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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN#92 e-meeting, CSI enhancements scope are discussed. The following CSI enhancements would be further discussed in RAN1 group[1]:
	[bookmark: _Hlk79050553]RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC:
· Increasing the number of bits used for the reported subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Reporting of delta-MCS:
· Report consists of delta-MCS for a TB received with MCS index IMCS:
· delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is the largest MCS index such that the estimated BLER for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB.


In this contribution, we share our views on CSI enhancements for Rel-17 URLLC.
2. Case1: Increasing granularity of sub-band CQI
Increasing granularity of sub-band CQI can improve the accuracy of the sub-band report, which helps gNB to gather properties of the channel. It is beneficial to improve MCS selection at gNB side and obtain the better performance gain compared to the existing CSI reporting. 
This method is a straightforward enhancement based on existing differential sub-band CQI. Little specification effort is required for the method. 
A drawback of the method is the increased feedback overhead due to the finer report granularity. Actually, the overhead is controllable by gNB. gNB can select the appropriate report scheme for a certain scenario, e.g., 2-bit differential CQI report, 3-bit differential CQI report or 4-bit CQI report.
[bookmark: _Hlk79051076]Proposal1: Increasing granularity of sub-band CQI (3-bits differential sub-band CQI or 4-bits CQI) is supported for Rel-17 IIoT/URLLC.
3. Case2: Delta-MCS reporting
For Delta-MCS reporting, some issues were raised in the previous discussions. In this section, we would analyze delta-MCS reporting with the following aspects:  

· Delta-MCS scheme only reflects MCS of the scheduled resources
For Delta-MCS scheme, the delta-MCS can be only determined based on the decoding on the scheduled PRBs from the previous transmission with the same precoder assumption. It will result in great scheduling flexibility restriction on gNB for the next transmission (new transmission or retransmission), since the same time/frequency resources as previous transmission are supposed to be used. It would be issue how to make use of the reported information to adjust the scheduling and MCS selection for the next transmission (new transmission or retransmission), if different time/frequency resources and precoder would be used. The delta MCS scheme would be meaningless. 
[bookmark: _Hlk79051097]Observation1: Delta MCS would restrict the scheduling flexibility of gNB. 
· BLER target issue
[bookmark: _Hlk61426123][bookmark: _Hlk71379673]In current spec, CQI table with two BLER targets are defined, i.e., 1e-1 or 1e-5. UE is configured with a BLER target for CQI derivation and reporting and the UE shall derive the CQI with the BLER not exceeding the BLER target. For a given TBS, the UE will report the highest CQI corresponding to the achievable MCS to gNB. 
Even though gNB obtains the CQI reporting from UE corresponding to the configured BLER target, gNB scheduler has the flexibility to determine the MCS for a PDSCH transmission with a different BLER target not limited to the configured BLER target. For example, when BLER target is set to 1e-5 for URLLC UEs CQI reporting, for some URLLC UEs with mixed traffics with different reliabilities, it is unnecessary to always use BLER target with 1e-5 for the transmission which would waste the spectrum efficiency from gNB perspective. 
However, for a PDSCH scheduling, how to determine the MCS is up to gNB implementation. Therefore, UE cannot be aware of the actual BLER target for the MCS indicated by gNB for a PDSCH transmission. As Figure 1 shown, there may be difference between the obtained MCS from CQI reporting based on configured BLER target and the applied MCS from gNB based on the actually used BLER target. The MCS offset between the different BLER targets is depending on the implementation. In such case, when UE derives the delta-MCS with respect to the applied MCS indicated by gNB, it would be difficult for UE to determine the accuracy delta MCS value due to uncertainty of the BLER target applied at the gNB side.  


