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Discussion and Decision
1
Introduction
During the RAN1#88 meeting, the following agreements were made regarding the definition and functionality of the CSI Resource Indicator (CRI) [1].
	Agreements:

· For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported 

· FFS the applicability to CSI acquisition/beam management

· CRI functionality includes selection and reporting of indices for N out K NZP CSI-RS resources

· FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1

· FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)

· If Nmax > 1 is supported, the value of N is included in the associated CSI reporting setting

· The maximum value of N [image: image2.png]€{12,..,K}



 may be a UE capability

· FFS whether N is higher-layer configured or UE selected



	Agreements:

· At least the following additional information should be supported:

· Information related to resource power for channel measurement resource

· Zero power is NOT allowed

· FFS: Information related to resource power for interference measurement resource

· Zero power is allowed.

· FFS: Details, e.g., signaling design, units (e.g., RS EPRE)

· Note: Focus of the bullets above doesn’t apply for resource for rate matching.

· Study applicability of CRI, CQI, Spatial Channel Information (e.g. PMI, channel covariance matrix information), and RI are applicable for Type II CSI.

· Including whether CRI is needed for type II CSI

· Detailed design to turn off some of the CSI parameters.




In this contribution, we present our views on the functionality and usefulness of the CRI for NR.  

2
CRI Functionality and Extension to NR
The CSI Resource Indicator (CRI) was introduced for the LTE downlink to facilitate the selection of a single preferred beam among some number of candidate beams. Typically, multiple CSI-resources would be transmitted, and the UE would feedback the CRI to indicate which CSI resource was preferred. An example use case for CRI was user-specific elevation beam selection, where each CSI resource is configured for some number of (azimuth) ports transmitted out a different elevation direction. The UE picks the best elevation beam direction via the CRI feedback and sends back RI, PMI, and CQI conditioned on the CRI. In LTE, the CRI concept can be extended to an arbitrary set of K beams for covering a deployment area, not just elevation beams, however the value of K is limited to 8 [2], and the CRI indicates a single preferred beam. CRI is especially useful in FDD systems having a large-scale array where the number of TXRUs in the array is high enough such that a single CSI-RS process that is intended to provide the full downlink matrix channel response would require an inordinately high number of ports. Instead, the coverage area can be divided into beams (either in elevation or azimuth or both), where each beam has a small number of beamformed ports that is much more manageable from a CSI-RS resource perspective. Feeding back the combination of CRI/RI/PMI/CQI enables a closed-loop MIMO scheme to be transmitted over the best beam direction. However, the limitation in LTE is that at most 8 beam directions can be used, and the UE feeds back a single preferred beam via CRI.  
In NR, the CRI concept can be leveraged to facilitate beam-based MIMO transmission as is done in LTE. However, there are important differences between LTE and NR that are worth noting. In NR, an important use case is the cmWave and mmWave bands (e.g., 30GHz), where high gain beamforming with large scale arrays are helpful for overcoming the poor path loss conditions. Large arrays with say 16 elements in azimuth and 16 elements in elevation will require a large number of beams (much greater than 8) to cover a deployment area due to the narrow beamwidths.  Furthermore, the use of multiple TRP transmission in NR means that the beams being selected for the UE could in principle be transmitted from multiple TRPs to facilitate some form of CoMP transmission for improved coverage reliability in coverage-challenged deployments. As a result, in NR, there will be a need for selecting, for example, a preferred transmit beam from each of several TRPs to facilitate beam-based multiple TRP transmission, and this type of functionality is currently handled by the beam management procedures being defined in NR.  
The CRI concept from LTE in principle can be extended to NR and used as a key component of the beam management procedures. The extension to NR would involve the UE being told to monitor K CSI-RS resources and report back CSI for N of the K CSI-RS resources. In LTE, the maximum value of K is 8, but N is 1. In NR, the main question to be answered would be the range of permissible values for N and K and how they are configured. 
Observation 1: The CRI concept from LTE can be extended to NR to be the mechanism behind the beam management procedures. The range of permissible values for N (the number of CSI-RS resources for which to report CSI) and K (the total number of CSI-RS resources to monitor) and how they are configured will need to be decided.
Another question under consideration is whether CRI has applicability to Type II CSI.  A key use case for Type II CSI is to enable high order multi-user MIMO through the use of higher overhead, but higher resolution feedback.  However, CRI is used in the CSI framework for CSI measurement settings involving multiple CSI-RS resources (e.g., Ks>1 resources, with S=1 resource set), where the CSI-RS resources are typically precoded.  With multiple CSI-RS resources, it would be expected that the number of CSI-RS ports per resource would be limited to no more than 8, and the type II feedback would operate on 8 or less precoded ports.  The question then is if Type II feedback is necessary for use with pre-coded CSI-RS or whether Type I would be sufficient.   As a result, further study would be needed to determine whether the Type II CSI feedback would be the best choice for CSI configurations involving CRI feedback.  
Observation 2: For CRI feedback, if the maximum number of port per CSI-RS Resources is 8, then the benefits of using Type II feedback rather than Type I feedback need to be quantified.  
3
CRI Configuration in NR

In the following we discuss CRI in the context of the beam selection process as it relates to several issues, namely, single TRP transmission, multi-TRP transmission, and coordinated scheduling.  

