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Introduction
In this contribution, we give a high-level summary of our views on a CSI acquisition framework for NR. We introduce several design principles that we believe achieve a forward compatible and lean design – key goals for NR that have been agreed within RAN1 previously [1]. We elaborate on these views in the companion contributions [2],[3],[4].
[bookmark: _Ref178064866]Discussion
As LTE has evolved, new transmission modes and CSI classes have been added from one release to the next. As of Rel-13, there are now 10 transmission modes and two CSI-RS classes (Class A,B), and each CSI class has multiple subclasses / configurations. Class A has 4 configurations, and Class B has two sub-classes: K = 1 and K > 1.  
Furthermore, the basic functions of CSI-RS configuration, measurement, CSI reporting, and the scheduled multi-antenna scheme are in LTE tightly coupled. For example, for transmit mode 10 (TM10), a UE is configured to measure on at least one CSI-RS/ CSI-IM resource pair, and those resources have a fixed transmission periodicity. 
Whether or not the CSI-RS resources can use measurement restriction to support beamformed CSI-RS is limited (and fixed) by higher layer configuration. Additionally, each CSI-RS resource is associated with a fixed reporting configuration.
[bookmark: _Toc456108998]LTE has multiple transmission modes and multiple CSI classes, subclasses, and configurations
[bookmark: _Toc456108999]In LTE, CSI-RS configuration, CSI measurements, CSI reporting, and the used multi-antenna transmission scheme are tightly coupled with in most cases pre-defined timing relationships.
[bookmark: _GoBack]Due to relaxed backwards compatibility requirements on NR, there is an opportunity to redesign some of the aspects of the LTE CSI framework to achieve key design goals of NR, e.g., forward compatibility and a lean design (minimization of “always-on” signals). One way to enable these goals is to reduce/remove the tight coupling between the basic functions of CSI measurement, CSI reporting, and the multi-antenna transmission scheme as indicated in [2]. The design in NR should from the beginning consider collisions between e.g. CSI-RS and data channels as to be as forward compatible as possible. The fact that LTE is using “always on” and periodic signals that covers the whole bandwidth makes it difficult to introduce new feature in an easy way and creates a lot of headache in LTE design in the later releases. It is required that NR is more flexible in that sense.   
[bookmark: _Toc456109002][bookmark: _Toc456109851]For NR, strive to remove tight coupling (e.g. fixed timing relationships) between CSI-RS transmissions, measurements, CSI reporting, and multi-antenna transmission schemes and consider to support independent scheduling/configuration of  CSI-RS, CSI report and subsequent data transmission 
[image: ]
Figure 1 Reduced coupling of multi-antenna functions in NR
One example use case that could be enabled by decoupling is as follows. The eNB decides dynamically, if it wants explicit or implicit CSI feedback from the UE, and requests feedback of the appropriate form. The UE is then told what codebook (if any) to use in preparing its CSI feedback, and is triggered to measure on a dynamically triggered or time-limited periodic RS transmission. Whether or not the RSs used for CSI acquisition are precoded or not, should be transparent to the UE. What precoding/beamforming the eNB uses should also be transparent, and not tied to a certain transmission mode. Complete decoupling would allow all aspects to be decided dynamically without being explicitly pre-configured.
Some advantages of this reduced coupling are as follows:
· Eases forward compatibility, e.g., it becomes easier to add new enhanced CSI reporting without changing the transmission scheme and introducing new transmission modes
· Allows for covering a larger number of use cases
· Enhances flexibility, e.g., the network can dynamically select the desired combinations of measurement, reporting, and transmission
· Avoids fixed timing relationships between a CSI measurements and a CSI reports

As observed above, the LTE CSI framework is complex with multiple classes, subclasses, and configurations which makes the specification unnecessarily complicated and hard to understand. To simplify discussions and, ultimately, the specification, we propose that a unified CSI framework be designed for NR. This unified framework, which can be controlled and tailored to the current need (e.g. spatial multiplexing, transmit diversity, dynamic point selection) with a few different parameters that could by dynamically indicated, should achieve the desired CSI acquisition functionality for most scenarios, including a range of carrier frequencies and antenna form factors. We elaborate on the basic elements of such a design in the companion contribution [2].
[bookmark: _Toc456109003][bookmark: _Toc456109852]For NR, strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and unnecessary (equally performing) configurations, while still covering a wide variety of use cases. 
As a concrete example from LTE, Class A operation could in principle be covered by Class B, K=1 as both use a single codebook for feedback. Hence, the important parameter seems to be K, which could be a single critical parameter that tailors the unified CSI framework to different use cases. 
As agreed in RAN1, one of the key design goals on NR is to avoid “always on” signals in order to achieve a lean, energy efficient system. As is being discussed for LTE, one step in this direction is dynamic (aperiodic) triggering of CSI measurement and (possibly independent) trigger of a CSI report. To extend this framework further in NR, it should be possible to also trigger RS transmission in both the DL and UL either in a dynamic and/or time-limited periodic fashion. In this way, the RSs are transmitted only when needed and always-on signals are avoided. We elaborate on the basic elements of such a design in the companion contribution [3].
[bookmark: _Toc456109004][bookmark: _Toc456109853]For NR, strive to design a CSI framework, whereby CSI measurement (including CSI-RS and measurement restrictions), CSI reporting, and transmission of the RSs for CSI acquisition are triggered independently in a dynamic (aperiodic) and/or time-limited periodic fashion.
One aspect of the CSI framework for LTE that will also carry-over to NR is the need for managing the RS overhead used for CSI acquisition. For example, for UE specific beamforming with Class B (beamformed) CSI-RS and a large number of UEs, RS overhead and/or RS resource exhaustion can become a problem. To alleviate this issue, we propose designing a framework from the start that allows sharing amongst different UEs of RSs resources drawn from a pre-configured RS resource pool. We elaborate on the basic elements of such proposal in the companion contribution [4].
[bookmark: _Toc456109854]In order to manage RS overhead for CSI reporting in NR, strive to design a framework that allows dynamic RS sharing amongst UEs where the shared RS resources are drawn from a pre-configured pool of RS resources.
Conclusions
In this contribution, we outline several design guidelines for a CSI framework that we believe achieve some of the key design goals of NR such as forward compatibility and lean, energy efficient operation. Furthermore, we suggest designing a framework that offers a considerable simplification/unification compared to the LTE framework whilst still allowing for multiple scenarios and use cases. The importance of managing RS overhead through resource pooling is also highlighted.
1. For NR, strive to remove tight coupling (e.g. fixed timing relationships) between CSI-RS transmissions, measurements, CSI reporting, and multi-antenna transmission schemes and consider to support independent scheduling/configuration of  CSI-RS, CSI report and subsequent data transmission 
For NR, strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and unnecessary (equally performing) configurations, while still covering a wide variety of use cases. 
For NR, strive to design a CSI framework, whereby CSI measurement (including CSI-RS and measurement restrictions), CSI reporting, and transmission of the RSs for CSI acquisition are triggered independently in a dynamic (aperiodic) and/or time-limited periodic fashion.
In order to manage RS overhead for CSI reporting in NR, strive to design a framework that allows dynamic RS sharing amongst UEs where the shared RS resources are drawn from a pre-configured pool of RS resources.
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