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Discussion and Decision
1
Introduction
During the previous RAN1 meeting, the following has been agreed:

· Support at least one of the following schemes for CSI reporting:
· Scheme 1: periodic CSI reporting analogous to LTE
· Scheme 2: semi-persistent CSI reporting (e.g. activate/release mechanism analogous to LTE SPS)
· Scheme 3: aperiodic CSI reporting 
· FFS: Possible signaling support   
· Strive to design NR periodic, semi-persistent, and/or aperiodic CSI reporting, considering at least following aspects
· UL coverage
· Required RS
· Reporting information type
· Forward compatibility
· Energy efficiency
· RS and CSI reporting overhead
· Study whether to avoid specifying dependency between CSI reports in different reporting instances 
· Such dependencies, if any, can be different for periodic, semi-persistent, and/or aperiodic CSI reporting
The CSI reporting is linked with the way in which the CSI measurements are configured and naturally with the corresponding RS. In this contribution we discuss aspects related to the above agreements. 
2
CSI components
Before we address the issues of how CSI is reported, it is important to understand the CSI components which need to be reported. As a first design principle, similar as in LTE we believe that:
Proposal 1: The time and frequency resources that can be used by the UE to report CSI are controlled by the BS.
2.1 Basic CSI components

The basic building blocks characterizing the CSI are described by the Channel Quality Indicator (CQI), Precoding Matrix Indicator (PMI), Rank indicator (RI). 
Additional CSI components are facilitating the system operation when large arrays are utilized. In LTE, CSI-RS resource indicator (CRI) is utilized in order to find the best CSI-RS resource if more than one are configured for a CSI process. Such operation is very similar to the best beam identification which needs to be performed in multi-beam operation of NR. What is understood as CRI in LTE, mostly corresponds to Beam Index (BI) in NR. The measurements on which BI is computed are an open topic in NR, being CSI-RS or beam reference symbols (BRS). Nevertheless, single beam/CSI-RS components needs to be defined in NR and this would cover below and above 6GHz operation.  Duplication of functionality should be avoided in NR when it comes to the beam/CSI-RS resource operation. 
Proposal 2: Avoid the duplication of functionality for beam index computation, utilizing a single type of RS in both below and above 6GHz.
Proposal 3: Support the basic CSI components of CSI, PMI, RI, BI.

2.2 Advanced CSI components

By advanced CSI we refer here to explicit feedback and advanced ways of interference measurement. In explicit feedback, the goal would be to report a description of the channel as seen by the UE, this being possible in a form of: covariance matrix of the channel, eigen-decomposition of the channel, quantized versions of the channel or OF the principal eigenvectors. Explicit feedback was thought to improve the MU MIMO performance, as the transmitter would have full channel matrix available for performing the UE pairing. On the other hand there are a few disadvantages for explicit feedback. RAN4 testability was always an issues, ensuring a correct UE behaviour being still unclear how it can be achieved. In addition, since receive processing is not taken into account in explicit feedback, ensuring efficient link adaptation is an open question.
The reporting mechanisms needed for explicit feedback could reuse the operation envisioned for implicit feedback. However, changes are likely to be required as for example the double codebook feedback operation implies already a way of separating the channel characteristics into long and short term components, something which maybe be the same or different for explicit feedback. Overall, we believe that explicit feedback requires both in-depth investigations on the detailed operation as such and has implications on CSI feedback reporting.
Proposal 4: Focus on supporting feedback mechanisms for basic CSI components of CSI, PMI RI, BI.

Another advanced CSI components related to interference measurements [1]. In a companion contribution we elaborate on the usefulness for obtaining the Dominant Interference Estimation (DIR) at the BS. Indeed, information about the dominant interferer is an important enabler of advanced receivers, such as E-LMMSE IRC. DIR information at the BS would allow the network the possibility to perform more advanced coordination, such as rank coordination [2] and other forms of CSI components coordination. The DIR feedback may be performed in quantized form similar to the CQI, called here for simplicity as interference quality indicator (IQI).
Proposal 5: Consider the support of interference quality indicator as a basic CSI component.
Codebook subset restriction is a useful mechanism used to have a more focused operation when implicit feedback is used, being an important tool used to control the UL overhead. If implicit feedback is going to be supported in NR, codebook subset restriction should be supported as well.

