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Introduction
In 3GPP RAN1#71[1], a new study item on ‘New Radio Access Technology (RAT)’ was approved targeting single technical framework for eMBB (enhanced mobile broadband), mMTC (massive machine type communication), eV2X(enhanced vehicle to everything) and URLLC (ultra-reliable low-latency communications). Additionally, in 3GPP RAN1#86bis and RAN1#87, study on CSI reporting which is optimized for each use case and service is agreed [2 - 3]: 
Agreements:
· For channel and interference measurement in NR, 
· For interference measurement, support at least one of following schemes:
· Measurement subsets in both time and frequency domain 
· Interference measurement restriction in both time and frequency domain
· FFS on channel measurement
· FFS on the details (including whether measurement subset is equivalent to measurement restriction in the freq. domain)
· Study CSI reporting which is optimized for each use case
· E.g. CQI which is targeted to high reliability
Agreements:
· For CSI reporting for a component carrier, at least three different frequency granularities should be considered in the study
· Wideband CSI
· Wideband size is determined by UE RF capability of receiving DL signal. 
· Location of wideband could be configurable by network.
· For example, used for analog beam management at least.
· Partial band CSI
· Alt1. UE-specifically configurable bandwidth 
· Alt2. The size is determined by the composition of numerologies or scheduling time units within the UE-specific wideband.
· Applicable only when different numerology or scheduling time unit are multiplexed within wideband. 
· For example, used for analogue beam management
· For example, used for managing CSI per service at least
· Subband CSI
· The band size is determined by dividing wideband or partial band to multiple bands.
· For example, used for frequency selective scheduling and subband precoding at least
· Possible down selection and/or merge of above granularities can be studied
· Combination of above frequency band CSI also needs to be studied


In this contribution, we discuss about CSI reporting which is optimized for each use case (service specific CSI) in NR.
Discussion
In TS38.913 [4], KPIs (Key Performance Indicators) such as peak data rate, peak spectral efficiency, reliability and coverage are identified. In the document, different KPIs are provided for each use case. For example, user plane latency for URLLC is 0.5ms for UL and 0.5 for DL while eMBB requires 4ms for UL and 4ms for DL. Such different requirements should be considered in transmission scheme and CSI reporting. Considering KPIs for each use case, following aspects should be considered in CSI reporting. For example, UE need to support different reliability requirements with 1-10-5 For URLLC and eV2X.
In 3GPP RAN1#86bis, Type I and Type II CSI with different spatial resolutions are agreed. Between the two types of CSI reporting, Type I feedback supports low spatial resolution feedback with resource selection indicator, RI, PMI and channel quality feedback. For low spatial resolution feedback, implicit CSI which is inherited from HSDPA to Rel-8 LTE is suitable. This feedback paradigm fits quite well for all practical purposes including services which require high reliability or low price implementation.
In contrast to Type I feedback, the motivation of Type II feedback is to provide more accurate channel information for higher performance. For example, explicit CSI with direct (quantized) channel feedback, covariance matrix feedback, or eigenvector feedback can be considered for Type II feedback. For eMBB service, benefits of Type II feedback are clear. For example, in Rel-14 eFD-MIMO, support of high resolution CSI from linear combination codebook is decided since the performance are verified from the various evaluations. Additionally, in our companion contribution [6], initial simulation results on the performance benefits of explicit CSI are provided. In the evaluation result, linear combination codebook based explicit CSI can reduce performance gap with ideal CSI while the performance gap of implicit CSI is still large. However, support of Type II CSI is not adequate for services which requires high reliability and low price UE implementation. While explicit CSI provides large performance gain, support of the measurement also requires high degree of implementation and increases the price of UE modem. Furthermore, methods for performance enhancement (e.g. MU-MIMO transmission) may not be adequate for high reliability services considering inter-user interference. 
In order to achieve reliability requirements, diversity transmission scheme should be considered. In LTE specification, SFBC/FSTD and large delay CDD are supported as open-loop transmission schemes. Both SFBC/FSTD and large delay CDD operate without any UE feedback on preferred precoding. Instead of the PMI feedback, UE is required to report only CQIs (and RI for large delay CDD) assuming data transmission with the pre-defined precoding. However, such open-loop transmission schemes relies on CRS and DMRS based transmission schemes should be applied to NR. For the CSI feedback of diversity scheme, open-loop (analogous to LTE CSI feedback) and semi-open-loop should be supported. Figure 1 shows a concept of semi-open-loop transmission compared to closed-loop and open-loop transmissions.
