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In the RAN1 #104-e meeting, several schemes for the CSI feedback enhancements were discussed and the following conclusion was reached [1].
	Conclusion: Continue evaluation of new reporting Case 1 and Case 2 for the schemes identified in Appendix B of R1-2102131. 
· Companies are encouraged to provide their views on each scheme against each criterion in respective Tables in Appendix B. 
· Companies are encouraged to provide additional evaluation results for as many schemes as possible, based on assumptions agreed in RAN1#102-e.
Aim for down-selection at RAN1#104-b-e by taking into account evaluation results and assessment against criteria from Appendix B.


In this contribution, these schemes are discussed and corresponding simulation results are also provided. In addition, A-CSI on PUCCH is also discussed. 
Evaluation of CSI feedback enhancement
Evaluation results for A-CSI on PUCCH and CSI feedback in Rel-16
To move forward the standardization progress [2], it is suggested that A-CSI on PUCCH triggered by DL DCI can be compared with P-CSI on PUCCH, SP-CSI on PUCCH and A-CSI on PUSCH, where the latter three CSI feedback modes have already been supported in the Rel-16. Therefore, the performance of these four types of CSI feedback are evaluated below.
· Case 0-1: P-CSI on PUCCH (supported in Rel-16)
· Case 0-2: SP-CSI on PUCCH (supported in Rel-16)
· Case 0-3: A-CSI on PUSCH (supported in Rel-16)
· Case 0-4: A-CSI on PUCCH triggered by DL grant
The detailed simulation results are shown in Table 1.
Table 1 The simulation results in R15 AR/VR scenario
	[bookmark: OLE_LINK9] Cases       Metrics   
	Percentage
(%)
	BLER of 1st
	RU
(%)
	RU for retransmission (%)
	MCS Predict too large ratio (%)
	Report quantity
	CSI-RS overhead

	[bookmark: OLE_LINK14]Case 0-1
	29.52
	0.4750
	3.52
	1.59
	73.24
	WB {PMI, CQI}+RI
	P CSI-RS with period of 10 slots

	[bookmark: OLE_LINK16]Case 0-2
	49.52
	0.1692
	1.88
	0.34
	29.73
	SB {PMI, CQI}+RI
	P CSI-RS with period of 10 slots

	Case 0-3 WB
	30.00
	0.4574
	4.74
	1.97
	68.07
	[bookmark: OLE_LINK11]WB {PMI, CQI}+RI
	A CSI-RS at each PDSCH scheduling

	Case 0-3 SB
	52.86
	0.1514
	3.09
	0.44
	28.91
	SB {PMI, CQI}+RI
	A CSI-RS at each PDSCH scheduling

	Case 0-4 WB
	37.14
	0.3216
	3.88
	1.32
	65.14
	WB {PMI, CQI}+RI
	A CSI-RS at each PDSCH scheduling

	Case 0-4 SB
	66.67
	0.0943
	2.89
	0.27
	26.50
	SB {PMI, CQI}+RI
	A CSI-RS at each PDSCH scheduling


Case 0-1 is P-CSI feedback with Wideband CSI report, Case 0-2 is SP-CSI feedback with Subband CSI report. These two cases are used as the baseline cases for WB performance comparison and SB performance comparison separately.
Compared with Case 0-1, A-CSI feedback have better performance than P-CSI feedback case in both Case 0-3 WB and Case 0-4 WB. The performance of Case 0-4 WB is increased by a maximum of 26% compared with Case 0-1 in terms of percentage of UEs satisfying the requirements, at the meanwhile, the BLER of 1st, RU, RU for retransmission and MCS Predict too large ratio are all decreased. 
Similarly, compared with Case 0-2, A-CSI feedback have better performance than SP-CSI feedback case in both Case 0-3 SB and Case 0-4 SB. The performance of Case 0-4 SB is increased by a maximum of 35% compared with Case 0-2 in terms of percentage of UEs satisfying the requirements, at the meanwhile, the BLER of 1st, RU, RU for retransmission and MCS Predict too large ratio are all decreased. 
A-CSI on PUSCH is triggered by UL Grant, while A-CSI on PUCCH is triggered by DL Grant. Therefor A-CSI on PUSCH needs additional PDCCH overhead, which will increase the RU and at the same time bring more interference. So it is observed that A-CSI on PUCCH has better performance than A-CSI on PUSCH. Due to more flexible CSI feedback, both A-CSI on PUSCH and A-CSI on PUCCH have better performance than P/SP-CSI on PUCCH. 
Observation 1: A-CSI on PUCCH has better performance than A-CSI on PUSCH and P/SP-CSI.
Evaluation results for Case-1 report
For Case-1 new reporting, two feedback modes are evaluated. The specific simulation cases are as follows:
Case 1-1: Traditional feedback quantities such as CQI and PMI are reported. The feedback CQI is controlled only by interference filtering operation. For gNB to obtain conservative CQI dynamically, here the interference filtering operation is configured to get the maximum value of interference samples measured in multiple IMR occasions.  
Case 1-2: In addition to the PMI feedback, some statistical features of the CQI, such as the average CQI and the CQI standard deviation are reported. Then gNB estimates the predict CQI as: Predict CQI = mean(CQI)-std(CQI).
To compare the performance of the two Case-1 new reporting, we use Case 0-1 and Case 0-2 as the baseline for comparison.
Table 2 The simulation results for Case-1 reports in R15 AR/VR scenario
	 Cases      Metrics     
	Percentage
(%)
	BLER of 1st
	RU
(%)
	RU for retransmission (%)
	MCS Predict too large ratio (%)
	Report quantity
	CSI-RS
 overhead