Proposal 6: Support codebook subset restriction.
3
CSI reporting
The pledge taken during the previous meeting was to support at please one of the following CSI reporting modes: 

· Scheme 1: periodic CSI reporting analogous to LTE

· Scheme 2: semi-persistent CSI reporting (e.g. activate/release mechanism analogous to LTE SPS)

· Scheme 3: aperiodic CSI reporting 

· FFS: Possible signaling support   
NR is striving to support several types of verticals which have quite different requirements and hence needs in terms of CSI feedback. Ultra-reliable communications (URC) puts accent on reliability of feedback and DL transmission. Low latency communications (LLC) would benefit from fast CSI feedback while eMBB targets peak throughput performance hence exploring also fully the spatial domain. 

The main design principles need to target the CSI reporting providing NR coverage, and hence with limited payloads (wideband), sub-band operation delivering in scenarios with frequency selective scheduling possibilities. 
Proposal 7: NR CSI feedback reporting strives for system coverage (wideband reporting) and frequency selective gains (sub-band reporting.)

3.1 Aperiodic CSI reporting
Aperiodic CSI reporting is a versatile way of conveying (larger amounts of) CSI feedback to the BS. In LTE, the aperiodic CSI reporting is done on PUSCH and hence has the capability of delivering larger amounts of CSI feedback. From a latency perspective, LLC would benefit from such operation, allowing the BS the possibility to request CSI feedback whenever traffic demands are needed. The aperiodic feedback is linked to the aperiodic RS transmission but may be triggered also if periodic RS are transmitted. In terms of system footprint, the aperiodic operation is rather versatile, a minimalistic amount of bits is used in the DCI to trigger such operation, RS used for CSI feedback measurement are scheduled timely (if not configured periodically) and depending on the timing relationships, the CSI reporting is delivered to the BS. Depending on how the RS are transmitted, triggering aperiodic feedback might not give the possibility to the UE to perform averaging in measurements as the whole operation is governed by a “one shot’ approach. A sensitive issues is also with respect to the operation of aperiodic feedback accounting for multiple CSI feedback hypothesis (CSI processes), an operation which puts pressure on the UE computational capabilities. Nevertheless, larger amounts of CSI feedback cannot be transmitted to the BS in a periodic way, from this perspective aperiodic feedback being the most cost efficient way of delivering such feedback. 
Aperiodic CSI feedback may be used also for delivering early CSI feedback. As in LTE where the field in the Random Access Response (RAR) may configure aperiodic feedback, a similar mechanism could be used in NR. 

Proposal 8: Support aperiodic CSI feedback with the following characteristics:

· For a single and multiple CSI processes.
· When configured with aperiodic, periodic and semi-persistent RS (if supported)
3.1.1 Aperiodic CSI feedback types 

The following discussion builds on the assumption of implicit feedback support. The CSI feedback types are containing feedback options in terms of wideband/sub-band reporting and their combinations. Another dimension is related to TDD where the PMI information may be obtained based on UL sounding. 
The NR bandwidths and their sub-bands are yet to be discussed in RAN1. In the following discussion we would understand by wideband operation a set of sub-band on which the UE is scheduled. 
A scheduling particularity of NR is that below 6GHz the frequency selective operation may be a main way of operation while in above 6GHz multi-beam operation with analogue beamforming, the wideband operation may be the way of handling the transmission. The way of exploring the FDPS gains is by providing frequency selective CSI at the transmitter. However, one needs to be careful with respect to the BR wider bandwidths with respect to LTE. From this perspective, the sub-band PMI and CQI may lead to high UE complexity and feedback overhead. At least the basic components of sub-band CQI and wideband PMI need to be supported.
Proposal 9: the following aperiodic reporting types should be supported:
· Sub-band CQI w/wo wideband PMI (a.k.a modes: 3-0, 3-1 of LTE)
The principle of embedding sub-band CSI along with wideband CSI should be further considered. For example the LTE mode 3-0 allows the configuration of a sub-band CQI per codeword conditioned by a wideband PMI and also a wideband CQI per codeword, conditioned by wideband PMI.

