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Introduction
CSI feedback enhancements were discussed in RAN1#103-e. The following were identified for further consideration. 

Agreements:
For Case-1 New reporting, the following candidate schemes have been identified to address the fast interference change over time. Continue studying with focus on the identified schemes below for further study and evaluation.
· Scheme 1a: New reporting quantity based on CQI/SINR statistics, e.g.,
· CQI/SINR statistics (e.g., mean, variance, etc.)
· CSI prediction 
· Scheme 1b: New reporting quantity of interference statistics (e.g., mean, variance, interference covariance matrix, etc.)
· Scheme 1c: New reporting quantity based on modifying existing reporting format, e.g.,
· CQI reporting considering the worst subbands
· Subband CQI granularity enhancement
· Scheme 1d: New reporting quantity related to CSI expiration time
· Scheme 1e: New reporting quantity with partial information update, e.g.,
· CSI reporting with interference update only

This contribution considers the above new reporting quantities for URLLC. 


New reporting quantities for MCS selection
New reporting quantities can be broadly classified as ones providing interference information, such as Schemes 1b and 1e, ones providing CQI/SINR statistics such as scheme 1a, and ones introducing new reporting metrics or triggers such as Schemes 1c and 1d. 

Rel-16 mechanisms
Before considering attributes for specific quantities/mechanisms from the above agreement in RAN1#103-e, it is noted that Rel-16 provides optimal mechanisms and substantial configurability to perform MCS selection. Examples include: 
a) For the periodic traffic of Rel-17 IIoT applications, a gNB can configure a UE to provide P/SP-CSI reports with fully flexible reporting parameters based on the gNB choice. 
b) For FTP traffic, the gNB can activate a SP-CSI report from a UE at the beginning of the traffic burst, deactivate it together with the last PDSCH transmission to the UE, and obtain CSI reports at regular intervals that track the channel for the UE so that every PDSCH, except possibly for the first one, is scheduled according to a CSI report that is guaranteed to be timely and accurate. 
c) The gNB can separately configure the UE whether or not to apply filtering for measuring a channel or an interference for a CQI report. CQI can be ‘instantaneous’ or ‘filtered’ for one or both of the channel and interference components.
d) The gNB can configure the UE to provide RSRP/RSRQ/SINR reports. 
e) A Rel-16 CSI report that provides wideband CQI, best-M sub-band CQI, RI, and PMI is optimal. 
f) Rel-16 allows configuration of multiple CSI reports with variable contents and periodicities from a UE such as a CSI report that includes full information (CQI/PMI/RI) and of a CSI report that includes only CQI.     

Observation 1: Rel-16 provides optimal and fully flexible configurations for CSI reports.  


Interference reports
Robustness to interference variations is a key design objective for URLLC. However, interference statistics or faster interference reports cannot cope with ‘short-term’ interference variations as interference can vary between slots or even between symbols. Also, it is not clear what additional information a gNB can obtain over RSRP/RSRQ/RSSI/SINR/CSI reports from Rel-16 for the purpose of MCS selection and, if any, how such information can result to improved throughput/reliability. For example, a network can always choose a more conservative MCS than the MCS the UE suggests through a CQI report (i.e. there is no reason for a UE to provide a different/more conservative CQI than in Rel-16) and can use RSRQ/SINR reports to determine ‘long-term’ interference statistics. 

Observation 2: There is no need for a UE to report conservative CQI. There is no need to introduce new CSI-RS resources and new UE measurements for interference or new ‘long-term’ interference-only reports.  

For short-term interference reports, relying on feedback measurements to address interference variations between successive PDSCH transmissions is inherently not possible (due to reporting and scheduling delays, the short-term interference variations themselves, …). A network already has available means to cope with short-term interference variations, for example through transmitter/receiver antenna diversity and transmissions that are spread over reported sub-bands, and can obtain reports for long-term interference variations (e.g. CQI or SINR or RSRQ). Also, as previously mentioned, it is already possible in Rel-16 to configure a UE to provide both a ‘full’ CSI report (e.g. CQI/RI/PMI with longer periodicity) and a ‘simplified’ CSI report (e.g. CQI-only with shorter periodicity).   

Observation 3: Rel-16 supports CSI reports with partial/short-term information (e.g. CQI-only reports without filtering).  

Short-term interference reporting has been a recurring proposal in both LTE and NR Rel-15 but was not adopted. There is even less justification to consider interference reporting for URLLC due to the enhanced requirements for accuracy and robustness. Even if it would be meaningful for interference to be measured in slot n, reported in slot n+k, and be used for scheduling in slot n+k+m, several problems remain in practice. For example, how often do CSI-IM resources need to be present? How often does a UE need to provide a corresponding report? What is the applicability in TDD where a UE with DL traffic would also be transmitting HARQ-ACK and ‘usual’ CSI reports? What will the gNB scheduler do for PDSCH MCS selection with an interference report on top of a (possibly non-filtered) CQI report that accounts for the interference? It is not practically possible to have CSI-IM resources in every/few sub-slot/slot, report interference (after some delay) in every/few sub-slots/slots, and use that interference report at a later time under the assumption that it remains accurate with ~100% certainty at the time of PDSCH reception considering the URLLC BLER requirements. 

