	SFBCH
	2
	Short
	Subband avg_CQI
Subband differential CQI
Stream Index
	4
2(3=6
3( (1~2)
	

	
	
	
	Long
	Subband index
PFBCH indicator
	5, 8, or 11
1
	Subband index for 5, 10, or 20MHz

	3 (M =5)
	SFBCH
	3
	Short
	Subband avg_CQI
Subband differential CQI
Stream Index
	4
2(5=10
(1~2) (5
	

	
	
	
	Long
	Subband index
PFBCH indicator
	3, 10, or 16
1
	Subband index for 5, 10, or 20MHz


Feedback format for MFM 6

The detailed format is listed in Table xxx 750. Short term report happens in every reporting period as defined in feedback allocation A-MAP IE, long term report will puncture short term report according to long term feedback period in feedback allocation A-MAP IE. The long period report shall start by puncturing the first short period report. For feedback format 0 with 3 reports using the PFBCH, Subband PMI shall be transmitted first after subband index. For feedback format 0 with PFBCH, Then subband CQI and subband PMI are transmitted alternately and subband index is transmitted in the long term period by PFBCH encoding type 1. If the PFBCH indicator in SFBCH is set to ‘1’, PFBCH is transmitted by puncturing SFBCH in the next feedback opportunity regardless of short-term and long-term feedback using encoding type 0.
The CQI of subband m shall be computed as follows for the first short period report following a long period report: (Subband m CQI index) = (Subband avg CQI index) – (Subband differential CQI).
For other short period reports, the CQI of subband m shall be computed as follows: (Subband m CQI index of the current report) = (Subband m CQI index computed from the previous report) - (Subband differential CQI).

Subband avg CQI index is an average measure of the CQI over the M reported subbands. The possible differential CQI values are {-1, 0, +1, +2}.
Table 750 - Feedback formats for MIMO feedback mode 6
	Feedback Format
	FBCH
	Number of reports
	Report period
	Feedback Fields
	Size in bits
	Description/Notes

	0 (M = 1)
	PFBCH
	3
	Short
	Subband CQI
	N/A
	PFBCH encoding Type 0

	
	
	
	Short
	Subband PMI
	N/A
	PFBCH encoding Type 2

	
	
	
	Long
	Subband index 
	N/A
	PFBCH encoding Type 1

	1 (M = 2)
	SFBCH
	2
	Short
	Subband differential CQI
Subband PMI
	2(2
(3~6)(2
	Subband index for 5, 10, or 20MHz

	
	
	
	Long
	Subband index
Subband avg CQI
PFBCH indicator
	4, 7 or 9
4

1
	

	2 (M = 3)
	SFBCH
	2
	Short
	Subband differential CQI
Subband PMI
	2(3
(3~6)(3
	

	
	
	
	Long
	Subband index
Subband avg CQI
PFBCH indicator
	5, 8 or 11
4
1
	

	3 (M = 4)
	SFBCH
	2
	Short
	Subband differential CQI
Subband PMI
	2(4
(3~4)(4
	

	
	
	
	Long
	Subband index
Subband avg CQI
PFBCH indicator
	4, 9 or 14
4
1
	


Table 751 - Feedback formats for MIMO feedback mode 6 for differential codebook
	Feedback Format
	FBCH
	Number of Reports
	Report period 
	Feedback Fields
	Size in bits 
	Description/Notes

	0 (M =1)
	SFBCH
	2
	Short 
	Subband CQI
Differential PMI
	4
2~4
	Diff. PMI 

(Nt=2: 2 bit, 

Nt=4: 4 bit, 

Nt=8: 4 bit)

	
	
	
	Long 
	Subband selection

Base PMI

CQI
PFBCH indicator
	3, 4 or 5

3-6

4
1
	PMI for reset.

