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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#104b e-meeting, CSI enhancements are discussed. Some agreements and conclusion are achieved as following:
[bookmark: _Hlk71294195]Conclusion:
For new reporting Case 1, do not consider further the following schemes:
· Case 1-2: CSI prediction
· Case 1-4: Interference covariance matrix
· Case 1-9: Reference wideband CQI excludes worst sub-bands
· Case 1-10: CSI expiration time

Agreements:
For new reporting Case 2, focus study on reporting of delta-CQI/MCS (Case 2-3):
· Note: this delta-CQI/MCS is determined based on UE implementation (for example, using SINR, LLR, raw BER, flipped bits, LDPC iterations, BLEP, # fail parity checks, etc.)
· Companies are encouraged to provide more details in their analysis
· FFS: Granularity of new report type (e.g. units of CQI or MCS, how many bits)
· FFS: Whether quantity reported is relative to the scheduled MCS

Agreement: Focus study on the following for new reporting Case 1:
· Reporting of new metric, where new metric shall be determined based on network configured channel and interference measurement interval (multiple CMR and/or IMR instances) to enable accurate MCS selection. 
· Downselect by RAN1#105 to at most a single method from the following options:

· Mean-CQI/SINR and stdev-CQI/SINR (FFS details)
· CSI based on worst IMR occasion (FFS details)
· Interference standard deviation (FFS details)
· Worst-M CQI (FFS details)
· FFS: Whether network configured channel and interference measurement interval can also be applied to existing CSI type
· Increasing granularity of subband CQI (e.g. 3-bits differential subband CQI or 4-bits full subband CQI).
· Updating only CQI in a report, where CQI is conditioned on a previous instance in which RI/PMI/(CRI) is updated.
· Applicable for same reporting quantity as R16 for CQI. 
· FFS: Whether network configured channel and interference measurement interval can also be applied
· FFS: Whether RI/PMI/(CRI) is transmitted in a report where only CQI is updated
· FFS: how to report the updated CQI
· FFS: whether the CQI processing time can be is reduced compared to Rel-16 CSI processing delay
In this contribution, we share our views on CSI enhancements for URLLC.
2. CSI feedback enhancements
In Rel-16, NR supports different types of CSI reports, including periodic CSI (P-CSI), semi-persistent CSI (SP-CSI) and aperiodic CSI (A-CSI) reports. A-CSI report is triggered by the CSI request field on a DCI that triggers a CSI report(s) on PUSCH. Either wideband or sub-band frequency granularities reporting are supported for A-CSI report on PUSCH. A-CSI on PUSCH supports Type I, Type II and Enhanced Type II CSI. By triggering one or multiple CSI report states, gNB can acquire the up-to-date channel state and interference state. 
2.1. New CSI report triggering for A-CSI 
In Rel-16, A-CSI is only triggered on PUSCH by UL grant. In case of DL traffic heavy case, gNB needs to transmit a DCI carrying UL grant to trigger an A-CSI on PUSCH, which may result in unnecessary DL control overhead. To facilitate efficient PDSCH (re)transmission and/or save control overhead for DL traffic heavy use case, A-CSI triggered on PUCCH is proposed. 
Some triggering methods were proposed in the previous meeting including:
· Option 1: CSI triggering on PUCCH by DL assignment
· Option 2: CSI-RS/SRS/A-CSI report triggering by NACK
· Option 3: CSI triggering on PUCCH by group DCI
Although there are differences for the triggering for these options, the key question is how to determine the resource for the triggered A-CSI. 
One straightforward method is to use the PUCCH resource carrying the HARQ-ACK. Note that the PUCCH resource for HARQ-ACK is indicated by the DL grant. In this regard, A-CSI on PUCCH can be triggered by the DL grant, i.e. Option 1.
An alternative is to use separate resource from the PUCCH for HARQ-ACK, e.g., a separate PUCCH resource indicated/configured by gNB for the A-CSI, or a PUSCH resource similar to configured grant PUSCH for carrying A-CSI. The separate PUCCH or PUSCH resources can be indicated by the DL grant.
Therefore, for the resource for A-CSI, following alternatives can be considered.
· Alt.1: A-CSI and HARQ-ACK are multiplexed on the same PUCCH resource
· Alt.2: A-CSI is transmitted on a separated PUCCH resource from PUCCH for HARQ-ACK
· Alt.3: A-CSI is transmitted on a separated PUSCH resource
[bookmark: _Hlk61426109]For Alt.1, the existing UCI multiplexing rules can be reused. The PUCCH resource set needs to be determined by the payload of HARQ-ACK and CSI. It should be clarified whether the PUCCH resource set configuration for HARQ-ACK is reused for multiplexing CSI and HARQ-ACK. CSI computation time is also key factor for this alternative because CSI computation time is much larger than PDSCH processing time, i.e. N1, in current spec. The reduction of CSI computation time is needed for simultaneous A-CSI and HARQ-ACK transmission on the same PUCCH resource.
For Alt.2, separate PUCCH resource configurations are adopted between CSI and HARQ-ACK. It should be clarified which of the parameters of PUCCH resource configurations need to be configured for the PUCCH for CSI. In particular, it should be further discussed on the number of PUCCH resource sets for CSI report, whether/how to indicate the PUCCH resource for A-CSI, whether/how to determine the power for CSI report. In such case, the existing timeline for CSI computation can be reused due to the separate resource for CSI. However, there would be non-trivial specification impacts.
An alternative way to transmit the A-CSI is to trigger a A-CSI on a PUSCH by the DL grant, i.e. Alt.3. The PUSCH can be configured by RRC, e.g. similar to the Type 1 configured grant resource. In such case, the configuration of Type 1 CG can be reused.
[bookmark: _Hlk68620540][bookmark: _Hlk61863905]Proposal 1: For new CSI report triggering for A-CSI, A-CSI triggered by DL grant is preferred.
Proposal 2: For A-CSI triggered by DL grant where CSI and HARQ-ACK are transmitted on separate resource, A-CSI transmitted on a separate PUCCH resource or PUSCH resource can be considered.