Observation 4: Using short-term interference variation reports for PDSCH MCS selection based is inherently infeasible, is not practically realizable, and utilization by a gNB scheduler in addition to a CSI report is unclear.  


Reporting quantity based on CQI/SINR/decoding statistics
Regarding CQI/SINR statistics, any type of statistic (mean, variance, etc.) can be obtained by the gNB based on the individual CSI reports. Therefore, a CQI/SINR statistic/quantity that a gNB can obtain based on Rel-16 CSI reports from a UE does not need to be provided by the UE. Further, for the TDD bands applicable to Rel-17 IIoT, CSI prediction through channel prediction (interference prediction cannot be possibly considered feasible) is possible at the gNB through SRS receptions, although such schemes may not be as reliable as required for URLLC. The gNB can also determine for how long a CSI report remains valid (CSI expiration time) as the gNB can have same channel information for the UE as the UE does (e.g. based on a Doppler estimate or based on SRS receptions) while interference prediction for determining a validity of a CSI report cannot be relied upon, especially for URLLC purposes. 

Observation 5: A gNB can obtain CQI/SINR statistics from individual CSI reports and can also determine time validity of CSI reports. CSI/channel prediction is not sufficiently reliable in practice for URLLC and could be based on SRS.  

OLLA has been discussed as a motivation to define a new reporting quantity. The reason is that, due to the low BLER of URLLC services, it is not possible for a gNB to obtain enough NACKs. Why that is a problem that requires something to be done about for the URLLC traffic bursts is unclear. If the gNB gets successive ACKs from a UE and wants to try a more aggressive link adaptation for the UE, the gNB can try a somewhat more aggressive MCS based on a CSI report and can go back to a more conservative MCS once the UE reports 1-2 NACKs. 

Introducing a new reporting quantity where the UE also reports a differential MCS, or multi-level ACK values, or a percentage of ‘small’ ACK values has essentially a same effect for link adaptation with the only difference being that a fine tuning of delta-MCS or ‘small’ ACK values may occur prior to a NACK value. However, such fine-tuning may not be possible due to the steepness of the BLER curves where BLER decreases by several orders of magnitude within a few dB – i.e. HARQ-ACK is either NACK or ‘large’ ACK and is rarely ‘small’ ACK (or, a differential MCS is rarely more than 1-2 table entries lower than the scheduled MCS). Such fine-tuning of link adaptation adjustments cannot offer meaningful throughput gains and is unlikely to occur in practice. Moreover, an instantaneous result is likely a consequence of instantaneous interference variations and therefore cannot provide useful information (or worse, it provides information that would be detrimental for a network to use assuming it corresponds to a longer-term effect that has some ‘coherence time’). Such schemes also require material specification to define metrics, significant testing efforts in RAN4, as well as signaling overhead from the UE that, depending on the reporting method, will increase UCI payloads and degrade UCI reception reliability. Overall applicability for Rel-17 IIoT is also unclear as traffic is in short bursts or periodic over relatively long intervals. 

Observation 6: Introducing report quantities, such as differential MCS or soft ACK values, has substantial testing impacts while potential benefits are marginal/unclear in practice and are possible for a gNB to obtain by implementation.  

For multi-bit HARQ-ACK information, it is not possible for a gNB to distinguish between NACK and DTX. For eMBB, that is not a major problem for OLLA as the BLER for DCI formats is at least an order of magnitude smaller than the BLER for TBs and the gNB may assume NACK. For URLLC, the BLER of DCI formats and TBs is comparable and therefore OLLA is fundamentally problematic particularly since NACK/DTX values are few. DTX is actually more likely than NACK, despite having a similar BLER, as a SINR resulting to correct DCI format detection is likely to also result to correct TB detection. A tri-state HARQ-ACK information report solves the above problem [1] but doubles the HARQ-ACK payload. As DTX/NACK values are infrequent, appending 1-2 bits to a (Type-2) HARQ-ACK codebook in order to indicate a number of NACK values among the NACK/DTX values can enable OLLA in a simple manner that is deterministic and does not impose new requirements or new reporting metrics on the UE operation.   
 
Proposal 1: Support configuration for 1-2 bits in a Type-2 HARQ-ACK codebook to indicate a number of NACK values.


Triggering A-CSI on PUCCH by a DL assignment
From a throughput/reliability perspective, A-CSI on PUCCH by a DL assignment cannot outperform SP-CSI as the latter can be configure to sample the channel at regular intervals, for example based on the Doppler shift or the channel characteristics as determined by the gNB, and can therefore benefit all PDSCH transmissions except for the very first one that sets up the SP-CSI reports [2]. Conversely, A-CSI on PUCCH can often fail to provide any benefit. A-CSI on PUCCH also has several operational and specification/implementation implications as the DL assignment also needs to “immediately” trigger NZP CSI-RS that can lead to failure of already scheduled low priority (e.g. eMBB) transmissions that need to be preempted, and requires extensive specification changes (trigger NZP CSI-RS by DL assignment, provide additional PUCCH resources for A-CSI, resolve additional PUCCH/PUSCH overlapping/multiplexing scenarios, …). 

