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Introduction
In RAN1#89, detailed descriptions of the codebooks for Type I and Type II CSI reporting was agreed:
Agreements:
· For Type I feedback, NR supports at least the following (DL) CSI reporting parameters
· Resource selection indicator (Examples for further study are reference signal resource, port, reference signal sequence, beam)
· RI (rank indicator)
· PMI (precoding matrix indicator)
· Channel quality feedback

Agreements:
· For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported 
· FFS the applicability to CSI acquisition/beam management

Agreements:
· Slides 4 to 24 in R1-1709232 are agreed
· For slide 20, FFS whether or not support frequency-dependent parameterization and if so, the details
· FFS whether or not to further enhance analog beamforming related operations especially for >1 layers
Agreements:
· At least for full channel reciprocity, support at least the following CSI acquisition scheme based on channel reciprocity in NR 
· Non-PMI feedback
· CSI contains RI and CQI
Agreements:
· At least some combination(s) of the CSI parameters (e.g., CRI, RI, PMI, CQI, etc.) can be configured to be omitted from reporting within a CSI reporting setting
· FFS details 
· 
In our companion contribution [1], we discuss our view on the general principles of CSI reporting for NR. In this contribution, we discuss how the codebook parameters can be mapped to CSI parameters and how CSI parameters can be encoded for CSI reporting.
Type I codebook parameters
Type I single-panel codebooks are similar to the LTE Rel-14 codebooks and the codebook parameters can be defined in a similar fashion, but perhaps with some slight differences. That is, the PMI consists of a first PMI index   and a second PMI index , where the second PMI index can be reported per subband. The first PMI index  is in turn comprised by , which can be seen as indicating a DFT beam in the first and second dimension. For rank-1, it is straightforward to map the codebook indices to precoders. For rank-2 and ranks 3&4 (for the number of antenna ports ), an orthogonal beam offset applied to some of the layers can be selected on a wideband basis, requiring an indication using at most 2 bits (depending on the port layout). This indication could either be separately encoded as its own sub-PMI index , so that corresponds to the triplet , or, the offset could be jointly encoded with the first DFT beam index in , for example as , following the LTE approach. Similarly, for the rank 3&4 codebooks for  antenna ports, an inter-group cophasing factor   is selected on a WB basis, also using 2 bits. This again could be a separate sub-PMI index comprised in  or jointly encoded with .
The Type I multi-panel codebooks in turn contain inter-panel cophasing factors, which can be either wideband or subband. The subband inter-panel co-phasing factors are naturally jointly encoded in  together with the polarization co-phasing factors. The wideband inter-panel cophasing factors could on the other hand be encoded as a separate sub-PMI index, in this case,  can be represented by the triplet , where  are the same as the corresponding single-panel L=1 codebook indices (as the SP codebook is applied on each panel) and  corresponds to the WB inter-panel cophasing factor. 
In order to achieve some similarity between single- and multi-panel PMI indices, we propose the following. 
[bookmark: _Toc485230110][bookmark: _Toc485291708][bookmark: _Toc485416934][bookmark: _Toc490135163][bookmark: _Toc490220171]For Type I CSI reporting, PMI consist of
· [bookmark: _Toc485291709][bookmark: _Toc485416935][bookmark: _Toc490135164][bookmark: _Toc490220172]For single-panel codebooks ranks 1,5-8:
· [bookmark: _Toc485291710][bookmark: _Toc485416936][bookmark: _Toc490135165][bookmark: _Toc490220173]Wideband  index comprising the pair 
· [bookmark: _Toc485291711][bookmark: _Toc485416937][bookmark: _Toc490135166][bookmark: _Toc490220174]Subband  index representing polarization/panel/group cophasing and/or SB beam selection
· [bookmark: _Toc485230111][bookmark: _Toc485291712][bookmark: _Toc485416938][bookmark: _Toc490135167][bookmark: _Toc490220175]For single-panel codebooks ranks 2-4 and multi-panel codebooks:
· [bookmark: _Toc485291713][bookmark: _Toc485416939][bookmark: _Toc490135168][bookmark: _Toc490220176]Wideband  index comprising the triplet , where  represents inter-panel/group cophasing or orthogonal beam offset
· [bookmark: _Toc485291714][bookmark: _Toc485416940][bookmark: _Toc490135169][bookmark: _Toc490220177]Subband  index representing polarization/panel/group cophasing and/or SB beam selection


