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Introduction
At the RAN1 #88 meeting [1], Advanced CSI feedback details were discussed and following agreements and conclusions were reached:
	Conclusion: 
· Advanced CSI is not supported in Rel-14 with:
· Class B (including hybrid CSI)
· semi-open-loop transmission. 
Agreement: 
· Confirm the working assumption from RAN1#87
Agreement:
· For RI=1,2 CQI/PMI is calculated based on advanced CSI codebook
· For RI>2, CQI/PMI is calculated based on legacy/class A codebook (see below)
· For A-CSI, support PUSCH mode 1-2, 2-2, 3-1, and 3-2
· For P-CSI, support only PUCCH mode 1-1 
· PUCCH Format 2/2a/2b is used
· 3 reporting instances (analogous to Rel.13 Class A)
· 1st reporting instance: RI + beam power
· When RI >2, reported beam power is zero
· 2nd reporting instance: (i1,1,i1,2) + beam selection
· 3rd reporting instance: i2 / CQI
· For rank 1, i2 is 6 bits (not subsampled)
· For rank 2, i2 is 4 bits, with the following working assumption for W2: 
where c (2 bits) is QPSK, and  is {1,j} and is {1,-1}
· For rank 3-8 P-CSI and rank 3-8 A-CSI, use the following codebooks:
· 4 port: Rel. 8/12 4 Tx rank 3-4 codebook 
· 8 port, 1D: Rel. 10 8 Tx rank 3-8 codebook
· 8 ports, 2D: Rel. 13 rank 3-8 Class A codebook
· {12,16,20,24,28,32} ports: Rel. 13/14 rank 3-8 Class A codebook
· (N1,N2) combinations
· Support all Rel. 13/14 Class A combinations
· Support two additional combinations, (N1,N2) = (2,1) and (4,1)
· Use Class A RRC parameter to configure codebook parameters
· (N1,N2)
· (O1,O2,Config) only for Class A (N1,N2) combinations and rank 3-8
The working assumption for W2 can be revisited with a CR at RAN1#88bis if redundant PMIs are identified and there is consensus for an alternative. 
Agreement
· For A-CSI-only feedback without UL-SCH, the restriction on the maximum RB assignment (e.g., N_RB ≤ 4 for single CC and N_RB ≤ 20 for multiple CCs) is not applicable


At the RAN1 #88b meeting [2], advanced CSI feedback details were discussed and the conclusion was:
	Conclusion: 
Discuss further till next meeting


In this contribution, we provide our views on advanced CSI feedback on PUSCH. Evaluation results are provided in this contribution to verify the beam power selection probability.
Advanced CSI feedback details on PUSCH
For present, in advanced CSI feedback on PUSCH, one divergence is that beam power for the second beam in advanced CSI should or should not joint report with RI. Another divergence is that the beam power for the second beam should or should not joint encoded with RI. We provide our views on the two problems in this section.





In the TS 36.212, parameters i1,1-1 , i1,2-1 , i1,1-2 , i1,2-2 , i1,p-2 correspond to parameters  , ,  , , and in section 7.2.4 of TS 36.213, of which i1,1-1 , i1,2-1 , i1,1-2 , i1,2-2 represent PMI index combinations and  i1,p-2 represent the relative power index (RPI). In this contribution i1,1-1, i1,2-1, i1,1-2, i1,2-2, i1,p-2 are used to describe CSI reporting.


In RAN1#87 meeting [3], relative beam power value for combined beam was agreed, i.e., beam power was scaled to four levels: 0, , and 1. In RAN1#88 meeting [1], P-CSI reporting instances for advanced CSI were agreed in which the first reporting instance should be paid special attention to: RI + beam power. In P-CSI, by reporting beam power together with RI, the reporting overhead for beam index and CQI can be adaptive. It is calculated that if the relative beam power was zero, up to 7 bits could be saved (3 bits for combined beam index and 4 bits for W2 reporting for rank 1).
Regarding A-CSI reorting for advancd CSI, the same principle shall be applied, i.e., the overall CQI/PMI feedback payload shall be adaptive to the RI and the relative power amplitude, i.e., i1,p-2. Therefore the reporting scheme should follow P-CSI reporting, i.e., relative power index i1,p-2 should be reported together with RI, which is similar to joint report of CRI/RI. From the eNB side, RI and i1,p-2 will be decoded before CQI/PMI (excluding i1,p-2), then the payload of the CQI/PMI (excluding i1,p-2) can be calculated after decoding the joint report of RI and  i1,p-2. By this means, if the relative beam power value was set to zero, there is no need to report additional information related to the combined beam. As a result, the overall overhead can be reduced by adopting joint reporting of RI and i1,p-2.
To verify the effectiveness of overhead calculation by joint reporting of RI and i1,p-2. One overhead calculation example is given below. The table is abstracted from TS 36.212 Table 5.2.2.6.2-2E-7. But same principle shall be applied to other similar tables, e.g., Table 5.2.2.6.2-2E-4, Table 5.2.2.6.2-2E-5,Table 5.2.2.6.2-2E-6,.etc.

