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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


In this contribution, we give an overview of the CSI acquisition framework.
[bookmark: _Ref178064866]Discussion on phase 1 prioritization
We observe that there are several CSI feedback components being discussed. Some of them are required to establish basic MIMO functionality while others are enhancements to boost the performance at the cost of additional complexity and/or overhead. It is important to ensure that the essential CSI feedback components are in place in the Phase 1 WI of NR, hence some prioritization is useful
The implicit CSI feedback framework as is used in LTE, is a robust feedback mode and provides good performance to support link adaptation for single user MIMO scheduling. It does not require channel reciprocity nor TX/RX calibration. 
The new RAT spans a much larger range of frequency bands compared to LTE and its capabilities could be seen a superset of LTE capabilities which operates below 6 GHz and with digital antenna front ends. For LTE, CSI feedback with up to 32 antenna ports is specified in Rel.14 with a very flexible antenna port layout design covering both one dimensional and two-dimensional port layouts. The purpose of this flexible design is to give freedom in implementation of advanced antenna front ends, since the number of ports influences the size, number of radio chains, power consumption, etc. Also, which port layout to use depends also on the typical UE distribution in the cell, and it has been shown several times  that the horizontal one-dimensional port layout is superior when the UEs are mainly distributed horizontally as in the urban macro cell.  
As an operator could choose to deploy NR in typical LTE frequency bands, duplex method and with typical LTE antennas, it is important that NR at least have the same MIMO functionalities as LTE. It may even be so that an operator migrates LTE to NR at some point, without replacing the antenna front end.   
[bookmark: _Toc462986604]NR should support at least the same MIMO capabilities and thus CSI feedback port layout capabilities as LTE
Hence, in our view the implicit CSI feedback framework as in LTE Class A with up to 32 ports should be the foundation of the CSI feedback framework for NR specifications. Beam selection as in LTE Class B is actually port selection that is performed prior to the use of a port combining codebook. So in that sense, Class B is an add-on to Class A type of operation. 
To be more specific regarding codebooks, we propose 
[bookmark: _Toc462986605]The implicit CSI framework using a scalable codebook supporting at least 2,4,8,12,16,20,24,28 and 32 ports with both 1D and 2D port layouts is supported in NR
In [1] we discuss further details of this codebook, it is mainly based on adopting the Rel.14 LTE codebook. In our view, port selection as used in LTE Class B operation should also be supported as part of the unified framework, see [2] for this discussion. 
There is an ongoing discussion in LTE on explicit CSI feedback including high resolution channel feedback or analog feedback. We don’t see these as crucial to support in Phase 1 WI of NR where basic MIMO functionality first needs to be established, but as the discussion is already ongoing in LTE Rel.14 the work in NR SI could take place in parallel and adopt observations in LTE if applicable to NR. 
[bookmark: _Toc462986588]For explicit channel and advanced CSI feedback, NR SI should as much as possible harmonize with LTE Rel.14 MIMO discussions

Reciprocity based operation should be prioritized in Phase 1, hence focus should be on SRS design and related interference measurements to support this. 
Beam management can be framed under the CSI framework. We suggest to use CSI-RS as reference signals for beam management. With decoupling of CSI-RS resource configuration and CSI reporting, the beam management is simply a different type of CSI report while the CSI-RS configuration may be the same. 
A unified CSI framework
We discuss details of the unified CSI framework in [2] but this section summarizes our design:
· Decouple CSI report and CSI-RS configuration/triggering 
· The need for a “CSI process” is thus not needed in NR
· Modularize the CSI-RS resource into smaller pieces “CSI-RS element” of C=2 ports each
· Allows for flexible CSI-RS pooling 
· Allows for scalable design supporting N=2n, n=1,2,3,4,5,6,… CSI-RS ports
· Specify a port combination codebook for up to C=32 CSI-RS ports
· Covering at least the same #ports and port layouts as “LTE Class A”
· Introduce port selection as and add on to port combination, to generalize “LTE Class B” operation
· Can be used to support D-MIMO, CoMP together with QCL framework
· Study an outer codebook to support hybrid analog/digital beamforming
· Possibly “isotropic” character of the codebook
· Can be used to support multi-panel transmission and JT CoMP
· Beam management is handled within the CSI framework
· Extend to multiple CSI/RSRP per report
So the basic principles to achieve a unified CSI feedback concept that covers a wide range of different use cases can be described as follows; the UE is configured or triggered to measure N CSI-RS ports, use a port selection of X port out of N and then use a C port codebook for port combining. The port combining results in R ports where R is the preferred rank. The feedback from the UE thus contains its port selection decision (e.g. CRI), its port combining selection (PMI) and rank R plus the associated CQI.  See Figure 1 below for the flow diagram.
· If there is no port selection and 
· UE combines ports into R ports, then LTE Class A is obtained.
· UE reports CSI per group of C=2 ports, this can be used for beam sweeping (one CSI per beam)
· If there is a port selection of X=C ports out of N where N=KC and UE combines the C ports in to R, then LTE Class B, K>1 is obtained 
· If there is port selection of X ports, but used codebook is C=2 and UE computes CSI based on R ports, then LTE Class B, K=1 type of CSI feedback is obtained. 

[bookmark: _GoBack][image: ]
Figure 1 Unified CSI feedback concept to cover a wide range of use cases for CSI feedback, consists of a port selection step and a port combining step (in its most general formulation). 
More details of the unified CSI framework is given in [2]
Conclusions
In this contribution we made the following observations 
Observation 1	For explicit channel and advanced CSI feedback, NR SI should as much as possible harmonize with LTE Rel.14 MIMO discussions

Based on the discussion in this contribution we propose the following 
Proposal 1	NR should support at least the same MIMO capabilities and thus CSI feedback port layout capabilities as LTE
Proposal 2	The implicit CSI framework using a scalable codebook supporting at least 2,4,8,12,16,20,24,28 and 32 ports with both 1D and 2D port layouts is supported in NR

[bookmark: _In-sequence_SDU_delivery]References
R1-1609762, “Port combining codebook for NR”, Ericsson
R1-1609761,”Details of the unified CSI feedback framework for NR”, Ericsson
	4/4	
image1.png
N PORTS PORT X PORTS PO RT
C—> | SELECTION > | COMBINING

(CODEBOOK)

U

R= RANK
PORTS