Type II codebook parameters
First, the CSI parameters for Type II CSI need to be clarified as only PMI has so far been agreed. In our view, CRI reporting is not needed for Type II and thus only CQI, PMI and RI need to be reported.
[bookmark: _Toc485291715][bookmark: _Toc485416941][bookmark: _Toc490135170][bookmark: _Toc490220178]Type II CSI parameters consist of CQI, PMI and RI
For Type II CSI, additional PMI indices need to be defined. The wideband part of the PMI report consists of beam selection and WB amplitude. The beam selection is most efficiently expressed as 
· a set of rotation factors  and 
· a selection of  orthogonal beams
· 
which may be encoded as a combinatorial index  where  are (sorted) orthogonal beam indices (where the corresponding oversampled DFT beam indices )  and  is the extended binomial coefficient
The beam selection indication can thus be encoded in a first set of PMI parameters  consisting of the indices .
The wideband amplitude needs to be encoded separately per layer as the WB power of a second layer is not present if RI=1 and consists of   WB power amplitude coefficients “” and an  bit “strongest coefficient indicator”, SCI. The WB power can thus be encoded in two additional sets of PMI parameters and  for the first ans second layer respectively, where  (“relative power indicator”) includes 
The subband part of the PMI report contains subband cophasing and subband differential amplitude coefficients (if configured) and must also be encoded separately per layer as the coefficients for the second layer are not present if the RI=1. Denoting the subband PMI parameters as  and  for the first and second layer respectively, can thus be comprised of a “subband relative power indicator”, SRPI, and “subband phase indicator”, SPI. 
[bookmark: _Toc485291716][bookmark: _Toc485416942][bookmark: _Toc490135171][bookmark: _Toc490220179]For Type II CSI reporting, PMI consist of
· [bookmark: _Toc485291717][bookmark: _Toc485416943][bookmark: _Toc490135172][bookmark: _Toc490220180]Wideband  index indicating beam selection, comprising the triplet 
· [bookmark: _Toc485291718][bookmark: _Toc485416944][bookmark: _Toc490135173][bookmark: _Toc490220181]Wideband  and  indicating beam amplitude for each layer
· [bookmark: _Toc485291719][bookmark: _Toc485416945][bookmark: _Toc490135174][bookmark: _Toc490220182]Subband  and indices indicating subband amplitude and phase coefficients


According to the codebook agreements, the PMI payload associated with  can vary and depends on , as subband coefficients corresponding to WB amplitude coefficients where  shall not be reported. It could also be possible to adjust the payload of  depending on the  and  so that a smaller number of beams than L are indicated. However,  payload is relatively small, and a total of four amplitude coefficients would have to be reported as zero in case of rank-2 (both polarizations and layers of a beam) for the payload of  to change, and this would also mean that  and  cannot be jointly encoded.
Thus, as the PMI payload depends on both RI and RPI, it must be divided into several parts which are independently encoded. This could be done for instance as:
· A first set of PMI parameters contain {, ,CQI, RI}
· A second set of PMI parameters contain , (payload size depends on RI in the first set)
· A third set of PMI parameters contain ,, (payload size depends on ,  and RI in the first and second set)
[bookmark: _Toc490248136]As Type II PMI payload size depends on both RI and RPI, the PMI report must be divided in at least three PMI parameter sets, where each set can be jointly encoded
 Note that all PMI parameter sets of course shall be multiplexed on the same PUSCH transmission.