CQI for reset

	1 (M=2)
	SFBCH
	2
	Short
	Diff CQI 

Differential PMI
	2×2 = 4

2×2~2×4=4~8
	Diff. PMI(

Nt=2: 2 bits per subband,

Nt=4: 4 bits per subband,
Nt=8: 4 bits per subband)

	
	
	
	Long
	Subband selection

Avg CQI

Base PMI
PFBCH indicator
	4, 7 or 9

4

2×3~2×6=6~12
1
	

	2 (M =3)
	SFBCH
	2
	Short
	Diff CQI 

Differential PMI
	3×2 = 6

3×2~3×4=6~12
	Diff. PMI

(Nt=2: 2 bits per subband,
Nt=4: 4 bits per subband,
Nt=8: 4 bits per subband)

	
	
	
	Long
	Subband selection

Avg CQI

Base PMI
PFBCH indicator
	5, 8 or 10

4

3×3~3×6=9~18
1
	

	3 (M =4)
	SFBCH
	3
	Short
	Diff CQI 

Differential PMI
	4×2=8

4×2~4×4=8~16
	Diff. PMI

(Nt=2: 2 bits per subband

Nt=4: 4 bits per subband

Nt=8: 4 bits per subband)

	
	
	
	Long
	Subband index
Avg CQI

Base PMI
PFBCH indicator
	4, 9 or 14

4

4×3~4×4=12~16
1
	Subband index for 5, 10, or 20MHz 
Base PMI 

(Nt=2: 3 bits per subband,

Nt=4: 4 bits per subband,
Nt=8: 4 bits per subband)

2 long reports will puncture short report continuously.


------------------------------------------- End of Proposed Text 1 --------------------------------------------
<< Modify section “15.3.7.2.6.1 Downlink post-processing CINR measurement feedback” as follows >>

----------------------------------------- Start of Proposed Text 2 --------------------------------------------
15.3.7.2.6.1 Downlink post-processing CINR measurement feedback 
The reported channel quality indicator has two types: wideband CQI, subband CQI.

The wideband CQI is one average CQI over the whole band.

The subband CQI is one average CQI over the subband.

For MU-MIMO feedback modes, the CQI is calculated at the AMS assuming that the interfering users are scheduled by the serving ABS using rank-1 precoders orthogonal to each other and orthogonal to the rank-1 precoder represented by the reported PMI.
----------------------------------------- End of Proposed Text 2 --------------------------------------------
<< Modify “section 15.3.9.3.1.3 Channel quality indicator(CQI) definition” as follows >>

----------------------------------------- Start of Proposed Text 3 --------------------------------------------
15.3.9.3.1.3 Channel quality indicator(CQI) definition
The CQI feedback together with the rank feedback (when applicable) composes the spectral efficiency value reported by the AMS. This value corresponds to the measured block error rate which is the closest, but not exceeding, a specific target error rate.

The CQI report shall be based on the assumption of specific reference parameters, such as: target error rate value, H-ARQ mode and block size. In order to allocate the AMS with MCS level and rank appropriate for the actual requirements, the ABS should make adjustments to the AMS reported spectral efficiency, by considering parameters values different from the reference ones and by adapting it to delay and mobility conditions.
For MU-MIMO feedback modes with codebook-based feedback, the CQI is calculated at the AMS assuming that the interfering users are scheduled by the serving ABS using rank-1 precoders orthogonal to each other and orthogonal to the rank-1 precoder represented by the reported PMI.
Wideband CQI

Wideband CQI is one average CQI over whole band corresponding to the MIMO mode. In the case where the number of DL frequency partitions FPCT > 1, the wideband CQI is one average CQI over the corresponding frequency partition.

Subband CQI

Subband CQI is represented by one base CQI (ave_CQI) over the selected M subbands (or whole bandwidth TBD) plus a differential CQI, which is used for best-M feedback.

For best-M feedback, the subband selection and Ave_CQI and Diff_CQI may be reported at different intervals, and share the same FBCH with TDM manner. Subband selection and Ave_CQI will puncture the Diff_CQI at every [4th TBD] report if TDM is enabled.

[All subband CQIs across the whole bandwidth may be organized in hierarchical tree (TBD)]

[Reporting of transformed coefficients is TBD, where AMS linearly transforms all the subband CQIs (whole band) into a series of progressively insignificant coefficients, and quantize the coefficients to few bits for feedback. The transformed values are sent over one or several reports]

Specified CQI (TBD)

Specified CQI is the CQI specified for a certain RU indicated by DLRU parameters in feedback allocation A-MAP IE.
----------------------------------------- End of Proposed Text 3 --------------------------------------------
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