Table 5.2.2.6.2-2E-7: Fields for channel quality information feedback for higher layer configured subband CQI and subband PMI reports (transmission mode 9/10 configured with higher layer parameters advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled= TRUE and eMIMO-Type is set to ‘CLASS A’ with codebook configuration  and CodebookConfig=2/3/4) 
	Field
	Bitwidth
	

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	

	

	

	


	Wideband CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	

	

	


	Wideband first PMI i1,1-1
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	Wideband first PMI i1,2-1
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	Wideband first PMI i1,1-2
	

	

	0
	0

	Wideband first PMI i1,2-2
	

	

	0
	0

	Wideband first PMI i1,p-2
	2
	2
	0
	0

	Subband second PMI i2
	

	

	

	


	Field
	Bitwidth
	

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	

	

	

	


	Wideband CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	

	

	

	


	Wideband first PMI i1,1-1
	

	

	

	


	Wideband first PMI i1,2-1
	

	

	

	


	Wideband first PMI i1,1-2
	0
	0
	0
	0

	Wideband first PMI i1,2-2
	0
	0
	0
	0

	Wideband first PMI i1,p-2
	0
	0
	0
	0

	Subband second PMI i2
	0
	0
	0
	0


By allowing adaption of the feedback overhead for CQI/PMI (excluding i1,p-2), depending on the value of i1,p-2, we shall have the following two different payload calculate for PMI i1,1-2, PMI i1,2-2 and i2, as shown in Table I and Table II for i1,p-2≠0 and i1,p-2=0, respectively.
Table I: Payload of PMI i1,1-2, PMI i1,2-2 and i2 when i1,p-2≠0.
	Wideband first PMI i1,1-2
	

	

	0
	0

	Wideband first PMI i1,2-2
	

	

	0
	0

	Subband second PMI i2
	

	

	

	



Table II: Payload of PMI i1,1-2, PMI i1,2-2 and i2 when i1,p-2=0.

	Wideband first PMI i1,1-2
	0
	0
	0
	0

	Wideband first PMI i1,2-2
	0
	0
	0
	0

	Subband second PMI i2
	

	

	

	







It is observed that if i1,p-2=0, overhead for enries above can be reduced, which will save 4N++bits for rank 1, 10N++ bits for rank 2. 
Note that such overhead adaptation principle is already available for rank adaptation. Introducing similar principle for advanced CSI seems straightforward. However, in order to achieve that, it shall be clarified that the i1,p-2 shall not be included in the field of CQI/PMI (excluding i1,p-2) feedback.
During the discussion at RAN1#88bis meeting, there are some concerns about the possiblity that zero beam power selection is not high, so the overhead reduction is not neccesary. To verify the effectiveness of separate beam power and PMI feedback scheme, we conducted evaluation on beam selection probability.
we assume free selection of the combined beams and study the relationship between the combined beams with respect to the leading beam. The evaluation results are shown in Figure 1, where N1 is the antenna port number in vertical dimension, N2 is the antenna port number in horizontal dimension. In the figures, leading beam is always located at position (1,1).
[image: ]   [image: ]
Figure 1: Beam selection probabilities.
From the results, we can observe that in (N1, N2) = (2, 8) case, there is up to 20% probability that the combined beam will be the same beam with the leading beam, which means that the beam power level for combined beam is zero. In (N1, N2) = (4, 4) case, there is up to 30% probability that the combined beam will be the same beam with the leading beam. In summary, there is high possibility, i.e.,20%~30% that beam power for combined beam will be zero, so the overhead reduction for CSI feedback should not be ignored. Separately feeding back beam power and PMI, and making the PMI payload depend on the reported beam power is an effective way for saving the unnecessary overhead.
Based on the discussions above, we propose that:
Proposal 1: Support separate fields for i1,p-2 and CQI/PMI(excluding i1,p-2) reporting on PUSCH feedback for advanced CSI.
Regarding the second problem that whether RI and i1,p-2 should be joint encoded or not, we may take the information importance into consiseration. If no obvious performance gain is observed, separate encoding of RI and i1,p-2 is prefered.
[bookmark: OLE_LINK5]Proposal 2: RI and i1,p-2 can be separately encoded.
Given the above proposals, we suggest the following changes to the current version of 36.212 by using the example of Table 5.2.2.6.2-2E-7. In the table, added or modified contents are marked with red color. Note that Wideband first PMI i1,p-2 field shall be removed from the table. Clarification that the coding procedure for i1,p-2 can follow that of RI (with up to 2 bits) can be captured in Section 5.2.2.6 and the corresponding bitwidth of i1,p-2 shall be given.

