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Introduction
[bookmark: OLE_LINK4]In the RAN1#102-e meeting, the following agreements on CSI feedback enhancement for eURLLC were reached [1]. 
	Agreements:
· CSI feedback enhancement for Multi-TRP transmission is not to be discussed further under IIoT/URLLC enhancement WI
Agreements:
· Baseline assumptions are used as the required minimum to be simulated for the evaluation of candidate CSI enhancement schemes
· Reuse the assumptions in TR 38.824 and TR 38.901 as a starting point
· Companies shall report additional parameters (e.g., CSI measurement settings, CSI reporting schemes) used in their evaluation
· FFS details of baseline assumptions
· Companies can bring additional simulation results with other set(s) of assumptions
Agreements:
· Study/evaluate further on following CSI enhancement schemes in terms of technical benefit, specification and implementation impacts.
· New triggering methods for A-CSI and/or SRS
· New reporting based on one or more of the following:
· Case 1: channel/interference measurement for new CSI reporting, considering aspects such as one or more of the following:
· Reporting more accurate interference characteristics
· Reduced CSI feedback overhead (e.g., reporting interference measurement only)
· Enhanced CSI reporting such as WB/SB CQI
· Case 2: other measurement (other than channel/interference) for additional information
· E.g., PDCCH/PDSCH decoding, recommended HARQ RV sequence, etc.
· It targets to help gNB scheduler for better link adaptation of (re)transmission 
· [Reduced CSI computation time/complexity]
· [CSI feedback for PDCCH]  
· Other CSI enhancement schemes that enable accurate MCS selection are not precluded
· Detailed assumptions of the proposed CSI enhancement schemes should be provided by the proponent, such as
· Reporting values
· Triggering conditions for the reporting
· Associated measurement resource
· Uplink resource to be used for the reporting
· How to use the reported information at the gNB scheduler
· CSI-RS overhead and CSI reporting frequency 
· CSI reporting latency/timeline
· Etc.
      Agreements:
· Consider Table 1 as baseline assumption for system level simulation for evaluating CSI enhancement schemes 
· The uses cases in Table 1 is for simulation purposes and it does not preclude a CSI enhancement scheme which is beneficial for the other URLLC use cases
· No baseline assumption is used for link level simulation 
Companies are encouraged to use one of LLS assumption tables in Section A.3 in TR38.824 for any link level simulation
Table 1. Baseline SLS assumption for CSI enhancement schemes in URLLC/IIoT
	Parameters
	Values

	Performance metric
	Option-1 (section 5.1 of TR 38.824)

Additional metrics (it is up to company to bring results with additional metric):
· MCS prediction error (e.g., difference of a scheduled MCS and an ideal MCS)
· DL/UL signaling overhead
· CCDF of latency samples from all UEs
· BLER of 1st transmission
· Resource utilization
· Spectral efficiency

	Use cases
	Following two use cases can be considered for new triggering method and new reporting. Companies are encouraged to evaluate the following cases in descending priority:
· Rel-15 enabled use case (e.g. AR/VR) in TR 38.824 
· Reliability: 99.999
· Latency: 4ms (200bytes)
· Traffic mode: FTP model 3 (100p/s)
· Factory automation in TR 38.824 
· Reliability: 99.9999
· Latency: 1ms (32bytes)
· Traffic mode: Periodic deterministic traffic model with arrival interval 2ms
· Rel-15 enabled use case (e.g. AR/VR) in TR 38.824 
· Reliability: 99.999
· Latency: 1ms (32bytes)
· Traffic mode: FTP model 3 (100p/s)
· Assumptions for eMBB and URLLC UEs sharing the same carrier is used (as in A2.5 of TR 38.824)

	Simulation assumptions
	Following simulation assumption is used based on the use case selected:
· Rel-15 enabled use case with UMa (Table A.2.4-1 in TR 38.824)
· Factory automation at 4GHz (Table A.2.2-1 in TR38.824) with following update: 
· Channel model is replaced with InF (InF-DH) in TR 38.901 
· Companies can bring results with other InF scenarios additionally
· Layout is replaced with BS deployment in Table 7.8-7 in TR 38.901

	Transmission scheme
	Multiple antenna ports Tx scheme
· Companies report the details of Tx scheme used





