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Introduction
In RAN1#86, a set of agreement were made and relevant for this contribution, we highlight the following selected agreements:
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)
· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling
· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control
· The implicit CSI feedback methods should be studied in NR
· Codebook design
· Interference measurement based on interference measurement resource which could be one or more of the following options
· ZP CSI-RS (if supported)
· NZP CSI-RS (if supported)
· DMRS (if supported)
· Other resources are not precluded
· CSI feedback based on DMRS (if supported)


In this contribution we discuss details on how to obtain a unified CSI framework.
[bookmark: _Ref178064866]Discussion on implicit feedback
This section generalizes the implicit feedback framework as in LTE by introducing port combining and port selection terminology. 
Note that we introduce the terms and operations “port combining” and “port selection” in a way to unify the NR CSI feedback framework to cover a wide variety of use cases. The LTE Class A codebook is a port combining codebook since it combines (by recommended phase shifts) the measured CSI-RS ports into R ports where R is the preferred rank. Typically, R is smaller than the total number of measured ports. The LTE Class B feedback is using port selection plus port combination as the UE autonomously selects a subset of the total number of measured ports and perform port combination of these selected ports into R ports to report CSI for those only. 
Port combining 
The port combining codebook is discussed in [1] and the main proposals are:
[bookmark: _Toc462990160]The Rel.13/14 LTE Class A Configuration 1 scalable codebook with all the port layouts supported in LTE is used as the port combining codebook for NR
[bookmark: _Toc462990161]Extend the port combining codebook for NR (as proposed above) to 2,4,8 ports as to provide a complete port combining codebook for NR with support of 2,4,8,12,16,20,24,28 and 32 ports with both 1D and 2D port layouts
[bookmark: _Toc462990162]We will not discuss port combining further in this contribution, but observe that the port combining codebook can be used together with port selection to cover the different use cases. Extension to more than 32 ports can also be considered.
Port selection
The codebook described in the previous section combines all the measured antenna ports by combination, i.e. co-phasing operations. This is typically used for non-precoded CSI-RS while for beamformed CSI-RS, port selection is first used (denoted Class B in LTE). Port selection means that the UE may select a subset of all the CSI-RS ports it measures and feeds back some PMI and CSI for the selected port subset. 
In LTE, Class B K>1 is used to select between CSI-RS resources and Class B K =1 is used to select ports within one CSI-RS resource. This can be generalized into a port selection framework where a group of CSI-RS resource elements (i.e. a group of ports) are defined [2] and ports are selected among all the ports in the group. 
LTE Class B operation can be generalized as a port selection operation prior to port combination of selected ports
Moreover, in one configuration of the unified framework, the UE will be configured to use a codebook for C ports (where C ports is used per beam) and an associated port layout. 
If the UE selects a rank R larger than C (i.e more than one beam), then independent port combination using the C-port codebook will be used for each group/beam of C ports while the CQI is computed across the selected group of C ports. This approach used in LTE Class B, K=1 feedback, where C=2 port codebook defined in the previous section is used and the UE can select a rank larger than C, in which case it reports the PMI per selected port pair. (That is co-phasing with the polarization of each beam). 
This configuration can also be used for distributed MIMO (D-MIMO) where each group of C ports is transmitted from a different TRP. The difference to Class B,K=1 operation may be that in this case, there is one CQI per group of C ports/beam/TRP.
[image: ]
Figure 1 Example when the UE is configured to measure N>2 CSI-RS ports and is configured with a codebook of C=2 ports. If the UE support R>2, it can select multiple 2 port CSI-RS resources and compute CQI jointly for these. This resembles class B, K=1 operation in LTE and can also be used to support D-MIMO or hybrid digital/analog beamforming at higher carrier frequencies.

In another configuration, if the UE selects a rank R smaller or equal to C, then port combination among the selected ports are used, using the unified codebook defined in the previous section. Hence, this corresponds to the type of CSI feedback used for LTE Class B, K>1. In LTE, this feedback mode is associated for wideband CSI-RS resource selection and typically long periodicity for CRI. In NR, we aim for a decoupled CSI framework so the CSI report configuration is decoupled from the CSI measurement, hence the port selection framework described here does not necessarily be coupled to wideband/long term CRI feedback.
[image: ]
Figure 2 Example when the UE is configured to measure N>4 CSI-RS ports and is configured with a codebook of C=4 ports. If the UE support at most R=C=4, then his resembles class B, K>1 operation in LTE and can also be used to support dynamic point selection.

