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Introduction
In this paper, we discuss the CQI reporting for multiple services in NR. The following agreements were made in the previous RAN meeting[1] :  
RAN1#90bis Agreement: 
· N separate CQI table(s) are supported for URLLC
· Downselect the value of N between 1 or 2
· Two target BLER are supported for URLLC
· Note: RRC signalling is used by gNB to select one of the two target BLER
Note: The configuration of target BLER or CQI table is part of CSI report setting
[bookmark: _GoBack]In this conribution, we share our views on unified CQI treporting for different service types (eMBB, URLLC-multiple applications, mMTC, etc). This paper is a revision of document R1-1719584. 
CQI feedback 
For NR multiple type of services are to be supported, with eMBB being the main target for Rel-15 UE. While for eMBB 2 CQI tables are supported with target BLER of 10% [1], it is still unclear the number of tables and BLER targets to be supported for URLLC.
On the other hand, for URLLC, contributions [2][3][4][5][6] point to the need for different BLER targets for wide variety of applications in NR (URLLC with different applications, etc). There are two aspects to the development of CQI tables:
· Having to cover very low code rates for a particular BLER target (especially for low targets)
· Developing the above tables for multiple BLER targets
In this paper, we look at the aspects of:
· Covering lower code rates in the CQI table, 
· Aperiodic CQI reporting 
CQI table extension:
A general reliability requirement for URLLC is BLER of 10-5 for a 32 byte packet with user plane latency of 1ms. With the legacy LTE CQI table and a target BLER of 10%, the URLLC required reliability is not achieved [4]. Using the HARQ will improve the reliability but with more latency. Extending the CQI table to lower code rates will allow to fulfill more reliable transmission while meeting the latency requirement [5]. But on the other hand, this requires more feedback bits for CQI reporting from the UE. Also, a number of proposals are made for reducing the DCI size for URLLC [7] which implicitly forces for lesser CQI bits on UL. The other alternative is to use multiple CQI tables for different applications. From the implementation point, it is beneficial to have most of the entries of the CQI tables to be common as much as possible. Refer to the companion paper on the CQI table for URLLC [9], where most of the entries of the CQI table for different BLER target are common.
In this paper, we propose to extend the CQI table covering the lower code rates needed for URLLC reliability without actually increasing the number of CQI feedback bits from the UE. The idea is, any application as such do not access all the entries of the full table and they will only be accessing the subset of table based on the targeted service. For example, an application with smaller packet sizes with tighter latency and reliability requirement does not require the use of higher code rates whereas an application with larger packets size but more relaxed latency and reliability requirement does not require the very low code rates designed for reliability. Hence, the code rates accessed by any service actually form a subset of the big CQI table. Based on the service type, the UE and gNB know the subset and the size of the CQI table to access. Figure 1 shows the CQI table subset selection as an example. In practice, the subset can be: 
· signalled using an offset (subset is contiguous set of values from the table),
· corresponds to a down-sampling: same range  as the full CQI table but larger step-size,
· combination of offset and down-sampling.
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[bookmark: _Ref498414188][bookmark: _Ref498347583]Figure 1 : Example for CQI table subset selection by signalling a subset
Observation 1: Based on the type of the application, the CQI values accessed will be a subset of large CQI table and hence based on the application service type the CQI table can be subsampled and can be predefined so that both UE and gNB are aware.
Proposal 1: For URLLC extend CQI table without adding more bits
· Referencing the big CQI table with predefined application service specific ranges  
· No need for extra bits once the application service type is known

CQI with Multiple BLER targets:
In NR [8], the CSI framework has resource setting, report setting and measurement setting. In brief, a UE can be configured by higher layers a number of reporting settings, resource settings, and a measurement setting. Each report is identified by an ID and can be configured for different BLER targets. The BLER targets that are currently supported are 0.1 and rest are FFS. Motivated by the fact that asymmetric HARQ [6] reduces the transmission resources for the packet transmission, we propose to support BLER targets of 10-x and 10-5 (where x<4 is small enough to allow for efficient resource utilization for 1st transmission)
Proposal 2: The BLER targets to be supported for URLLC are 10-x and 10-5, x<4, FFS x
Aperiodic CQI Reporting
Using asymmetric HARQ transmission [6] scheme, in 1st transmission the gNB uses a periodic/aperiodic CSI report with the associated BLER target (let’s say 10% BLER). When there is a change in the service type (let’s say delay sensitive URLLC traffic with target BLER of 10-5) an aperiodic CSI reporting can be requested from the UE [8] using the DCI. The UE feedback the CQI using BLER target set by aperiodic CSI configuration and the gNB will use the newly acquired CQI for subsequent re-transmissions (Figure 2). The CSI report calculation can be based on:
· Latest estimated channel for the purpose of CSI reporting: this solution suffer potentially from outdated channel and interference conditions.
· Aperiodic CSI-RS that is included as part of the 1st transmission. In this case is the channel and interference conditions are up-to-date however, this come at the expense of additional channel overhead and CSI-RS channel estimation complexity. 
· DMRS associated with the current DL transmission. In this case the channel is up-to-date without the associated CSI-RS overhead and with less additional complexity at the UE which is crucial for low latency feedback. 

Observation 2: Aperiodic CSI-RS configuration is used to acquire the CQI information when there is a change in the service type. Multiple aperiodic CSI-RS configurations are possible with different BLER targets.
Observation 3: DMRS based CQI computation is up to date and reduce the CSI-RS resource overhead.
Proposal 3: For URLLC, support aperiodic CSI-RS that is signalled to the UE via DCI together with aperiodic CQI feedback request 
Proposal 4: For URLLC, support DMRS based CQI computation to improve latency of CQI reporting and reduce CSI-RS overhead and computations complexity at the UE
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[bookmark: _Ref506396160]Figure 2 : Using aperiodic CQI reports for data transmission
Conclusion
In this contribution, we have discussed the aspects of CQI reporting for various services in NR under a single framework. Following are the observations and proposals of this paper:
Observations:
Observation 1: Based on the type of the application, the CQI values accessed will be a subset of large CQI table and hence based on the application service type the CQI table can be subsampled and can be predefined so that both UE and gNB are aware.
Observation 2: Aperiodic CSI-RS configuration is used to acquire the CQI information when there is a change in the service type. Multiple aperiodic CSI-RS configurations are possible with different BLER targets.
Observation 3: DMRS based CQI computation is up to date and reduce the CSI-RS resource overhead.
Proposals:	
Proposal 1: For URLLC extend CQI table without adding more bits
· Referencing the big CQI table with predefined application service specific ranges  
· No need for extra bits once the application service type is known
Proposal 2: The BLER targets to be supported for URLLC are 10-x and 10-5, x<4, FFS x
Proposal 3: For URLLC, support aperiodic CSI-RS that is signalled to the UE via DCI together with aperiodic CQI feedback request 
Proposal 4: For URLLC, support DMRS based CQI computation to improve latency of CQI reporting and reduce CSI-RS overhead and computations complexity at the UE
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