[bookmark: OLE_LINK3]
In this contribution, we discuss: 1) Some issues marked with square brackets in the agreements need clarification whether they are excluding or still pending. 2) Some system level evaluation results are provided in section 3, with the performance comparison of different triggering mechanisms and CSI report types. 3) Some further analysis about the key issues, such as triggering mechanism, feedback resource, new CSI report types, and priority determination are also provided in section 4. 
Views on issues with square brackets
Issue #3-3: CSI feedback for PDCCH enhancement
Issue #1-5: Reduction of CSI computation time
From the online discussion in RAN1#102-e, obviously, most of companies support to exclude the issue #3-3 as the issue is out of scope of this WID. 
For issue #1-5, there is controversial discussion in the last meeting, considering this issue relates to new CSI report mechanism. For example, when the measured CSI report is based on PDSCH, it is not necessary to reduce the CSI computation time because it will be small. However, when the measured CSI report is based on CSI-RS, it is necessary to reduce the CSI computation time in order to feed back the CSI report faster, and have the opportunity to share the same PUCCH with HARQ-ACK. In our view, it can be merged into new report type issue.
Proposal 1: Issue #3-3 can be excluded from Rel-17 URLLC enhancement. And Issue #1-5 can be merged into new CSI report issue.
System-level evaluation
3.1 Evaluation results
Different triggering mechanisms and different A-CSI report types are compared in our simulation. Specifically, the following cases are evaluated:
Table 1 The simulation cases
	Features
Cases
	A-CSI triggering 
	Measurement
	Report type
	OLLA enhancement

	Case 0
	UL Grant triggering
	Based on A-CSI RS Resource
	PMI/CQI
	without

	Case 1
	DL Grant triggering
	Based on A-CSI RS Resource
	PMI/CQI
	without

	Case 2-1
	NACK triggering
	Based on PDSCH
	Delta SINR
	with

	Case 2-2
	NACK triggering
	Based on PDSCH
	Delta SINR
	without

	Case 2-3
	NACK triggering
	Based on A-CSI RS Resource
	PMI/CQI
	without



For Case 0 and Case 1, Subband A-CSI feedback and Wideband A-CSI feedback correspond to different feedback overhead and processing delay. So two separate case–a and case–b are evaluated under both Case 0 and Case 1:
· -a: UE feeds back Subband A-CSI, the A-CSI processing delay complies with  of table 5.4-2 in [2] 
· -b: UE feeds back Wideband A-CSI, the A-CSI processing delay complies with  of table 5.4-2 in [2] 
For Factory automation scenario, the simulation results are shown in Table 2.
Table 2 The simulation results in Factory automation scenario
	[bookmark: OLE_LINK9] Cases          Metrics
	Percentage
(%)
	RU
(%)
	MCS prediction too large ratio (%)
	A-CSI overhead