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Figure 1 Concept of semi-open-loop transmission
In order to provide high reliability, it is more advantageous to transmit data through a cycling of directional beams and/or co-phases since the UE can only indicate an approximate (or a range of) information. For this purpose, precoder (beam/co-phase) cycling within a group of precoders in frequency domain can be employed. This approximate information can be reported via PMI or other precoding-related feedback which includes only long-term precoding information. Such long-term precoding information does not require subband PMI (or precoding-related) reporting. For the reporting of approximate directional information, either wideband or partial band PMI can be considered. Based on the decided approximate directional information, whole or remained i2 cycling can be assumed for the CQI calculation. In addition to transmission scheme, limitation on modulation order, coding rate and multi-layer transmission also can be considered to achieve high reliability. Since high rank transmission and higher modulation (256QAM and 1024QAM), transmission cannot achieve high reliability, limitation on high rank transmission and higher modulation will provide efficient delivery of CSI. Considering such aspects, In this case, providing independent CQI table than common CQI table for all possible services should be considered.
Additionally, service optimized CQI also should be considered. As mentioned earlier, reliability requirements of URLLC, eV2X and eMBB are different with each other. If we follow LTE reliability principle for eMBB, target BLER is 10%. However, URLLC and eV2X services should provide higher reliability (i.e. 1 - 10-5) than eMBB and therefore, CQI which is targeted to 10% BLER would not be adequate. Considering such aspects, different CQI selection criteria may 
Observations: 
· For each service, different KPIs such as peak data rate, peak spectral efficiency, reliability and coverage are provided.
· While Type I feedback is beneficial for all services, benefits of Type II feedback except eMBB are not clear.
· Type II feedback requires high degree of UE implementation.
· Benefits of subband CSI is not clear for high reliability services and low price UE implementations.
· For high reliability services, DMRS based diversity transmission such as precoder cycling (e.g. semi-open-loop transmission) is beneficial.
· Limitation on high modulation, rank transmission and coding rate will help to achieve high reliability.
· Reporting of CQI targeted to 10% BLER would not be adequate for high reliability.
Proposals: 
· Support CSI reporting which is optimized to each use case.
· For high reliability services and low price UE implementation, support only Type I feedback.
· Support only wideband and partial band CSI for high reliability services and low price UE implementations.
· For high reliability services, DMRS based diversity transmission such as precoder cycling and corresponding CSI (open- and semi-open-loop CSI) should be considered. 
· Support independent CQI table for high reliability services.
· Consider limitation on high modulation, rank transmission and coding rate for efficient UE feedback.
· Support CQI which is targeted to high reliability.
Conclusions
In this contribution, service specific CSI reporting for NR is discussed. Based on the discussions, the following observations and proposals are provided:
Observations: 
· For each service, different KPIs such as peak data rate, peak spectral efficiency, reliability and coverage are provided.
· While Type I feedback is beneficial for all services, benefits of Type II feedback except eMBB are not clear.
· Type II feedback requires high degree of UE implementation.
· Benefits of subband CSI is not clear for high reliability services and low price UE implementations.
· For high reliability services, DMRS based diversity transmission such as precoder cycling (e.g. semi-open-loop transmission) is beneficial.
· Limitation on high modulation, rank transmission and coding rate will help to achieve high reliability.
· Reporting of CQI targeted to 10% BLER would not be adequate for high reliability.
Proposals: 
· Support CSI reporting which is optimized to each use case.
· For high reliability services and low price UE implementation, support only Type I feedback.
· Support only wideband and partial band CSI for high reliability services and low price UE implementations.
· For high reliability services, DMRS based diversity transmission such as precoder cycling and corresponding CSI (open- and semi-open-loop CSI) should be considered. 
· Support independent CQI table for high reliability services.
· Consider limitation on high modulation, rank transmission and coding rate for efficient UE feedback.
· Support CQI which is targeted to high reliability.
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