	[bookmark: OLE_LINK12]Case 0-1
	29.52
	0.4750
	3.52
	1.59
	73.24
	WB {PMI, CQI}+RI
	P CSI-RS with period of 10 slots

	Case 0-2
	49.52
	0.1692
	1.88
	0.34
	29.73
	SB {PMI, CQI}+RI
	[bookmark: OLE_LINK21]P CSI-RS with period of 10 slots

	Case 1-1 WB
	48.58
	0.2369
	3.80
	0.81
	41.97
	WB {PMI, min(CQI)}+RI
	P CSI-RS with period of 10 slots

	Case 1-1 SB
	57.62
	0.1239
	2.25
	0.30
	22.97
	SB {PMI, min(CQI)}+RI
	P CSI-RS with period of 10 slots

	Case 1-2 WB
	30.48
	0.3277
	3.63
	1.13
	55.12
	[bookmark: OLE_LINK5]WB { PMI, mean(CQI), std(CQI)}+RI
	P CSI-RS with period of 10 slots

	Case 1-2 SB
	30.95
	0.2650
	2.87
	0.85
	47.77
	SB { PMI, mean(CQI), std(CQI)}+RI
	P CSI-RS with period of 10 slots


According to the simulation results, Case 1-1 has a slight performance gain on percentage of satisfied UEs compared with baseline case. Because the CQI reported in the Case 1-1 reflects the maximum interference sample within the filtering window such that the gNB can obtain the adaptive conservative CQI that matches the dynamic interference jitter. In this case, it has a slight performance gain. However Case 1-2 has no performance gain compared with baseline case. It seems that predicting the MCS based on the statistical features need further study to achieve the performance gain. 
Therefore, for Case-1 new reporting, we suggest that the gNB can configure the interference measurement filter in order to obtain the required CQI feedback. For instance, when the gNB needs to obtain the conservative CQI, gNB can configure the UE to feed back the CQI calculated based on the maximum interference sample within the filter window but the feedback structure itself needn’t change.
Observation 2: For Case-1 new reporting, configuring interference measurement filtering is a better candidate to achieve performance gain on percentage of satisfied UEs, no additional report quantity is needed.
Evaluation results for Case-2 report
For Case-2 new reporting, the following candidates are discussed:
· Decoding margin
· Block error probability
· (Delta) CQI/MCS/SINR
· HARQ redundancy version sequence
· Reason for NACK
· Number of NACK values
We have conducted simulations focusing on specific feedback modes based on the decoding margin report and (delta) CQI/MCS/SINR rep since they are have the most proponents. The simulation cases are listed as follows:
Case 2-1: For PDSCH NACK case, UE feedbacks multi-NACK as delta SINR, which is quantized as 3-bit feedback overhead. Additional OLLA enhancement is introduced.
Case 2-2: For PDSCH NACK case, UE feedbacks multi-NACK as delta MCS, which is quantized as 3-bit feedback overhead. Additional OLLA enhancement is introduced. 
Case 2-3: For PDSCH ACK case, UE feedbacks multi-ACK as delta SINR, which is quantized as 3-bit feedback overhead. Additional OLLA enhancement is introduced.
To compare the performance of the three Case-2 reports, we also use Case 0-1 and Case 0-2 as the baseline for comparison. The detailed simulation results are shown as Table 3.
Table 3 The simulation results for Case-2 reports in R15 AR/VR scenario
	Metrics
Cases      
	Percentage
(%)
	BLER of 1st
	RU
(%)
	RU for retransmission (%)
	MCS Predict too large ratio (%)
	OLLA Enhancement