	Case 0-a
	86.67
	1.59
	1.17
	CQI: 4 bits
PMI: 5 bits
Total overhead: 9 bits

	Case 0-b
	90.00
	1.66
	1.00
	CQI: 28 bits
PMI: 27 bits
Total overhead: 55 bits

	Case 1-a
	84.44
	1.38
	1.16
	[bookmark: OLE_LINK5]Same as Case 0-a

	Case 1-b
	86.11
	1.41
	1.03
	Same as Case 0-b

	Case 2-1
	96.11
	1.51
	0.40
	3 bits

	Case 2-2
	86.67
	1.41
	0.94
	3 bits

	Case 2-3
	86.11
	1.41
	1.02
	Same as Case 0-b


[bookmark: OLE_LINK10]Note: ‘MCS prediction too large ratio’ is the ratio of number of estimated MCS beyond the ideal MCS. 
Derived from the results of table 2, the performance of percentage is very close between Case 0-a/b and Case 1-a/b. But for the efficiency of RU, it is obvious that the RU of Case 0-a/b is about 15% higher than that of Case 1-a/b. This is because Case 0-a/b have additional UL grant overhead for triggering A-CSI, while Case 1-a/b do not have this overhead. In the simulation, the PDCCH overhead is modeled as follows: if only DL grant overhead exists, the length of PDCCH duration is 1 symbol. If both DL grant and UL grant overheads exist, the length of PDCCH duration is 2 symbols.
Observation 1: Compared with DL grant triggering, UL grant triggering leads to additional resource overhead.
The performance of percentage of Case 2-1 is obviously better than that of Case 0-a/b and Case 1-a/b. In addition, the MCS Predict too large ratio is much lower than that of Case 0-a/b and Case 1-a/b, i.e., Case 2-1 is more conservative on MCS selection, so Case 2-1 facilitates link adaptation and gNB can determine MCS more reliably. At the same time, the feedback overhead of Case 2-1 is the smallest one compared with that of Case 0-a/b and Case 1-a/b. 
The performance of percentage of Case 2-2 is the same as that as Case 0-a, but the RU is about 20% lower than that of Case 0-a. The feedback overhead is also lower than that of Case 0-a. 
The performance of Case 2-3 is almost the same as that of Case 1-b. It means if the report doesn’t optimizes but only the triggering mechanism changes, it is hard to obtain additional percentage gain compared with the baseline.
The only difference between Case 2-1 and Case 2-2 is whether the feedback is applied to OLLA enhancement. Our simulation shows that applying the feedback into OLLA enhancement is helpful for improving performance. 
To summarize: the percentage gain from Case 2-1 is mainly depending on the report optimization and the OLLA enhancement. In the meantime, the overhead of feedback of Case 2-1 is the smallest.
Observation 2: OLLA enhancement based on new A-CSI report type, such as Delta SINR, can bring obvious percentage performance gain.
3.2 Simulation methods
We summarize our simulation methods on the following aspects.
· Modeling on different triggering mechanisms
[bookmark: OLE_LINK12]For UL grant triggering, the gNB sends an additional UL grant with CSI Request field to trigger the A-CSI feedback when scheduling the PDSCH. The measurement can be based on the CSI-RS/CSI-IM configured in the triggered one or multiple CSI-AssociatedReportConfigInfo(s). The feedback latency is modeled based on Z.
For DL grant triggering, the gNB triggers A-CSI feedback in the DL grant which scheduling a PDSCH. The measurement is the same as that of UL grant triggering case, and feedback latency is also modeled based on Z.

For NACK triggering, once the PDSCH decoding is NACK, the UE feedbacks A-CSI. The measurement can be based on the PDSCH decoding or some specific CSI-RS/CSI-IM resource. The A-CSI report can be Delta SINR or PMI/CQI. To generate the former report of Delta SINR, the feedback latency can be ,  the same as latency of HARQ-ACK feedback case; to generate the latter report of PMI/CQI, the feedback latency is modeled based on Z’.
· Modeling on OLLA enhancement based on Delta SINR feedback
Based on the traditional OLLA operation, further rollback value is introduced in the case of NACK decoding, the specific value for this further rollback is obtained from the Delta SINR. So the OLLA enhancement can be summarized as:
· For NACK decoding case, new OLLA value = old OLLA value - NACK Step - Delta SINR
· For ACK decoding case, new OLLA value = old OLLA value + ACK Step
· ACK Step = NACK Step * TargetBLER/(1-TargetBLER)
· Modeling on Delta SINR quantization
 The Delta SINR is quantized as 8 status, from the “lowest margin” to the “highest margin” based on PDSCH decoding in case of NACK. The Delta SINR means the SINR offset between the target SINR corresponding to the target BLER and the effective SINR obtained by UE decoding the PDSCH, and quantizes to 3 bits overhead. The detail quantization is shown as Table 3.
Table 3 Delta SINR quantization
	Status
	Delta SINR scope (dB)
	Quantized value (dB)

