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In the RAN1#105-e meeting, several schemes for the CSI feedback enhancements and the following proposal were discussed [1]. In RAN#92-e, the proposal was endorsed with details further discussed in RAN1.
	[bookmark: _Hlk72993375]Proposal:
RAN1 to further investigate the following for CSI enhancements for IIoT/URLLC:
· Increasing granularity of 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 largest MCS index such that estimated BLER of the 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.
· Estimated BLER for a TB is the largest error probability estimate of a code block within a TB.
· FFS: whether to apply additional offset to delta-MCS (i.e. delta-MCS = IMCS_tgt – IMCS - offset)
· FFS: whether TB size for determining IMCS_tgt is TB size of received TB or other TB size
· FFS: How UE determines BLER target (e.g. explicitly indicated by network or linked to a CQI table)
· FFS: Number of bits and quantization for delta-MCS report
· FFS: whether delta-MCS is reported (Option 1) jointly with HARQ-ACK codebook or (Option 2) separately from HARQ-ACK codebook.


In this contribution, the simulation results of the two schemes and our views are also provided. 
Discussion
According to the agreements, there are two schemes for the CSI enhancements for the URLLC on the table. 
· Case 1: Increasing granularity of subband CQI (3-bits differential subband CQI or 4-bits CQI)
· Case 2: delta-MCS reporting based on the PDSCH decoding
In current specification, 2 bit differential CQI on top of wideband CQI is reported for sub-band to reduce the CSI overhead. It may lead to an inaccurate CQI report when the subband CQI is much less or higher than the wideband CQI, e.g., the difference between the subband CQI and the wideband CQI is less than -1 or larger than 2. Therefore, the benefit of Case 1 is to increase the accuracy of the reported subband CQI in some cases at the cost of increased CSI overhead. 
Observation 1: The benefit of Case 1 is to increase the accuracy of the reported subband CQI in some cases at the cost of the high CSI overhead.
For Case 2, the delta-MCS is obtained from the difference between the scheduled MCS and the required MCS for a TB when the UE decodes the PDSCH. Therefore, it does not require additional reference signal for measurement, e.g., CSI-RS. And additional processing time for obtaining the delta-MCS is not needed as well. It can be reported together with the HARQ-ACK codebook or separately. In any case, it can be reported more frequently than the current CSI report as a kind of special CSI. Therefore, it can help the network to be aware of the channel state on time, especially when the channel state change rapidly.
Observation 2: Delta-MCS reporting can provide the exact channel state more frequently and timely. 
When the network schedules a PDSCH transmission, it should predict the current channel state of the UE based on the reported CQI from the UE and OLLA. Sometimes, the predicted channel state may not be correct due to the imperfect prediction algorithm or the rapid channel state change. The reported delta-MCS is very helpful since it can let the network know the exact gap between the predicted channel state and the actual channel state the UE experience. Therefore, when the network gets the delta-MCS report, it can adjust the MCS more efficiently and accurately for the subsequent scheduling than the traditional OLLA based on HARQ-ACK. This is very important for the URLLC service. Because if the NACK happens, the network should make sure the corresponding retransmission must be decoded successfully due to the high latency requirement of URLLC. 
Observation 3: Delta-MCS reporting is helpful for the efficient and accurate scheduling.
The simulation results for Case 1 and Case 2 for Rel-15 AR/VR are shown in the Table 1 blow. The baseline is the current subband CQI report with the period of 10ms. The other simulation assumptions are shown in the appendix.
Table 1 The simulation results for Case-2 reports in R15 AR/VR scenario
	Cases
	Percentage
(%)
	BLER of 1st
	RU(%)
	[bookmark: _GoBack]Aggressive MCS ratio (%)