On encoding of Type I CSI parameters on PUCCH
As observed in [2], the size of CQI and PMI fields depends on the reported RI. Thus, if PMI/CQI/RI/CRI are all reported in a single-slot PUCCH report (as we propose in [1]) and a single channel coding block is used, payload ambiguity needs to be resolved. If maximum rank-4 is supported for periodic reporting on PUCCH (as is also proposed in [1]), only single CQI is needed and thus CQI field size will not depend on RI, which partially solves the problem. The remaining ambiguity can then be solved by jointly encoding RI and PMI, so that a payload size of  is always used independent of RI.
Another approach is to use separate channel coding blocks for RI and PMI/CQI and concatenate the encoded output bits. Since RI payload is known, it can be decoded in a first step, informing the UE about the payload size of the variably-sized PMI/CQI fields which may then be decoded in a second step. However, this approach may result in reduced coding gain. We therefore propose:
[bookmark: _Toc490135175][bookmark: _Toc490220183]CSI reporting for PUCCH uses single channel coding block. RI and PMI are jointly encoded in a single field to solve payload ambiguity.
On split PUCCH / PUSCH reporting for Type II CSI
As payload size for a Type II report can vary depending on RI and RPI, one issue is how to dimension the PUSCH allocation to fit the CSI report. Without prior information, the PUSCH allocation in case of UCI only PUSCH would have to be set assuming RI=2 is selected and that no RPI, i.e. possibly over-dimensioning the allocation. In [3], one proposal to solve this issue is to split the Type II report so that the parameters defining the payload size (RI, ) is transmitted on PUCCH in a first step and the remaining parameters are transmitted on PUSCH in a second step. Based on reception of PUCCH, the payload size of remining Type II PMI is known and PUSCH allocation can be appropriately dimensioned. 
However, PUSCH allocation is given in UL-related DCI containing CSI request, so the PUCCH would have to be received before triggering the CSI request, which means that either the PUCCH transmission of a previously triggered report would have to be used, or, the PUCCH and PUSCH reports are independently triggered. In the former case, it is unnecessary to split up the CSI on PUCCH and PUSCH, as the gNB would have received the previous PUSCH report and can use the reported RI/RPI in that report to dimension the UL grant and it furthermore have to assume that the RI/RPI do not change between reports. In the latter case, as the reports are independently triggered, there is again no guarantee that the PMI payload size indicated in the PUCCH report will correspond to that in the later PUSCH report. 
Thus, we observe that dimensioning UL grant for PUSCH containing Type II PMI based on RI/RPI in previously received report may work sufficiently well and it is not clear that split PUCCH / PUSCH reporting can bring additional benefit, but the issue can be studied further.
[bookmark: _Toc490248137]Resource allocation for PUSCH containing Type II PMI can be based on RI/RPI in previously received Type II report
On omitting CSI parameters
According to a prior agreement, at least some combinations of CSI parameters (e.g. RI, PMI, CQI, CRI) can be configured to be omitted from reporting within a CSI reporting setting. As non-PMI feedback is supported, this agreement has been fulfilled and it is unclear if any other combinations of CSI parameters should be allowed to be omitted. The use case for omitting some CSI parameters could for instance be in hybrid reporting where a (partial) PMI could be reported without e.g. CQI. However, in our view, the overhead saving from omitting some CSI parameters is generally quite small while it complicates the CSI feedback design. 

[bookmark: _Toc485417252][bookmark: _Toc490248138]Unclear if any other combinations of CSI parameters other than the already agreed non-PMI feedback needs to be supported

Conclusions
In this contribution, we have discussed the encoding of CSI parameters for Type I and Type II CSI feedback, we have made the following observations and proposals:
Observation 1	As Type II PMI payload size depends on both RI and RPI, the PMI report must be divided in at least three PMI parameter sets, where each set can be jointly encoded
Observation 2	Resource allocation for PUSCH containing Type II PMI can be based on RI/RPI in previously received Type II report
Observation 3	Unclear if any other combinations of CSI parameters other than the already agreed non-PMI feedback needs to be supported

Proposal 1	For Type I CSI reporting, PMI consist of
	For single-panel codebooks ranks 1,5-8:
	Wideband  index comprising the pair 
	Subband  index representing polarization/panel/group cophasing and/or SB beam selection
	For single-panel codebooks ranks 2-4 and multi-panel codebooks:
	Wideband  index comprising the triplet , where  represents inter-panel/group cophasing or orthogonal beam offset
	Subband  index representing polarization/panel/group cophasing and/or SB beam selection
Proposal 2	Type II CSI parameters consist of CQI, PMI and RI
Proposal 3	For Type II CSI reporting, PMI consist of
	Wideband  index indicating beam selection, comprising the triplet 
	Wideband  and  indicating beam amplitude for each layer
	Subband  and indices indicating subband amplitude and phase coefficients
Proposal 4	CSI reporting for PUCCH uses single channel coding block. RI and PMI are jointly encoded in a single field to solve payload ambiguity.
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