Fig.1 Difference between MCS from CQI and MCS from gNB derivation with different BLER targets
[bookmark: _Hlk79051109]Observation2: It would be difficult for UE to determine the accuracy delta MCS value due to uncertainty of the BLER target applied at the gNB side.
· Performance compared to existing CSI reporting
In contribution[2], delta MCS scheme and baseline scheme, i.e., current CQI report scheme are evaluated. For Rel-15 enabled AR/VR scenario with 20 UEs per cell, the baseline scheme with shorter report periodicity achieve the best performance among the evaluated schemes. For Factory scenario with 20 UEs per cell, both baseline and delta MCS schemes have the same performance. For Factory scenario with 40 UEs per cell, little performance gain is observed for delta MCS schemes compared to baseline scheme, i.e., 99.9% vs 99.2% of satisfied UEs.  
In contribution[3], delta MCS reporting for OLLA adjustment is evaluated for initial transmission of PDSCH and it is observed that the delta MCS scheme is worse than the baseline when  DL packet error rate is at 10^-5 and 10^-6.
[bookmark: _Hlk79051087][bookmark: _Hlk79137221]Observation3: For Delta-MCS scheme, no evident performance gains are observed. In some evaluations, the worse performance than baseline scheme is observed.
For an initial PDSCH transmission, gNB can choose the frequency resource and precoder from system perspective, which may be different from a previous PDSCH scheduling for a UE. On the other hand, for transmission with different TBS, frequency resource allocation can also be different from the previous scheduling. The delta MCS scheme derived by the previous transmission is not a useful guideline. A normal CSI report, e.g. Rel-15 CSI report, shows more efficient than delta MCS scheme. Furthermore, using frequency resource with the higher channel quality is beneficial for meeting latency and reliability requirement of URLLC service, which may be different from the previous scheduling resource. This is also proved by performance results as mentioned above. Therefore, periodic CSI or A-CSI is more suitable for the initial transmission. gNB can configure a shorter periodic CSI or trigger a A-CSI before the transmission for the initial PDSCH scheduling.    
[bookmark: _Hlk79051122][bookmark: _Hlk61426141]Observation4: Scheduling for an initial transmission based on the periodic/aperiodic CSI report is more efficient than based on the delta MCS scheme. 
In case an initial PDSCH transmissions fails, it would very likely for gNB to use a different resource allocation to avoid the strong fading or interference experienced on the initial PDSCH transmission resource, in this case delta-MCS derived based on different resource would not be helpful for the retransmission.
[bookmark: _Hlk79051142][bookmark: _Hlk79137340]Proposal 2: It should be clarified whether and how the delta MCS is applied for a new transmission, and for a retransmission.
· Spec impact 
Delta MCS scheme has the higher spec impact than sub-band CQI with the increasing bit number, for example 
· Reporting resource and channel 
Report resource for delta MCS need be specified. The same resource with HARQ-ACK or separate resource should be determined. The delta MCS report use PUCCH or PUSCH should also be discussed. 
· How to trigger delta MCS report 
Semi-static configuration for delta MCS report, dynamic triggering delta MCS report or other methods need be investigated. 
· Impact on HARQ codebook
If the same reporting resource with HARQ-ACK is supported, it should be clarified whether delta MCS can be included in type 1 or type 2 HARQ-ACK codebook.  
· Whether to report for every PDSCH and how to handle delta MCS for multiple PDSCHs
Considering different MCS for each PDSCH scheduling, the reference MCS for the calculation of delta MCSs may be different. If the same reporting resource with HARQ-ACK is supported, multiple delta MCSs corresponding to different PDSCHs are carried in a single report. Whether to report delta MCS for every PDSCH and how to handle multiple delta MCSs to help gNB scheduling.
· Testability
It seems the deriving delta MCS is implementation-related. RAN4 test are required for the calculation method for delta-MCS.
[bookmark: _GoBack]According to the analysis on scheduling impact on gNB, BLER target issue, performance benefits and the potential spec impact, Delta MCS scheme is not supported in Rel-17.
[bookmark: _Hlk79137394][bookmark: _Hlk79051161]Observation5: There is non-trivial spec impact observed for Delta MCS scheme. 
[bookmark: _Hlk79137501]Proposal 3: Delta MCS scheme is not supported in Rel-17.
4. Conclusion
In the contribution, we have some investigations on CSI feedback enhancement for URLLC/IIOT, and propose that,
Observation1: Delta MCS would restrict the scheduling flexibility of gNB.
Observation2: It would be difficult for UE to determine the accuracy delta MCS value due to uncertainty of the BLER target applied at the gNB side.
Observation3: For Delta-MCS scheme, no evident performance gains are observed. In some evaluations, the worse performance than baseline scheme is observed.
Observation4: Scheduling for an initial transmission based on the periodic/aperiodic CSI report is more efficient than based on the delta MCS scheme.
Observation5: There is non-trivial spec impact observed for Delta MCS scheme

Proposal1: Increasing granularity of sub-band CQI (3-bits differential sub-band CQI or 4-bits CQI) is supported for Rel-17 IIoT/URLLC.
Proposal 2: It should be clarified whether and how the delta MCS is applied for a new transmission, and for a retransmission.
Proposal 3: Delta MCS scheme is not supported in Rel-17.
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