	Case 0-1
	29.52
	0.4750
	3.52
	1.59
	73.24
	Without

	Case 0-2
	49.52
	0.1692
	1.88
	0.34
	29.73
	Without

	Case 2-1
	93.81
	0.0054
	33.04
	0.06
	1.08
	With

	Case 2-2
	60.48
	0.1721
	1.92
	0.37
	21.48
	With

	Case 2-3
	61.43
	0.1111
	2.32
	0.27
	20.65
	With


According to the simulation results, it is observed that Case 2-1, Case 2-2 and Case 2-3 can obtain performance gain on percentage of satisfied UEs compared with the baseline Case. Especially for Case 2-1, it can significantly improve percentage of satisfied UEs and greatly reduce the BLER of 1st, as well as the usage of RU for retransmission. Case 2-1 greatly improves the performance, while the cost is the much usage of RU, mainly because MCS prediction is conservative and more precise for enhanced OLLA.
In conclusion, to improve the reliability of URLLC PDSCH transmission, Case 2-1, Case 2-2 and Case 2-3 from scheme 2a-1 are good candidates, among which Case 2-1(multi-NACK as delta SINR) is the most effective one.
Observation 3: Scheme 2a-1 of Case-2 new reporting can obtain obvious reliability gain compared with Rel-16 CSI report.
Analysis on CSI feedback enhancement
Discussion on case 1 report
In RAN1#104-e, several schemes were discussed for the CSI feedback enhancement. For Case-1, measurement is based on CSI-RS/CSI-IM resource. According to [3], different report quantities correspond to different CSI feedback overhead and lead to different CSI processing latency. To introduce new feedback quantity, such as directly feedback the interference value, the interference statistical information and the channel statistical information mentioned by some companies, it is necessary to define new CSI feedback overhead and new CSI processing latency according to the feedback quantization, which needs more standardization effort and requires very fine and abundant simulation comparison. Furthermore, from the simulation results in section 2.2, the performance gain obtained from the statistical information feedback is not clear.
In the URLLC scenario, interference jitter is the main reason for the reliability degradation. If interference jitter can be reflected better by advanced CSI feedback or if the CSI feedback by the UE has greater tolerance for interference jitter, the negative impact of interference jitter will be greatly reduced. A relatively simple way is to enhance the filtering mechanism for interference or channel measurement. 
Currently, the network can configure filtering on/off for both interference measurement and channel measurement in Rel-16. In the case of filtering off, the UE measures the channel/interference according to the last available resource occasion. However, in the case of filtering on, L1 filtering is up to UE implementation. If network can explicitly configure the channel/interference filtering to the UE, interference jitter can be reflected in the CSI feedback very well. For example, the network configure the number of the occasion participating in the L1 filtering or the conditions for the UE to choose the resource occasions participating in the L1 filtering. Alternatively, the network configures the UE to use the worst interference (e.g., the highest interference measurement result) within the L1 filtering window to obtain the CQI. The simulation results in section 2.2 proves that using the maximum interference occasion within the period for filtering can achieve additional performance gain. 
Observation 4: CSI report based on the worst interference can reflect the interference jitter very well so that the network scheduling has a greater tolerance for the interference jitter to ensure the requirements of URLLC, which has been justified by the provided simulation results.
It may be argued that network can perform conservative scheduling without the proposed solution if required. However, it should be noted that the objective of the CSI feedback enhancement is to get the more accurate MCS selection. It means both too high MCS and too low MCS should be avoided. Without the proposed information report, the conservative scheduling may lead to too low MCS since the network has to schedule the PDSCH as conservative as possible to satisfy the requirements of URLLC. In this case, the resource efficiency may be reduced.
Observation 5: Current conservative scheduling by the network may lead to too low MCS.
Proposal 1: Enhancement on interference filtering configuration should be supported, e.g. CSI report based on the worst interference.
Discussion on case 2 report