2.2. New CSI report for Case 1 reporting
In the past meetings, Case 1 new CSI reporting were discussed intensively. Three types of Case 1 CSI reporting are agreed to further study. 
For Case 1 New reporting CSI processing time reduction is beneficial for gNB obtaining CSI timely and should be considered. In current spec, the CSI computation time is defined for different cases as provided in Table 1 and Table 2.  of the Table 1 is defined for the case where there is only CSI report without a PUSCH with either transport block or HARQ-ACK or both and L = 0 CPUs are occupied. In Table 2, ,  are defined for the cases other than that for Table 1. 
For URLLC service, PDSCH and PUSCH capability 2 processing time as in Table 3 and Table 4 are adopted to guarantee low latency. Compared to the PDSCH and PUSCH processing time capability 2, it can be observed the CSI computation time is much larger that PDSCH and PUSCH capability 2 processing time. In case of URLLC burst traffic, gNB can only rely on out-of-date CSI to schedule URLLC transmission due to the fact that a CSI report would need longer processing time than the preparation for the URLLC transmission. In this case, inaccurate CSI may lead to higher decoding failure probability at UE side. Therefore, the current CSI computation time is not beneficial for gNB obtaining CSI timely. On the other hand, if the conservative MCS is always selected due that gNB has no timely CSI, resource utilization efficiency would be decreased. Above all, the current CSI computation time is unfavorable for acquisition of up-to-date CSI information for URLLC service with low latency. Therefore, CSI computation time reduction is needed for URLLC in order for timely CSI acquisition, thereby enabling accurate MCS selection at gNB side.

Table 1 CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	10
	8

	1
	13
	11

	2
	25
	21

	3
	43
	36


 Table 2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2

	0
	22
	16
	40
	37

	1
	33
	30
	72
	69

	2
	44
	42
	141
	140

	3
	97
	85
	152
	140


Table 3 PDSCH processing time
	

	PDSCH decoding time N1 [symbols]

	
	PDSCH processing capability 2
	PDSCH processing capability 1

	0
	3
	8

	1
	4.5
	10

	2
	9 for frequency range 1
	17

	3
	-
	20


Table 4 PUSCH processing time
	

	PUSCH preparation time N2 [symbols]