	Baseline
	86.67%
	0.1588
	4.30%
	0.1638

	Case 1
	85.71%
	0.1589
	4.28%
	0.1709

	Case 2
	94.76%
	0.0845
	8.09%
	0.0771


From the simulation results, it can be seen that the performance of the Case 1 is a bit worse than the baseline in terms of the percentage of the satisfied UE. The reason is that the network always selects the best sub-band for the PDSCH scheduling for the UE. In the baseline, the reported CQI is lower than the actual CQI for the best sub-band. It leads to the network performs a relative preserve scheduling. Therefore, the BLER of the first transmission and the aggressive MCS ratio are both lower. For the Case 2 report, it can improve the performance as expected.
Observation 4: Case 2 can improve the performance on percentage of the satisfied UE. 
Considering that Case 1 and Case 2 both needs additional report overhead but Case 2 have more benefits and prominent performance gain, Case 2 is preferred for the CSI enhancement for the URLLC.
Proposal 1: Case 2 should be supported for the CSI enhancement for the URLLC.
For Case 2, the delta MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is largest MCS index such that 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. Under a certain SINR, IMCS_tgt is related to the TB size. Since the delta-MCS is obtained when the UE decodes the received TB, the TB size of the received TB should be used to determine the maximum MCS. 
Proposal 2: The TB size of the received TB should be used to determine the maximum MCS. 
The delta-MCS and the HARQ-ACK codebook can be reported jointly or separately. For the separate reporting, it needs a specific PUCCH resource for the delta MCS report. It can be indicated by the DL DCI or configured by the RRC signaling. If the DL DCI is used, another PRI field and K1 field may be needed. In any case, it may delay the delta-MCS report. Considering that the gap between the PDSCH decoding to obtain the delta-MCS and delta-MCS reporting should be smaller as possible, the joint reporting of the delta-MCS and HARQ-ACK codebook is preferred. And joint coding for the delta-MCS and ACK/NACK can also be considered to provide more flexibility. 
Proposal 3: The delta-MCS and the HARQ-ACK codebook should be reported jointly. 
The delta-MCS is reported together with the HARQ-ACK codebook. The delta-MCS reporting can be triggered by the DL DCI or enabled by the RRC signaling/MAC CE. 
· DL DCI
The delta-MCS reporting is indicated per PDSCH. The delta-MCS report size depends on the DL DCI indication. So DTX may lead to the the delta-MCS report size is not aligned between the network and the UE. To resolve this, it can be specified that delta-MCS reporting can only be triggered by the last DL DCI. It make senses since the reliability of the last DL DCI is very high and the delta-MCS should be reported as soon as possible for URLLC as discussed above.
· RRC signaling/MAC CE
If the RRC signaling or MAC CE enables the delta-MCS reporting, the UE should report the delta-MCS for each PDSCH. There is no ambiguity on delta-MCS report size. However, it may increase the UCI payload especially for type1 HARQ-ACK codebook. If the UCI payload is an issue, it can be specified that a delta-MCS report includes a certain number of the delta-MCS. Each delta-MCS corresponds to a cell, or more specifically, the last PDSCH of the cell.
Proposal 4: The delta-MCS reporting can be triggered by the DL DCI or enabled by the RRC signaling/MAC CE.
For the number of bits for delta-MCS report, it should be the compromise between the accuracy and the overhead. It also depends on the maximum difference between the scheduled MCS and the target MCS, which is determined by the channel state and interference condition. For example, if the interference change is not rapid, maybe one bit for the delta-MCS is sufficient. However, if the interfere change is very fast and predicted very difficultly, more bits are required. Therefore, the number of the bits for the delta-MCS should be configured by the network and 1, 2, or 3 could be the candidate value. 
Proposal 5: The number of the bits for the delta-MCS should be configured by the network and 1, 2, or 3 could be the candidate value.
Conclusion
According to the analysis above, we have the following observations and proposals:
Observation 1: The benefit of Case 1 is to increase the accuracy of the reported subband CQI in some cases at the cost of the high CSI overhead.
Observation 2: Delta-MCS reporting can provide the channel state more frequently and timely.
Observation 3: Delta-MCS reporting is helpful for the efficient and accurate scheduling.
Observation 4: Case 2 can improve the performance on percentage of the satisfied UE.
Proposal 1: Case 2 should be supported for the CSI enhancement for the URLLC.
Proposal 2: The TB size of the received TB should be used to determine the maximum MCS.
Proposal 3: The delta-MCS and the HARQ-ACK codebook should be reported jointly.
Proposal 4: The delta-MCS reporting can be triggered by the DL DCI or enabled by the RRC signaling/MAC CE.
Proposal 5: The number of the bits for the delta-MCS should be configured by the network and 1, 2, or 3 could be the candidate value.
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Appendix 
System Level evaluation assumptions are shown in Table 2.
Table 2: System Level evaluation assumptions for R15 AR/VR scenario
	Parameters
	Value

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz

	BS antenna element gain + connector loss
	8 dBi

	BS antenna configurations
	4 Tx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2)

	UE antenna configuration
	4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;

	BS antenna height
	25 m

	UE antenna height
	1.5 m

	UE antenna gain
	0dBi as starting point

	BS Tx power
	49 dBm  

	UE receiver noise figure
	9 dB

	Layout
	Single layer - Macro layer: Hex. Grid

	Number of UEs per cell
	40

	Channel model
	UMa in TR 38.901

	UE distribution
	100% of users are outdoors 
Use 3 km/h for modeling fading channel 

	Channel estimation
	Realistic

	Periodicity of P-CSI reporting
	10 slots

	Delay of P-CSI reporting
	4 slots

	Physical layer configuration
	4 OS mini-slot

	Traffic mode
	FTP model 3 (100p/s)

	Reliability
	99.999

	Latency
	4ms(200bytes)
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