For Case-2 report, the measurement is based on the PDSCH decoding. More information are feedback together with the HARQ-ACK for OLLA performed at the network side. With such information, the network can adjust the MCS more efficiently than the traditional OLLA based on HARQ-ACK only. If the NACK happens, the corresponding retransmission must be decoded successfully due to the high requirement of URLLC. It means that the network should scheduling the retransmission more carefully. In this case, the additional information feedback can help the network perform more accurate scheduling. If the ACK happens, the traditional OLLA based on ACK feedback is sufficient. The additional report in case of NACK is more important. Therefore, the multi-level NACK feedback is slightly preferred. It is based on Delta SINR obtained through PDSCH decoding, and Delta SINR = Target SINR - Effective SINR. 
In the simulation above, the Delta SINR is quantized as 3 bits, so the feedback overhead is only 3 bits. According to our simulation results in section 2.3, when the OLLA operation is further optimized based on Delta SINR, the system performance is greatly improved compared with other cases. In addition, the feedback overhead is very small. Compared with Case-1 solutions, the feedback resource can be greatly saved. Therefore, we believe that this feedback method with measurement based on PDSCH can be supported and further investigated.
Proposal 2: Support new report of Case-2 in Rel-17, such as multi-level NACK feedback, which is based on Delta SINR obtained through PDSCH decoding.
Discussion on the A-CSI on PUCCH
Support of A-CSI on PUCCH
Aperiodic CSI report on PUSCH has been supported in Rel-16. According to the simulation results in section 2.1, supporting A-CSI report on PUCCH can bring obvious gain and avoid the UL Grant overhead caused by triggering A-CSI report on PUSCH. Therefore, Rel-17 should support A-CSI report on PUCCH.
Proposal 3: Support A-CSI on PUCCH in Rel-17.
PUCCH trigger mechanism
The following alternatives can be considered as A-CSI triggering mechanism:
· Alt 1：Triggering by a new ‘CSI Request’ field in DL grant
· Alt 2：Triggering by some existing field in DL grant
· Alt 3：Triggering by group-common DCI
· Alt 4：Triggering by NACK
We evaluated the traditional UL Grant triggering, DL Grant triggering in section 2.1, and the NACK triggering in section 2.3. UL Grant triggering needs additional UL Grant overhead, which is prone to PDCCH blocking under high load case. Therefore, DL Grant triggering should be supported as a basic enhancement mode in Rel-17.
Alt 1 is the simplest way by copying the 'CSI Request' field in UL Grant into DL grant. 'CSI Request' field can indicate a specific trigger state value. gNB configures the associated CSI report configuration(s) and CSI-RS/CSI-IM resources for each trigger state value. In this way, the gNB can trigger A-CSI feedback dynamically and flexibly on demand.
It is convenient to use existing field in DL grant to indicate whether or not to trigger A-CSI feedback for Alt 2. However, it is difficult to find an existing field in DL grant to further instruct CSI report configuration and CSI-RS/CSI-IM resource. Therefore, for Alt 2, CSI report configuration and CSI-RS/CSI-IM resource should be simplified. For example, the gNB can semi-statically configure a specific CSI report configuration and CSI-RS/CSI-IM resource for the enhanced A-CSI feedback, and only use the existing field in DL grant to indicate whether or not to trigger the configured A-CSI feedback. In a word, this way is more like the A-CSI feedback triggering mode that has been abridged. If there is no need to consider too many options for CSI report configuration and CSI-RS/CSI-IM Resource, this method is also feasible.
Alt 3 seems more resource efficient since the group-common DCI could trigger more than one UEs to report A-CSI. However, it is most likely that the packet arrival for different UEs is not synchronous, and hence it is unnecessary to trigger multiple UEs to feedback A-CSI at the same time. For each triggering, only a few bits are actually used to trigger A-CSI for each UE, which makes the resource of group-common DCI inefficient in case that few UEs can be grouped together. 
For Alt 4, the performance in section 2.3 is pretty good. For the case of Delta SINR feedback and with OLLA enhancement, Alt 4 has the best performance in terms of percentage of satisfied UEs. 
