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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In the RAN1#105-e meeting, the Rel. 17 NR NR_IIOT_URLLC_enh WID [1] was discussed.  However, there was no agreement [2] achieved.  In the RAN#92-e meeting, the following was agreed [8] on the topic of CSI enhancement for URLLC:
	· Revised Recommendation1: Provide the following RAN guidance on CSI feedback enhancement [RAN1]
· Focus subsequent working group discussions on the schemes proposed in RP-211297.
· Details (e.g. how to calculate delta-MCS) are up to further working group discussions.


To elaborate, the proposal from RP-211297 [9] is listed below:
	Proposal: RAN confirms the following as a guidance to RAN1 for CSI enhancement in Enhanced URLLC/IIoT WI:
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 short, it was agreed in RAN#92-e meeting that RAN1 should focus discussions on Case 1-8 and Case 2-3, with details FFS.  In this contribution, we present performance evaluation results for several schemes.  We also discuss our views on Case 1-8 and Case 2-3 new reporting, and proposals for moving forward.

Performance Evaluation of Schemes
[bookmark: _Ref71542194]Schemes under evaluation
We evaluate performance of the following four schemes through system level simulations:
Scheme 1: Baseline scheme.  In this scheme, the UE measures and reports CQI to gNB every K TTIs.  In the simulations, K is set to 5.  The eNB, after receiving the CQI, converts the CQI to SINR, and derives a predicted SINR for MCS selection: 
, where SINRmeasured is the SINR converted from the received CQI, SINRpredict is the predicted SINR for MCS selection, and  is a fixed backoff factor and was set to 20 dB [4] in simulation results presented in one of our previous contributions [7] and was set to 12 dB in simulation results presented in [10] and in this contribution as it gives better baseline performance.  
The CQI delay, e.g., the gap between the time CQI is reported from the UE and the time PDSCH is transmitted to the UE based on the MCS derived from the CQI, is set to 4 TTIs in the simulations.
[bookmark: _Hlk78359698]Scheme 2: Enhanced scheme utilizing 4-bits subband CQI, e.g., based on Case 1-8 as described in [6].  In this scheme, the UE measures and reports the 4-bits subband CQI(s) to gNB every K TTIs.  Similar to Scheme 1, K is set to 5 in the simulations.  The gNB, after receiving the subband CQI(s), converts the CQI(s) to SINR(s) and selects the highest SINR as the predicted SINR for MCS selection: 
, where SINRmeasured_best is the highest SINR among the ones converted from the received CQI(s), SINRpredict is the predicted SINR for MCS selection
The CQI delay is set to 4 TTIs in the simulations.
Scheme 3: This is similar to Scheme 2 utilizing 4-bits subband CQI, except that the eNB, after receiving the subband CQI(s), converts the CQI(s) to SINR(s) and selects the lowest SINR as the predicted SINR for MCS selection: 
, where SINRmeasured_worst is the lowest SINR among the ones converted from the received CQI(s), SINRpredict is the predicted SINR for MCS selection
The CQI delay is set to 4 TTIs in the simulations.
Scheme 4: Enhanced scheme utilizing delta-MCS, e.g., based on Case 2-3 as described in [6].  In this scheme, the UE measures and reports CQI to gNB every K TTIs.  Similar to the previous schemes, K is set to 5.  For each TB reception on PDSCH with MCS index IMCS, the UE also estimates the IMCS_tgt, 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.  The UE calculates and reports delta-MCS to gNB, where delta-MCS = IMCS_tgt - IMCS.  In the simulations, the delta-MCS is reported using one bit [11], indicating whether the delta-MCS is less than 0 or not. The gNB, after receiving the delta-MCS, applies OLLA and derives a predicted SINR for MCS selection:
If NACK (e.g., TB reception is in error) or delta-MCS < 0, the SINR adjustment is step bias down by a SINR down step size (e.g., 0.5 dB [11]).
Else the SINR adjustment is step bias up by a SINR up step size (e.g., 0.005 dB).
, where SINRmeasured is the SINR converted from the received CQI, SINRpredict is the predicted SINR for MCS selection, and  is the open-loop SINR adjustment obtained from the previous step.
The CQI delay is set to 4 TTIs in the simulations.