Table 5.2.2.6.2-2E-7: Fields for channel quality information feedback for higher layer configured subband CQI and subband PMI reports (transmission mode 9/10 configured with higher layer parameters advancedCodebookEnabled and eMIMO-Type, and advancedCodebookEnabled= TRUE and eMIMO-Type is set to ‘CLASS A’ with codebook configuration  and CodebookConfig=2/3/4) 
	Field
	Bitwidth
	

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	
	i1,p-2≠0
	i1,p-2=0
	i1,p-2≠0
	i1,p-2=0
	
	

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	

	

	

	


	Wideband CQI codeword 1
	0
	4
	4
	4

	Subband differential CQI codeword 1
	0
	

	

	


	Wideband first PMI i1,1-1
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	Wideband first PMI i1,2-1
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	Wideband first PMI i1,1-2
	

	0
	

	0
	0
	0

	Wideband first PMI i1,2-2
	

	0
	

	0
	0
	0

	Subband second PMI i2
	

	

	

	

	

	


	Field
	Bitwidth
	

	
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wideband CQI codeword 0
	4
	4
	4
	4

	Subband differential CQI codeword 0
	

	

	

	


	Wideband CQI codeword 1
	4
	4
	4
	4

	Subband differential CQI codeword 1
	

	

	

	


	Wideband first PMI i1,1-1
	

	

	

	


	Wideband first PMI i1,2-1
	

	

	

	


	Wideband first PMI i1,1-2
	0
	0
	0
	0

	Wideband first PMI i1,2-2
	0
	0
	0
	0

	Subband second PMI i2
	0
	0
	0
	0


[bookmark: _GoBack]
Summary
In this contribution, we discuss the advanced CSI reporting details on PUSCH. We have the following proposals.
Proposal 1: Support separate fields for i1,p-2 and CQI/PMI(excluding i1,p-2) reporting on PUSCH feedback for advanced CSI.
Proposal 2: RI and i1,p-2 can be separately encoded.
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Appendix
Table A: Evaluation assumptions
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Parameters Values
Traffic Model FTP
Channel model UMi-2GHz
Number of BS (M, N, P) antenna elements (8,4,2)
(Ny, N,, P) 4,4,2)
Oversampling factor (0,,0,) (8,4)

BS (H,V) antenna spacing (0.5,0.8)A

BS and MS antenna polarizations

BS: (+45°,-45°); MS: (0°, 90°)

Number of UE antennas

2

Scheduling MU, Proportional fair, up to 4 layers
Channel estimation Ideal

Transmission rank 1,2

Receiver MMSE-IRC

Codebook LC codebook





image3.wmf
1

d


oleObject3.bin

image4.wmf
2

d


oleObject4.bin

image5.wmf
p

I


oleObject5.bin

image6.wmf
0.25


oleObject6.bin

image7.wmf
0.5


oleObject7.bin

image8.wmf
)

,

,

,

(

2

1

2

1

O

O

N

N


oleObject8.bin

image9.wmf
N

2


oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

image10.wmf
(

)

é

ù

1

1

2

log

O

N


image11.wmf
ú

ú

ú

ù

ê

ê

ê

é

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ú

ê

ë

ê

-

+

´

8

9

2

log

2

1

1

1

2

N

S

O

N


oleObject16.bin

oleObject17.bin

image12.wmf
(

)

é

ù

2

2

2

log

O

N


image13.wmf
22

2

2

log

NO

S

éæöù

ç÷

êú

êèøú


oleObject18.bin

oleObject19.bin

image14.wmf
é

ù

)

(

log

1

2

L


oleObject20.bin

image15.wmf
é

ù

)

(

log

1

2

L


oleObject21.bin

image16.wmf
é

ù

)

(

log

2

2

L


oleObject22.bin

image17.wmf
é

ù

)

(

log

2

2

L


oleObject23.bin

image18.wmf
6

N


oleObject24.bin

image19.wmf
12

N


oleObject25.bin

image20.wmf
4

N


oleObject26.bin

image21.wmf
3

N


oleObject27.bin

oleObject28.bin

oleObject29.bin

oleObject30.bin

oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

image22.wmf
(

)

21

11

log

/

N

OS

éù

êú


oleObject36.bin

oleObject37.bin

oleObject38.bin

oleObject39.bin

image23.wmf
(

)

22

22

log

/

N

OS

éù

êú


oleObject40.bin

oleObject41.bin

oleObject42.bin

oleObject43.bin

oleObject44.bin

oleObject45.bin

oleObject46.bin

oleObject47.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

image24.wmf
2

N


oleObject52.bin

image25.wmf
2

N


oleObject53.bin

oleObject54.bin

oleObject55.bin

image26.wmf
21

log()

L

éù

êú


oleObject56.bin

image27.wmf
22

log()

L

éù

êú


oleObject57.bin

oleObject58.bin

oleObject59.bin

image28.png
Combined Beam Distribution for (N1,N2)=(2,8)
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Combined Beam Distribution for (N1,N2)=(4,4)
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