	Status 0
	<=0
	0

	[bookmark: OLE_LINK13]Status 1
	>0 && <=1
	1

	Status 2
	>1 && <=2
	2

	Status 3
	>2 && <=3
	3

	Status 4
	>3 && <=4
	4

	Status 5
	>4 && <=5
	5

	Status 6
	>5 && <=6
	6

	Status 7
	>6
	8



· Modeling on  CSI feedback modes
For all the simulation cases, P-CSI feedback is modeled with periodicity = 4 slots and feedback latency = 2 slots, the corresponding periodic CSI RS resource is needed. For Case 0-a/b, Case 1-a/b and Case 2-3, A-CSI with PMI/CQI feedback is modeled, and for Case 2-1 and Case 2-2, A-CSI with Delta SINR feedback is modeled.    
· Modeling on link adaptation based on P-CSI and A-CSI feedback
gNB determines the link adaptation based on P-CSI feedback or A-CSI feedback, the determination is always based on the latest feedback which gNB can obtain. RI is only carried in the P-CSI feedback.  
· Modeling on uplink resource used for the feedback
For UL grant triggering, the feedback can be carried on PUSCH. For DL grant triggering, the feedback can be carried on PUCCH. And for NACK triggering, the feedback can be carried on PUCCH.
· Modeling on the CSI-RS overhead
In our simulation, the pattern for periodic CSI-RS resource is the same as for aperiodic CSI-RS resource, so for each CSI-RS resource occasion, the RS overhead is same for periodic CSI RS and aperiodic CSI-RS.
For periodic CSI-RS transmission, the periodicity is 4 slots. For aperiodic CSI-RS transmission, gNB transmits aperiodic CSI RS on each slot with PDSCH scheduling.  
[bookmark: OLE_LINK2]Analysis on CSI feedback enhancement
In this section, CSI feedback enhancement study is discussed from the following issues:
· Issue #1: Support aperiodic CSI report on PUCCH
· Issue #2: Triggering method of aperiodic CSI report on PUCCH 
· Issue #3: New CSI report types
· Issue #4: PUCCH resource determination for A-CSI on PUCCH
· Issue #5: Priority applicable to P/SP-CSI on PUCCH and (if supported) A-CSI on PUCCH
4.1 Issue #1: Support aperiodic CSI report on PUCCH
According to the simulation results, supporting A-CSI report on PUCCH can bring obvious gain. In addition, this mode can reduce the UL Grant overhead caused by triggering A-CSI. Therefore, Rel-17 should support A-CSI report on PUCCH.
[bookmark: OLE_LINK18]Proposal 2: Support A-CSI on PUCCH in Rel-17.
4.2 Issue #2: Triggering method of aperiodic CSI report on PUCCH
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 simulated the traditional UL Grant triggering, DL Grant triggering, and NACK triggering. As mentioned in Section 3.1, UL Grant triggering will cause additional UL Grant overhead, which will cause the inefficient RU, and will easily lead to PDCCH blocking under high load case. Therefore, DL Grant triggering could be supported as a basic enhancement mode in Rel-17.
Alt 1 should be the method requiring the smallest standard complexity. Just copying the 'CSI Request' field in UL Grant to 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 depend on the existing field in DL grant to indicate whether or not to trigger the configured A-CSI feedback. In a word, this method 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 simulation performance shows very good. For the case of Delta SINR feedback and with OLLA enhancement, Alt 4 has the best percentage performance. Considering the gNB and UE cannot predict which PDSCH decoding result is NACK, one issue to be solved is how to efficiently use the PUCCH resource as the A-CSI feedback may have zero payload if HARQ-ACK information is positive. There are two possible solutions to solve this issue:
Solution 1: Design a flexible allocation mechanism of A-CSI PUCCH resource. When the PDSCH decoding is NACK, the UE feeds back the A-CSI on PUCCH on the corresponding resource. When the PDSCH decoding is ACK, the UE does not feed back any A-CSI on PUCCH, and the corresponding resource can be released or used for other uplink transmission, such as PUSCH transmission.
Solution 2: The corresponding A-CSI PUCCH resource are always allocated to the UE. When the PDSCH decoding is NACK, the UE feeds back A-CSI on PUCCH in the corresponding resource, and the gNB performs better link adaptation for the retransmitted packet and the subsequent new packets according to the feedback. When the PDSCH decoding is ACK, the UE feeds back other uplink indication in the corresponding resource, e.g., whether the gNB is recommended to trigger A-CSI or A-SRS by UE, ACK margin or the best/worst sub-band measured by the UE.
Furthermore, Alt 4 can be enabled or not by gNB dynamically or semi-statically through DL grant or RRC configuration, so that the gNB can control PUCCH feedback resource overhead better.
Observation 3: For NACK triggering, PUCCH resource allocation mechanism is an issue to be studied.
Proposal 3: Support both DL grant based A-CSI triggering and NACK based A-CSI triggering in Rel-17.

4.3 Issue #3: New CSI report type(s)
Based on the agreements: new report based on one or more of the following should be studied:
	· Case 1: channel/interference measurement for new CSI reporting, considering aspects such as one or more of the following:
· Reporting more accurate interference characteristics
· Reduced CSI feedback overhead (e.g., reporting interference measurement only)
· Enhanced CSI reporting such as WB/SB CQI
· Case 2: other measurement (other than channel/interference) for additional information
· E.g., PDCCH/PDSCH decoding, recommended HARQ RV sequence, etc.



