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1 Introduction

At the previous meeting [1-2], it is agreed that:

Agreements:

· RAN1 supports aperiodic CSI report on PUSCH, including two cases: 

· Case-1: CSI reports multiplexing with uplink data in PUSCH

· Case-2: CSI reports only in PUSCH (no uplink data)

· Note: how to multiplex UCI with PUSCH is under discussing in UCI multiplexing A.I. 
· FFS: aperiodic CSI report on PUCCH
Agreements:

· Support following features for NR CSI acquisition

· FFS Frequency domain subset restriction

· FFS on number of configurable subsets

· FFS on detailed signaling/configuration

· FFS measurement restriction of interference measurement

· FFS on measurement restriction of channel measurement 

· For time domain, measurement restriction of channel and interference measurement

· CSI reporting via short duration PUCCH

· FFS on detailed setting in CSI reporting setting

· CSI reporting via long duration PUCCH

· FFS on detailed setting in CSI reporting setting

· PUCCH reporting which is contained in a single slot

· FFS on PUCCH reporting which is contained in multiple slots
Agreements:
· Periodic CSI reporting is carried at least on 

· Short PUCCH 

· Long PUCCH

· FFS whether in single-slot only or in multiple slots

Agreements:
· Type I CSI feedback is supported for P/SP/A-CSI and can be carried on either one of PUCCH and PUSCH
· Type I subband CSI can be carried on either one of PUSCH and long PUCCH
· Type II CSI is carried at least on PUSCH
· FFS CSI on PUCCH
In this contribution, we discuss the mapping of codebook parameters in Type II codebook to CSI reporting parameters as well as related encoding methods and time domain behaviors. The discussion about CSI feedback for type I and type II codebook on PUCCH or/and PUSCH will be discussed in our companion contribution [3].
2 CSI parameters for Type II feedback
For type I codebook, it has been agreed to support resource selection indicator (e.g. CRI), RI,PMI and CQI [4].
For type II codebook, in our view, the use case of CRI is still unlear and requires to be further studied. As agreed by Type II codebook, PMI is still required to feedback the channel spatial information of the users, as well as CQI. Rank 1 and 2 are supported for Type II codebook currectly with each layer quantized repectively, then RI is necessary to indicate the roughly feedback payload and coressponding codebook.
Proposal 1: CQI, RI, PMI feedback should be supported at least for type II feedback.
Unconstrained beam selection from orthogonal basis is agreed in the RAN1#89 meeting, but it is still open that how to report the PMIs of multiple beams and three options can be considered:

Alt 1: L PMIs are reported to indicate the L beams selected independently.

Alt 2: L beams are signalled sequential by L PMIs with the dependent relationship as in R14 for the reporting of 2 beams in linear combination codebook.

Alt 3: L beams are jointly signalled (e.g. one PMI to select the L beams from all the possible group of L beams, which has the highest efficiency).
For comparing the signalling overhead, we can easily obtain:
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where N denotes the beams number within each orthogonal subset and L denotes the beams number for linear combination. Then it is easy to prove that overhead can be reduced by Alt 3, compared with Alt 1 and Alt 2. 
One potential benefits of Alt 1 and 2 is that beam ordering can be indicated by the ordering of L PMIs, which can be further studied to improve the performance in some cases.
Proposal 2: L beam selection is jointly signalled for type II feedback.

Actually, L beams are chosen from an orthogonal subset of whole candidate beams, and the following information are required to be signalled for beam indication:
· The orthogonal subset where L beams located in, which be indicated by rotation factors pair, e.g. (q1, q2)
· The indexes of L beams within the orthogonal subset, which can be indicated by an index, e,g. m.
The beam indication of L beams can thus be denoted by the indices i11, which includes {q1, q2, m}.
Wideband amplitude and index of “leading coefficient” for each layer are also included in the wideband feedback, which can be denoted by the indices i12, which includes RPI (relative power indicator) and LCI (leading coefficient indicator). 
Subband amplitude and subband phase for each layer are reported on subband, which can denoted by the indices {i21, i22}.
3 Encoding of Type II CSI parameters