Observation 7: Triggering A-CSI report on PUCCH by DL assignment does not offer any benefit over triggering SP-CSI report while introducing substantial operational and specification/implementation complexity.  


Reporting quantity based on modifications of Rel-16 CSI reports
Rel-16 allows CSI reporting for M-best sub-bands in addition to wideband CSI. This has been shown to be optimal since LTE (e.g. allows for ‘water-filling’ based scheduling). There is no reason to change sub-band CSI reporting by reporting instead CSI for the M-worst sub-bands. 

Observation 8: Rel-16 wideband CSI with M-best sub-band CSI reporting allows for optimal scheduling.  

Differential CQI reporting for sub-band CQI has been used since LTE to limit the CSI payload since the wideband CSI provides an accurate reference point and the whole MCS range does not need to be addressed for sub-band CQI. Such reporting has been proven effective for eMBB where both throughput maximization is a KPI and the target BLER for the CSI report is relatively large. For URLLC, it is not justified changing the differential CQI reports for sub-bands as both the TBS in the PDSCH and the target BLER for CSI reports are substantially smaller than for eMBB.

Observation 9: Differential CQI reporting for sub-band CQI is more preferable for URLLC than it is for eMBB.  

Although differential CQI provides effective means for compressing the sub-band CQI with reference to the wideband CQI, the granularity offered by 2 bits is limited. A consequence is that ambiguity in actual sub-band CQI values is likely occur [3]. Increasing the range of differential CQI values to 8, by using 3 bits instead of 2 bits, can address a larger range of CQI values while maintaining a relatively small payload for CQI reporting. If such an enhancement is specified, it should be configurable and, although considered under URLLC, applicability should not be restricted to be associated with other URLLC-related configurations.

Proposal 2: Support configuration of either 2 bits or 3 bits to represent differential values for sub-band CQI.


Enabling use of intended MCS Tables 
A problem that was identified during the Rel-16 UE features discussion but was not possible to fix due to ASN.1 freeze is the 1-to-1 link between a DCI format and an MCS table regardless of the priority indicator value. Even though the UE can be configured to report CQI for both the eMBB/large spectral efficiency MCS table and for the URLLC/low spectral efficiency MCS table, only one MCS table is configured for a DCI format. Then, for a UE, either eMBB needs to be operated with the low spectral efficiency MCS table, thereby reducing maximum data rates, or URLLC cannot be operated with the low spectral efficiency MCS table (that was introduced for URLLC), thereby reducing reliability. For HARQ-ACK reporting, that problem is avoided by having a 1-to-1 link between the two priority indicator values and the two PUCCH-Config, instead of linking one PUCCH-Config with a DCI format. This should also be done for the MCS tables to enable the intended MCS selection for URLLC.

Proposal 3: Support configuration of two MCS tables for a DCI format and link an MCS table to a value of the priority indicator field in the DCI format.


Conclusions
This contribution considered CSI feedback enhancements for Rel-17 URLLC and proposes the following.

Proposal 1: Support configuration for 1-2 bits in a Type-2 HARQ-ACK codebook to indicate a number of NACK values.

Proposal 2: Support configuration of either 2 bits or 3 bits to represent differential values for sub-band CQI.

Proposal 3: Support configuration of two MCS tables for a DCI format and link an MCS table to a value of the priority indicator field in the DCI format.


In addition, the following are observed.

Observation 1: Rel-16 provides optimal and fully flexible configurations for CSI reports.  
  
Observation 2: There is no need for a UE to report conservative CQI. There is no need to introduce new CSI-RS resources and new UE measurements for interference or new ‘long-term’ interference-only reports.  

Observation 3: Rel-16 supports CSI reports with partial/short-term information (e.g. CQI-only reports without filtering).  

Observation 4: Using short-term interference variation reports for PDSCH MCS selection based is inherently infeasible, is not practically realizable, and utilization by a gNB scheduler in addition to a CSI report is unclear.  

Observation 5: A gNB can obtain CQI/SINR statistics from individual CSI reports and can also determine time validity of CSI reports. CSI/channel prediction is not sufficiently reliable in practice for URLLC and could be based on SRS.  

Observation 6: Introducing report quantities, such as differential MCS or soft ACK values, has substantial testing impacts while potential benefits are marginal/unclear in practice and are possible for a gNB to obtain by implementation.  

Observation 7: Triggering A-CSI report on PUCCH by DL assignment does not offer any benefit over triggering SP-CSI report while introducing substantial operational and specification/implementation complexity.  

Observation 8: Rel-16 wideband CSI with M-best sub-band CSI reporting allows for optimal scheduling.  

Observation 9: Differential CQI reporting for sub-band CQI is more preferable for URLLC than it is for eMBB.  
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