In a third case, the codebook size C equals the size of the CSI-RS resource N, and then the port combination across all ports is used using the codebook defined in the previous section, i.e. LTE Class A operation.
LTE Class A operation corresponds to the port selection case when all ports are selected
[image: ]
Figure 3 Example when the UE is configured to measure N CSI-RS ports and is configured with a codebook of C=N ports. This resembles class A operation in LTE.
A unified framework for CSI reporting
The aim as agreed in the previous meeting was to design a unified framework for CSI reporting. We observe that port selection complemented by a configured codebook, QCL assumptions and whether UE shall report one or multiple CQI/RI/PMI provides necessary tools to support a wide range of different use cases. 
[bookmark: _Toc462990163]In a unified CSI reporting framework for implicit CSI feedback, the CSI report is associated with
· A measurement of N-port CSI-RS 
· A port combining codebook of C ports
· A configuration on how to compute CQI
· Applicable QCL assumptions

This proposal together with the “rules” on how the UE shall behave when C<N or if the selected rank R>C as discussed in the previous section provides a simple framework for NR that covers not only the LTE configurations but also the new use cases with D-MIMO and beam management as seen below. Further studies are needed, e.g. on QCL framework to accompany this. 
Port selection is introduced by specifying how the UE shall behave when the port combining codebook is smaller than the set or measured port (C<N) or if the selected rank R has more ports than the used codebook (R>C)
Hence, port selection operation does not necessarily use a codebook (matrix) description in the specifications. 
Note that this framework is agnostic to carrier frequency and at higher frequencies with analog beamforming implementation, dual polarized beams are typically used at the TRP panel and C=2 port codebooks per beam can be configured while the total configured resource uses N>C ports. 
Extending to hybrid analog/digital operation
If hybrid analog/digital (A/D) beamforming is used, then combination of channel estimates across antenna panels is needed.  In this case a C port codebook can be configured (per panel), where typically C=2 and where N>C. In this case, port selection is not used, instead port combining across all N CSI-RS ports is needed.  An efficient way to achieve this is to maintain the groups of C ports (i.e. per panel) and combine these with an outer codebook. Hence, a combining outer codebook for hybrid A/D operation could need to be designed, which is “unstructured” or “isotropic” since the effective channels measured from each panel is already beamformed. This is therefore an add-on to the unified framework above and needs further study.
[bookmark: _Toc462990164]Study further how to support hybrid analog/digital beamforming, including the case of using an “isotropic” outer codebook to combine multiple measurements of C port resources where C=2 typically.
Extending to beam management
Moreover, this CSI framework can also be used for beam management. If the port combining codebook is smaller than the set or measured ports (C<N), but port selection is not used, then the UE will report CSI report for each of the group of C ports. This is used to for DL beam selection in beam management since for that purpose, the network would like the UE to report CSI or RSRP for all the beams in the beam sweep (not only for one as in LTE Class B operation).
Measurements for beam management can be obtained under the proposed framework when the port combining codebook is smaller than the set or measured port (C<N) and port selection is not enabled, i.e. the UE reports CSI for each group of C ports.

An example of using the unified CSI framework for beam reporting is illustrated below. 
[image: ]
Figure 4 In a measurement used to support beam management, the number of ports N is larger than the codebook size (C=2 ports) but no port selection is used, the UE report measurement for all N/2 port pairs. 
Extending to explicit channel feedback
Explicit channel feedback is similar to hybrid A/D feedback or the full port combining is used but with higher granularity. It is possible to extend the current framework to support explicit channel feedback. 
Extending to hybrid reporting modes
In LTE Rel.14, hybrid CSI reporting modes are being discussed using a combination of port selection and port combining. This can be further discussed in NR, but as we see it, this is more about defining and configuring the CSI report and omitting unnecessary information (e.g. W2). The support of hybrid operation can be further discussed when the basic building blocks has been agreed. 
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	The Rel.13/14 LTE Class A Configuration 1 scalable codebook with all the port layouts supported in LTE is used as the port combining codebook for NR
Proposal 2	Extend the port combining codebook for NR (as proposed above) to 2,4,8 ports as to provide a complete port combining codebook for NR with support of 2,4,8,12,16,20,24,28 and 32 ports with both 1D and 2D port layouts
Proposal 3	In a unified CSI reporting framework for implicit CSI feedback, the CSI report is associated with
Proposal 4	Study further how to support hybrid analog/digital beamforming, including the case of using an “isotropic” outer codebook to combine multiple measurements of C port resources where C=2 typically.
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