First, in single TRP transmission (for example with a single panel array covering a sector), the benefits of selecting multiple beam directions (i.e., from different beam directions) would need to be ascertained. It is quite possible that selecting the best beam direction for a single panel array or using that best beam direction on multiple sub-arrays as in [3] would be sufficient from a complexity vs. performance point of view. Alternatively, selecting multiple beam directions for a single TRP could be used to provide beam diversity where a second beam direction would be used if the first beam direction becomes blocked due to dynamic changes in the environment. However, the usefulness of beam diversity from a single panel array to handle dynamic environmental changes is not clear but needs further study.  Therefore, for single TRP transmission, it is possible that N=1 could be preferred, but there could be benefits for N>1.  

Second, for multi-TRP transmission, the UE can be indicated to monitor multiple CSI-RS resources (i.e., beams) that are transmitted from multiple TRPs, where some number of CSI-RS resources are transmitted from each TRP to enable some form of CoMP/DPS/CS-CB/JT, etc..  As a result, there would be a strong need for a UE to select the best N CSI-RS resources out of K total CSI-RS resources, where N>1. Therefore, for NR, we think it is reasonable to allow N to be greater than one for both single TRP and multi-TRP transmission.  

Proposal 1: For CRI feedback, the value of N is allowed to be greater than one.

The appropriate values for N and K could either be determined by the gNB or the UE. We see the need for at least the gNB to control the setting of N and K, since those values may have a strong dependency on the TRP layout in the deployment scenario. On the other hand, the UE is in a good position to see the distribution of the quality of the beams that it hears. We see a potential benefit for the UE to recommend a value of N, but we prefer the final decision for the value of N to be made by the gNB. Informing the UE of the actual values of N and K in the CSI reporting setting would enable flexibility in the CRI feedback mechanism, but would represent unnecessary overhead if such flexibility is deemed to be not worthwhile. Therefore, we see benefits to enabling the TRP to configure N via higher layer signalling, thereby eliminating the need for including the value of N in every CSI reporting settings.  
Observation 3: Configuring N and K via CSI reporting settings enables higher flexibility at the cost of higher overhead.  

Proposal 2: The gNB configures the values of N and K through higher layer signalling in addition to the CSI reporting settings. It is FFS whether the UE should recommend the value of N.  
Another point of decision is the value of Nmax, the maximum value of N that a UE can support. At least two options exist. The first is for Nmax to be decided ahead of time as a fixed value in the NR spec. The second option is to allow Nmax to be a UE capability that is signalled to the gNB, in which case, the gNB is then responsible for configuring the value of N to be less than or equal to Nmax for each UE. Having Nmax as a UE capability might put an extra burden on the gNB when dealing with UEs that have different capabilities, but could be used to ease UE implementation requirements.  
Proposal 3: For CRI feedback, Nmax, the maximum value of N that a UE can support, can be a UE capability signalled to the gNB. Nmax can be 1. The gNB is then responsible for setting an appropriate value of N for each UE.
4
Conclusions
In this contribution, we provided the following observations and proposals: 
Observation 1: The CRI concept from LTE can be extended to NR to be the mechanism behind the beam management procedures.  The range of permissible values for N (the number of CSI-RS resources for which to report CSI) and K (the total number of CSI-RS resources to monitor) and how they are configured will need to be decided.

Observation 2: For CRI feedback, if the maximum number of port per CSI-RS Resources is 8, then the benefits of using Type II feedback rather than Type I feedback need to be quantified.  
Observation 3: Configuring N and K via CSI reporting settings enables higher flexibility at the cost of higher overhead.  

Based on the above discussion, we made the following recommendations:
Proposal 1: For CRI feedback, the value of N is allowed to be greater than one.

Proposal 2: The gNB configures the values of N and K through higher layer signalling in addition to the CSI reporting settings.  It is FFS whether the UE should recommend the value of N.  
Proposal 3: For CRI feedback, Nmax, the maximum value of N that a UE can support, can be a UE capability signalled to the gNB. Nmax can be 1. The gNB is then responsible for setting an appropriate value of N for each UE.
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