Please note again the following mapping of different schemes to different cases as described in [6]:
Scheme 2 corresponds to Case 1-8 with scheduling based on the best subband CQI
Scheme 3 corresponds to Case 1-8 with scheduling based on the worst subband CQI
Scheme 4 corresponds to Case 2-3

Simulation results
The simulation assumptions follow the ones defined in RAN1#102-e and can be found in the Appendix.  We look at the performance of Schemes 1 to 4.    
[bookmark: _Hlk78366298][bookmark: _Hlk71281196]Figure 1 illustrates the percentage of UEs satisfying reliability and latency requirements (Reliability: 99.999%, Latency: 4 ms).  As shown in Figure 1, the percentage of satisfied UEs for the baseline scheme, the enhanced scheme with 4-bits subband CQI with scheduling based on the worst subband CQI (e.g., shown in Figure 1 as “Enh. with 4-bits CQI, lowest SINR”), the enhanced scheme with 4-bits subband CQI with scheduling based on the best subband CQI (e.g., shown in Figure 1 as “Enh. with 4-bits CQI, highest SINR”), the enhanced scheme with delta-MCS are 48.2%, 76.4%, 54.2%, and 25.3%, respectively.  The enhanced scheme with 4-bits subband CQI with scheduling based on the worst subband CQI has the highest percentage of satisfied UEs among the four schemes, with a gain of 58.5% over the baseline scheme.  The enhanced scheme with 4-bits subband CQI with scheduling based on the best subband CQI performs worse than the one based on the worst subband CQI, with a gain of 12.4% over the baseline scheme.  On the other hand, the enhanced scheme with delta-MCS has a performance loss of 47.5% compared with the baseline scheme.  Table 1 tabulates the percentage of satisfied UEs for the four schemes and their relative gain/loss over the baseline scheme.  Note that in [10] we also presented simulation results for several other schemes, and one of them is the CSI enhanced scheme with new reporting quantity of interference statistics (e.g., Case 1-3).  In [10], it was shown that the enhanced scheme utilizing interference statistics has the best performance with the percentage of satisfied UEs being 90%, which is better than the enhanced scheme with 4-bits subband CQI with scheduling based on the worst subband CQI.  However, as a compromise, we can support CSI enhanced scheme with 4-bits subband CQI in Rel-17 for the sake of progress.  
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[bookmark: _Ref68209438][bookmark: _Hlk78364803]Figure 1. Percentage of UEs satisfying reliability and latency requirements
[bookmark: _Ref68210148]Table 1: Percentage of Satisfied UEs
	Schemes
	Percentage of Satisfied UEs
	Gain/Loss over Baseline