The difference between the two cases is closely related to the measurement signal type. Basically, the various candidate solutions contained in the case 1 are still measuring the traditional CSI-RS/CSI-IM resource. However for the candidate solutions in case 2 associated with the HARQ-ACK, the measurement is more reasonable to be based on the obtained PDSCH.
For case 1, measurement is based on CSI-RS/CSI-IM resource, according to [2], 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 brings high standardization complexity and requires very fine and abundant simulation comparison.
In the URLLC scenario, interference jitter is the main factor that degrades the reliability. 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 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 Rel-16 protocol can configure filtering on/off for both interference measurement and channel measurement. In the case of filtering off, the protocol specifies that the UE measures the channel/interference according to the last available resource occasion. However, in the case of filtering on, it is up to UE implementation. If gNB can clearly configure the channel/interference filtering to the UE, for example, configure the number of the occasion participating in the filtering, or configure the conditions to choose the resource occasions participating in the filtering, so that the occasion participating in the filtering can be controlled as required and interference jitter can be better reflected in the CSI feedback. 
[bookmark: OLE_LINK17]Observation 4: New report of case 1 need more standardization work and the performance gain may not compensate the additional overhead. 
Proposal 4: Some simple solutions such as capturing the interference jitter could be considered in URLLC scenario.
For case 2, measurement based on the PDSCH corresponding to the HARQ-ACK should be more reasonable. In our simulation, the feedback mechanism of this case is multi-level NACK, that is, Delta SINR obtained through PDSCH decoding, and Delta SINR = Target SINR - Effective SINR. In the simulation, we quantize Delta SINR as 3 bits, so the feedback overhead is only 3 bits. According to our simulation results, 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 overhead can be greatly saved. Therefore, we believe that this feedback method with measurement based on PDSCH can be further investigated.
It should be noted that this feedback method should be better combined with the OLLA enhancement. In one case provided by our simulation, the gNB uses the 3-bit Delta SINR feedback but without OLLA optimization, which does not make full use of advantages of case 2.
Proposal 5: Support new report of Case 2 in Rel-17, such as multi-level NACK feedback. 
4.4 Issue #4: PUCCH resource determination for A-CSI on PUCCH
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 


[bookmark: OLE_LINK15]According to the CSI computation delay requirement Z/Z’ and HARQ-ACK processing delay requirement  defined in [2]. In most cases, Z/Z’ is obviously larger than . 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 6: It needs to further study whether the A-CSI should be transmitted in the same PUCCH carrying HARQ-ACK.
[bookmark: OLE_LINK7]4.5 Issue #5: Priority applicable to P/SP-CSI on PUCCH and (if supported) A-CSI on PUCCH
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 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 7: Only priority index 0 is applicable to P/SP-CSI on PUCCH which is supported in Rel-16.
Proposal 8: The priority index of A-CSI on PUCCH can be indicated by the PI field in the DL grant.

Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: Compared with DL grant triggering, UL grant triggering leads to additional resource overhead.
Observation 2: OLLA enhancement based on new A-CSI feedback content, such as Delta SINR, can bring obvious percentage performance gain.
Observation 3: For NACK triggering, PUCCH resource allocation mechanism is an issue to be studied.
Observation 4: New report of case 1 needs more standardization work and the performance gain may not compensate the additional overhead. 
Proposal 1: Issue #3-3 can be excluded from Rel-17 URLLC enhancement. And Issue #1-5 can be merged into new CSI report issue.
Proposal 2: Support A-CSI on PUCCH in Rel-17.
Proposal 3: Support both DL grant based A-CSI triggering and NACK based A-CSI triggering in Rel-17.
Proposal 4: Some simple solutions such as capturing the interference jitter could be considered in URLLC scenario.
Proposal 5: Support new report of Case 2 in Rel-17, such as multi-level NACK feedback. 
Proposal 6: It needs to further study whether the A-CSI should be transmitted in the same PUCCH carrying HARQ-ACK.
Proposal 7: Only priority index 0 is applicable to P/SP-CSI on PUCCH which is supported in Rel-16.
Proposal 8: The priority index of A-CSI on PUCCH 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 Factory automation scenario
	Parameters
	Value

	Inter-BS distance
	20m

	Carrier frequency
	4 GHz

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5dB

	BS antenna configurations
	4 Tx antenna ports
dH = dV = 0.5 λ for 4GHz
For 4 Tx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 

	BS antenna height
	10 m

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

	UE antenna height
	1.5 m

	UE antenna gain
	0dBi as starting point

	BS Tx power
	27 dBm for 40 MHz（24 dBm per 20 MHz） 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	UE receiver noise figure
	9 dB

	SCS 
	[bookmark: _GoBack]30 kHz

	Simulation bandwidth 
	40 MHz

	Layout
	Single layer as defined in 38.802
Indoor floor: 12 BSs per 120 m x 50 m

	Channel model 
	InF (InF-DH) for 4 GHz

	Number of UEs per cell
	15

	UE distribution
	100% of users are indoor: 3 km/h and/or 30 km/h UE-speed
Note: which one to use is up to companies and other value(s) are not precluded

	UE power control
	23 dBm

	UE Receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Periodicity of P-CSI reporting
	4 slots

	Delay of P-CSI reporting
	2 slots

	Physical layer configuration
	4 OS mini-slot
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