Furthermore, Alt 4 can be enabled or disabled by gNB dynamically or semi-statically through DL grant or RRC configuration, so that the gNB can control PUCCH feedback resource overhead better.
Proposal 4: Support both DL grant based A-CSI triggering and NACK based A-CSI triggering in Rel-17.
PUCCH resource
There are two alternatives to be considered for PUCCH resource determination:
· Alt 1：Multiplexing A-CSI and HARQ-ACK on the same PUCCH resource
· Alt 2：Feedback A-CSI on a PUCCH resource independent of HARQ-ACK 
According to the CSI computation delay requirement Z/Z’ and HARQ-ACK processing delay requirement Tproc,1 defined in [4]. In most cases, Z/Z’ is obviously larger than Tproc,1. Therefore, for CSI feedback based on CSI-RS/CSI-IM resource measurement, to avoid the extra delay of HARQ-ACK feedback, only Alt 2 can be used. 
For the CSI feedback based on PDSCH measurement, both Alt 1 and Alt 2 can support, Alt 1 is preferred. No matter Alt 1 or Alt 2, the gNB needs to firstly demodulate the HARQ-ACK feedback, and then decide whether to receive the A-CSI feedback according to the HARQ-ACK feedback content. Therefore, if Alt 1 is used, HARQ-ACK and A-CSI carried on the same PUCCH resource should be coded separately.
The advantage of Alt 1 is that it is not necessary to separately indicate the A-CSI PUCCH resource. It is possible to multiplex the HARQ-ACK and A-CSI report in the same PUCCH resource based on the existing PRI and K1. The PUCCH resource may carry HARQ-ACK feedback only or both HARQ-ACK feedback and A-CSI feedback. Therefore, the PUCCH format and PUCCH resource size should be carefully configured to meet the requirements for the two load cases.
The advantage of Alt 2 is that HARQ-ACK PUCCH resource and A-CSI PUCCH resource can be configured independently. But the disadvantage is that additional overhead to indicate the UE the A-CSI PUCCH resource.
Based on the above analysis, we believe that both of Alt 1 and Alt 2 should be further studied.
Proposal 5: It needs to further study whether the A-CSI should be transmitted in the same PUCCH carrying HARQ-ACK.
PUCCH priority
For P/SP-CSI on PUCCH, following the principle in Rel-16, which is only supporting priority index 0 is enough.
Considering the potential conflict between multiple PUCCHs or PUCCH and PUSCH, it is necessary to determine the priority for A-CSI on PUCCH. For A-CSI on PUCCH, the A-CSI feedback priority can be associated with the HARQ-ACK feedback priority. When scheduling the PDSCH by a DL grant, the PI field in the DL grant can also be used to indicate the priority of the A-CSI feedback triggered by this DL grant or the corresponding NACK.  
Proposal 6: Only priority index 0 is applicable to P/SP-CSI on PUCCH.
Proposal 7: The A-CSI on PUCCH priority can be indicated by the PI field in the DL grant.
Conclusion
According to the analysis above, we have the following observations and proposals:
Observation 1: A-CSI on PUCCH has better performance than A-CSI on PUSCH and P/SP-CSI.
Observation 2: For Case-1 new reporting, configuring interference measurement filtering is a better candidate to achieve performance gain on percentage of satisfied UEs, no additional report quantity is needed.
Observation 3: Scheme 2a-1 of Case-2 new reporting can obtain obvious reliability gain compared with Rel-16 CSI report.
Observation 4: CSI report based on the worst interference can reflect the interference jitter very well so that the network scheduling has a greater tolerance for the interference jitter to ensure the requirements of URLLC, which has been justified by the provided simulation results.
Observation 5: Current conservative scheduling by the network may lead to too low MCS.
Proposal 1: Enhancement on interference filtering configuration should be supported, e.g. CSI report based on the worst interference.
Proposal 2: Support new report of Case-2 in Rel-17, such as multi-level NACK feedback, which is based on Delta SINR obtained through PDSCH decoding.
Proposal 3: Support A-CSI on PUCCH in Rel-17.
Proposal 4: Support both DL grant based A-CSI triggering and NACK based A-CSI triggering in Rel-17.
Proposal 5: It needs to further study whether the A-CSI should be transmitted in the same PUCCH carrying HARQ-ACK.
Proposal 6: Only priority index 0 is applicable to P/SP-CSI on PUCCH.
Proposal 7: The A-CSI on PUCCH priority can be indicated by the PI field in the DL grant.
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Appendix System Level evaluation assumptions
Table 1: 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)


[bookmark: _GoBack]


9/9
