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Introduction
In RAN1#88 meeting following agreements were made on type II CSI feedback.

Agreements:
· Refine the description in 38.802 for Type II CSI Category I as follows
· Dual-stage W = W1W2 codebook 

· W1 consists of a set of L orthogonal beams taken from 2D DFT beams

· The set of L beams is selected out of a basis composed of oversampled 2D DFT beams

· L ({2, 3, 4, FFS 6} (L is configurable)

· Beam selection is wideband

· W2: L beams are combined in W2 with common W1, 

· Subband reporting of phase quantization of beam combining coefficients

· Configurable between QPSK and 8-PSK phase related information quantization

Agreements:

· Update the description in the TR for Type II CSI Category II as follows

· The feedback of channel covariance matrix is long term and wideband 

· A quantized/compressed version of covariance matrix is reported by the UE
· Quantization/compression is based on a set of M orthogonal basis vectors

· Reporting can include indicators of the M basis vectors along with a set of coefficients

· FFS: basis set

· Other quantized/compressed versions of channel covariance matrix are not precluded

Following items are categorized according to the contributions submitted in RAN1#88bis.
1. Supported category
a) Category 1: LGE, Qualcomm, NTT DoCoMo(Down selection between Category I and Category II), CATT, Huawei, Ericsson, Samsung
b) Category 2: Intel, Qualcomm, NTT DoCoMo(Down selection between Category I and Category II), Huawei, LGE (FFS)
c) Category 3: ZTE, Huawei,
Observation: majority companies support Cat 1.
Proposal: further evaluation is needed and down select or merge in RAN1#89
2. Type II category 1 schemes

a) Scheme 1-1

i. Support by: Samsung, Qualcomm, Ericsson, Nokia, 

b) Scheme 1-2

i. Supported by: CATT

c) Scheme 1-3

i. Supported by: Huawei

ii. Opposed by: Ericsson, Samsung
d) Scheme 1-4

i. Opposed by: Ericsson, Samsung
e) Scheme 1-5

i. Supported by: ZTE
f) New scheme

i. Supported by: LGE
Observation: majority companies support scheme 1-1

Proposal: further evaluation is needed and down select or merge in RAN1#89.
3. W2 for higher rank

a) Independent encoding of layers

i. Supported by: Samsung, Ericsson, Huawei, LGE (rank <= 2), Docomo, CATT, Qualcomm 

b) Joint encoding of layers

i. Supported by: ZTE, 

Observation: majority companies support independent encoding

Proposal: support independent encoding of layers.
4. Number of beams L 
a) L({2,3,4,6}
i. Huawei, Samsung
b) L({2,3,4}
i. Ericsson, LGE, CATT, Qualcomm

Observation: majority companies support L({2,3,4}
Proposal: L({2,3,4} is already agreed, further evaluate L=6 and make decision in RAN1#89.
5. Beam selection

a) Constraint with pre-defined pattern

i. ZTE, LGE
b) Unconstraint

i. Huawei, Ericsson, CATT, 
c) From UE selected basis set

i. Samsung

d) Hybrid scheme (some beams are selected from pre-configured beam groups and other beams are selected freely)

i. NTT DoCoMo

Observation: majority of companies support unconstrained beam selection.

Proposal: further evaluation is needed and down select in RAN1#89.
The items below require further study

6. Supported rank

a) Up to 2

i. Qualcomm, Samsung
b) Up to 4

i. ZTE

Observation: no converging views, requires further study.
7. Amplitude reporting

a) Alt-1: All amplitude are reported independently

i. Samsung, Ericsson (for subband component, differential), Mediatek (for subband component, differential), [Qualcomm]
b) Alt-2: Common amplitude across polarizations and independent amplitude across layers

i. Mediatek (for wideband component)

c) Alt-3: Independent amplitude across polarizations and common amplitude across layers

i. CATT, [Qualcomm]
d) Alt-4: Common amplitude across polarizations and common amplitude across layers

i. Ericsson (for wideband component)

Observation: no converging views, requires further study.
8. Frequency granularity of amplitude reporting

a) Wideband + subband differential
i. Samsung, Ericsson, LGE (FFS)
b) Wideband

i. LGE, Qualcomm
c) Subband

i. Huawei

Observation: no converging views, requires further study.
9. Multi-panel case

a) Ericsson: Use case for multi-panel Type II CSI feedback is limited

b) ZTE: Use port-grouping based configurable LC codebook
Observation: no converging views, requires further study
10. Payload optimization

a) Uneven bits allocation for phase and/or amplitude

i. Huawei

b) Frequency domain compression of coefficients / frequency-selective feedback

i. Ericsson, LGE
Observation: no converging views, requires further study
11. Reporting optimization
a) Differential CSI reporting

i. Samsung, Qualcomm 

b) UE selected CSI reporting setting of the CSI type (Type I and Type II)

i. NTT DoCoMo
Observation: no converging views, requires further study
Category II

1. Kronecker-product based reconstruction

a) Huawei

2. Orthogonal DFT basis for channel covariance matrix compression

a) Intel

3. Limiting supported maximum number of CSI-RS antenna ports in a single instance reporting

a) LGE

Observation: no converging views, requires further study

Category III

1. Codebook based port combination within a CSI-RS resource and linear combination of inter CSI-RS resources
a) Huawei

2. Consider both Scheme 1 (Class-B-like approach) and Scheme 2 (hybrid CSI based approach)

a) ZTE

Observation: no converging views, requires further study
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