Proposal 10: Consider the principle of embedding forms of wideband CSI when sub-band CSI is reported (e.g. mode 3-2 contains 1-2, mode 3-0 contains 1-1)
3.2 Periodic CSI reporting

Periodic CSI reporting targets smaller amounts of CSI feedback and fits in general with wideband CSI feedback, but sub-band feedback may be accommodated as well. In LTE, the periodic CSI reporting is done on PUCCH and hence it targets lower payloads intended to provide coverage. The periodic feedback type of operation can be seen also as a way of monitoring the radio conditions and network operation with reasonable amounts of CSI feedback loads. For example schemes like dynamic point selection would require the UE monitoring the best transmission points in a dynamic way. Wideband CSI feedback is sufficient for point selection such operation needs to be performed for multiple TRPs and with regular measurements in order to deliver the dynamic TRP selection. An aperiodic reporting would not really fit such operation, even that one may say that multiple such reports could be triggered. Such operation seems a common denominator in both below and above 6GHz, the difference being that for the later the network strives to assign the best beams to the UE. 
Observation: Periodic CSI reporting aids schemes like DPS where periodic wideband measurements of multiple points are needed.

3.2.1 Periodic CSI feedback types 

In multi-beam operation above 6GHz, the UE is scheduled mainly in wideband mode. A large amount of bandwidth, narrow beam spatial directivity, would enable a fast packet transmission in DL. From this perspective it is clear the wideband PMI reporting modes need to be supported w/wo CQI. 

Proposal 11: the following periodic reporting types should be supported:

· Wideband CQI w/wo wideband PMI (a.k.a modes: 1-0, 1-1)
3.3 CSI reporting of selected sub-bands

Limiting the CSO reporting for selected sub bands is an efficient way of limiting the feedback overhead only to what is deemed necessary. Such operation may be controlled by BS in the sense that BS divides the bandwidth of interest, hence smaller than the system bandwidth, in a set of sub-bands over which CSI feedback is requested. Alternatively, the UU is allowed to report the best M sub-band CSI from a configured set of sub-bands. Such measurement and reporting mechanisms seem to fit very well in a system where wider bandwidth are to be utilized.
Proposal 12: NR supports CSI reporting on selected sub-bands, indicated either by the BS or selected by the UE.

4
Conclusions
In this contribution we have presented views with respect to the CSI reporting in NR. 
The following proposals may be summarized:
Proposal 1: The time and frequency resources that can be used by the UE to report CSI are controlled by the BS.
Proposal 2: Avoid the duplication of functionality for beam index computation, utilizing a single type of RS in both below and above 6GHz.

Proposal 3: Support the basic CSI components of CSI, PMI, RI, BI and design the necessary feedback mechanisms
Proposal 4: Focus on supporting feedback mechanisms for basic CSI components of CSI, PMI RI, BI.

Proposal 5: Consider the support of interference quality indicator as a basic CSI component.
Proposal 6: Support codebook subset restriction.
Proposal 7: NR CSI feedback reporting strives for system coverage (wideband reporting) and frequency selective gains (sub-band reporting.)

Proposal 8: Support aperiodic CSI feedback with the following characteristics:

· For single and multiple CSI processes.
· When configured with aperiodic, periodic and semi-persistent RS (if supported)
Proposal 9: the following aperiodic reporting types should be supported:
· Sub-band CQI w/wo wideband PMI (a.k.a modes: 3-0, 3-1 of LTE)
Proposal 10: Consider the principle of embedding forms of wideband CSI when sub-band CSI is reported (e.g. mode 3-2 contains 1-2, mode 3-0 contains 1-1)
Proposal 11: the following periodic reporting types should be supported:

· Wideband CQI w/wo wideband PMI (a.k.a modes: 1-0, 1-1)
Proposal 12: NR supports CSI reporting on selected sub-bands, indicated either by the BS or selected by the UE.
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