	Baseline 
	48.2%
	-

	Enhanced with 4-bits CQI, lowest SINR 
	76.4%
	58.5%

	Enhanced with 4-bits CQI, highest SINR
	54.2%
	12.4%

	Enhanced with Delta-MCS
	25.3%
	-47.5%



The reason why the enhanced scheme with delta-MCS performs much worse than the baseline scheme is as follows.  The delta-MCS only represents a snapshot of the channel and interference status at the PDSCH reception time, it gives little information about the interference at future PDSCH reception time due to the dynamic and unpredictable nature of interference.  Therefore the delta-MCS cannot help the OLLA capture the variation of the interference.  Figure 2 shows one sample of delta-MCS vs. time for a UE.  As illustrated in Figure 2, the delta-MCS varies significantly over the scheduled TTIs, indicating that the delta-MCS is not able to help the OLLA capture the variation of the interference.  Figure 3 shows CDF of delta-MCS of all the UEs.  As illustrated in Figure 3, only about 44% of all the delta-MCS is zero.  In other words, only about 44% of the scheduled MCS match the channel and interference status at the PDSCH reception time.  About 56% of the delta-MCS is either larger than zero or less than zero.  Out of the case of “larger than zero” and the case of “less than zero”, the case of delta-MCS less than zero is more detrimental as it indicates that the scheduled MCS is more aggressive than the channel and interference status allow, making it highly probable for a TB to be received in error.  As illustrated in Figure 3, about 8% of the delta-MCS is less than zero.  With this relatively high percentage of aggressive scheduling, the percentage of UEs satisfying reliability and latency requirements will be low.  
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[bookmark: _Ref78362702]Figure 2. Sample of delta-MCS vs. time
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[bookmark: _Ref78363472]Figure 3. CDF of delta-MCS
The reason why the enhanced scheme with 4-bits subband CQI with scheduling based on the worst subband CQI (Scheme 3) performs better than that based on the best subband CQI (Scheme 2) is as follows.  Since the interference varies significantly, the best subband CQI most likely will not remain the same at the PDSCH reception time, therefore scheduling based on the best subband CQI could be too aggressive.  Scheme 3, on the other hand, uses the worst subband CQI in scheduling, which is more conservative and provides higher reliability in PDSCH reception, therefore resulting in better performance.
Figure 4 illustrates the resource utilization level of different schemes.  As shown in Figure 4, the resource utilization level for the baseline scheme, the enhanced scheme with 4-bits subband CQI with scheduling based on the worst subband CQI (e.g., shown in Figure 4 as “Enh. with 4-bits CQI, lowest SINR”), the enhanced scheme with 4-bits subband CQI with scheduling based on the best subband CQI (e.g., shown in Figure 4 as “Enh. with 4-bits CQI, highest SINR”), the enhanced scheme with delta-MCS are 71%, 31%, 51%, and 93%, respectively.  Table 2 lists the resource utilization (RU) levels of the four schemes.  It is observed that among the four schemes, Scheme 3 (the enhanced scheme with 4-bits subband CQI with scheduling based on the worst subband CQI) has the lowest RU level while achieving the highest percentage of satisfied UEs, whereas the enhanced scheme with delta-MCS has the highest RU level with the lowest percentage of satisfied UEs. 
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[bookmark: _Ref71284543]Figure 4. Resource utilization level

[bookmark: _Ref68251272] Table 2: Resource Utilization Level
	Schemes
	RU Level

	Baseline 
	71%

	Enhanced with 4-bits CQI, lowest SINR 
	31%

	Enhanced with 4-bits CQI, highest SINR 
	51%

	Enhanced with Delta-MCS
	93%



Based on the simulation results and the above analysis, we have the following observation and proposal:
Observation 1: The CSI enhanced scheme with 4-bits subband CQI with scheduling based on the worst subband CQI performs better than the baseline scheme and the enhanced scheme with new reporting quantity of delta-MCS while having the lowest resource utilization level.
[bookmark: _Hlk78444199]Proposal 1: NR_IIOT_URLLC_enh supports CSI enhanced scheme with 4-bits subband CQI and does not support CSI enhanced scheme with new reporting quantity of delta-MCS.

Conclusions
In this contribution, we present our views on channel/interference measurement for new CSI reporting.  Based on the discussions in the previous sections, we have the following observation and proposals: 
Observation 1: The CSI enhanced scheme with 4-bits subband CQI with scheduling based on the worst subband CQI performs better than the baseline scheme and the enhanced scheme with new reporting quantity of delta-MCS while having the lowest resource utilization level.
Proposal 1: NR_IIOT_URLLC_enh supports CSI enhanced scheme with 4-bits subband CQI and does not support CSI enhanced scheme with new reporting quantity of delta-MCS.
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[bookmark: _Ref52888036]Appendix
Table A - 1: Simulation assumptions 
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	8 Tx antenna ports 
[bookmark: OLE_LINK36](M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4) 
dH = 0.5λ, dV = 0.8λ;

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

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

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi 

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC 

	Simulation bandwidth 
	FDD 40 MHz 

	SCS 
	30 kHz

	Channel estimation
	Realistic

	Number of UEs per cell
	20 

	UE distribution 
	80% of users are outdoors and 20% of users are indoors 
Indoor penetration loss is modelled according to low loss model 

	Traffic mode
	FTP model 3 (100 packets/s), 200bytes/packet
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