Type II CSI parameters encoding method were discussed in the last meeting to reduce the PMI reporting overhead when some wideband amplitudes are zeroes. Some proposals were raised striving to make the network aware of the payload size, so that blind detection is not needed. 
For example, it was proposed that the Type II CSI parameters are split up into three independently encoded parts, where the first part has fixed payload size. Based on the detection of the first part, the network can aware the existence and payload size of other two parts. However, to guarantee the correct detection probability, the first two parts need to be over protected, e.g., with a lower encoding rate, which will lead to higher resource consumption. Taking into account the occupied resource for the first two parts, it is questionable that how much resource for SB coefficients can be saved encoding with multiple parts.
Therefore, two encoded parts for Type II CSI parameters are proposed, which means only incremental resource for the first part is needed. To minimize the incremental resource for the first part, the payload of the first part should be as small as possible. In our view, to indicated the payload size of the second part, only RI and the number of zero wideband amplitudes (
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) should be included in the first part. Specifically, 
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 is the number of zero wideband amplitude of one layer for RI=1 or of two layers for RI=2. Since the number of bits to indicate 
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 is smaller (4/6 bits for L=2/4), and can further be reduced if joint indication is applied to RI and 
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 (5/7 bits to represent the first part for L=2/4).

Proposal 3: For Type II CSI reporting, joint indication of RI and 
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is supported, where 
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is the total number of zero wideband amplitudes within the reported layers.
Thus, Type II CSI parameters can be split up into the following two parts in our view: 
· {RI, 
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} which has fixed payload and can be encoded with a low rate to provide a high reliability.
· {PMI, CQI}.

This method can be applied to aperiodic Type II reporting on PUSCH, and even to aperiodic Type II reporting on PUCCH if supported.

Proposal 4: Support two parameters sets for Type II CSI reporting: {RI, 
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} and {PMI, CQI}, where two parts are independently encoded and the parameters of each part is jointly encoded.
4 Time domain behavior for Type II feedback

According to the agreed codebook, the overhead for type II feedback would achieve hundreds of bits. Take the case of L=4 and rank 2 as an example, the overhead would up to more than 500 bits. Therefore it is highly necessary to reduce the overhead reported within each slot to fulfil the potential capacity limitation of PMI payload. 
Actually, PMIs can be reported in multiple slots as discussed in [5], and the feedback overhead for each slot would be considerable small. A little concern about the differential CSI reporting is the time-varying CSI of the UE. With the differential CSI reporting, the multiple beams required to be reported on N slots are preconfigured at the beginning of the N slots. An exception case is that if the CSI of the UE changes within the N slots, and the most significant beams to represent CSI would change accordingly, then it is unnecessary to report the remaining beams. 

Actually, the beams of certain UE can be divided into multiple levels, in which some beams can be reported to feedback the coarse CSI and the other beams can be reported to be the complementarity to the coarse CSI. Take an example, for the case of L=4, coarse CSI feedback is to report 2 beams with larger wideband amplitude while the complementary CSI is to report the remaining 2 beams. However, in this case, an indicator should be reported to tell network that UE is reporting the initial coarse CSI or complementary CSI. Therefore, dependency would be exist in the multiple slots for the CSI reporting of each layer. 
Proposal 5: Dependence between multiple CSI reporting slots should be supported.
5 Conclusions
In this contribution, we discuss the CSI feedback for type II codebook and have the following proposals:
Proposal 1: CQI, RI, PMI feedback should be supported at least for type II feedback.
Proposal 2: L beam selection is jointly signalled for type II feedback.

Proposal 3: For Type II CSI reporting, joint indication of RI and 
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is supported, where 
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is the total number of zero wideband amplitudes within the reported layers.
Proposal 4: Support two parameters sets for Type II CSI reporting: {RI,
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} and {PMI, CQI}, where two parts are independently encoded and the parameters of each part is jointly encoded.

Proposal 5: Dependence between multiple CSI reporting slots should be supported.
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