	
	PUSCH processing capability 2
	PUSCH processing capability 1

	0
	5
	10

	1
	5.5
	12

	2
	11 for frequency range 1
	23

	3
	-
	36



[bookmark: _Hlk71562096][bookmark: _Hlk61863893]Observation 1: CSI computation time defined in Rel-16 is much larger than PDSCH and PUSCH capability 2 processing time and is unfavorable for acquisition of accurate up-to-date CSI information. 
[bookmark: _GoBack]
For an initial PDSCH transmission, gNB may not have the accurate CSI information. Thus, an inappropriate MCS is selected at gNB and it is mostly likely to result in decoding failure for the initial transmission at UE. In such case, NACK would be reported by UE for the PDSCH transmission. However, gNB has no opportunity to obtain a timely CSI before scheduling a retransmission, due that CSI computation time is longer than the PDSCH processing timeline where there is no enough time for UE to report CSI before HARQ-ACK feedback, as shown in the examples in Figure 1. CSI computation time reduction is beneficial for more reliable retransmission scheduling. For example, CSI can be reported with HARQ-ACK of initial PDSCH transmission, which can provide the channel state information for gNB for retransmission. To facilitate retransmission scheduling with accurate MCS selection, CSI computation time needs to be reduced to align with PDSCH processing time N1. 
[image: ]
Figure 1 CSI and HARQ-ACK processing time for 15kHz
 
[bookmark: _Hlk61724152]In fact, for the typical URLLC use case, UE mobility is low and channel state including the spatial characteristics does not change frequently. Therefore, it is not necessary to update the RI or PMI frequently. For CSI report instance, CQI update only can be applied and the latest RI/PMI based on the previous CSI measurement for RI/PMI can be assumed, as shown in Figure 2. CSI processing time can be reduced by simplifying the CSI measurement and computation processing.
[image: ]
Figure 2 CQI based on both channel part and interference measurement, RI/PMI based on the latest report
[bookmark: _Hlk61863900]Proposal 3: For new CSI report for Case 1 reporting, CSI computation time needs to be reduced, e.g., align with PDSCH processing time N1.
[bookmark: _Hlk71562086]Proposal 4: Support Case 1 New reporting quantity with CQI update only, where the latest RI/PMI based on the previous CSI measurement for RI/PMI can be assumed.
3. Performance evaluation
3.1. Simulation results 
In this section, the performances with existing CSI report mechanism and CQI update only scheme are evaluated. In the simulation, the following cases are assumed.
· Baseline 1 & 2: Rel-15 CSI feedback mechanism with 4 bits sub-band CQI report granularity. 20ms and 5ms feedback periodicities are applied, respectively. For each CSI report instance, CQI with channel and interference measurement and RI/PMI are both updated simultaneously, as shown in Figure 3 (a) and 3(b). For baseline schemes, the CSI computation time with 3 slots is assumed. 
· Proposed scheme: for each CSI report instance with 20ms periodicity, RI, PMI and CQI are updated based on channel part measurement and interference measurement. Within 20ms, three CSI report instances with 5ms periodicity are configured. For CQI report with 5ms periodicity, both channel part measurement and interference measurement are performed. At these report instances, CQI only is reported and the latest RI, PMI are reused, as shown in Figure 3(c). For Proposed scheme, CSI computation time with 3 slots for 20ms report periodicity is considered while 1 slot CSI computation time for report periodicity with 5ms is applied.
[image: ]
Figure 3(a) CSI report Baseline 1 with 20ms periodicity
[image: ]
Figure 3(b) CSI report Baseline 2 with 5ms periodicity
[image: ]
Figure 3(c) proposed scheme for CSI report
Table 5 UE capability and resource utilization  
	Schemes
	Percentage of UEs satisfying BLER reliability requirement
	Resource utilization

	Baseline 1
	0.8262
	0.6261

	Baseline 2
	0.8746
	0.5708

	Proposed scheme 
	0.8944
	0.5708



According to the simulation results listed in table 5, performance of Baseline 2 is better than the one of Baseline 1 because the more accurate channel state acquisition and the shorter CSI report periodicity are beneficial for more accurate MCS selection at gNB side. Proposed scheme has the better performance compared to baseline 2. It can be observed that the fast CSI feedback can improve the percentage of UEs satisfying BLER reliability requirement. Meanwhile, the overhead and power consumption for CSI report for Proposed scheme can be saved compared to Baseline 2.

[bookmark: _Hlk71379637][bookmark: _Hlk61863977][bookmark: _Hlk71562127][bookmark: _Hlk61426123]Observation 2: Baseline 2 scheme with full CQI/RI/PMI report and short periodicity can achieve the better than the performance of Baseline 1, while the overhead and power consumption for CSI report for Baseline 2 are larger than that for Baseline 1 scheme.
[bookmark: _Hlk71379650]Observation 3: The fast CSI feedback can improve the percentage of UEs satisfying BLER reliability requirement.
[bookmark: _Hlk71379673]Observation 4: Compared to Baseline 2 with short periodicity, the proposed scheme has the better performance with the reduced CSI computation and overhead.
[bookmark: _Hlk61426141]
4. Conclusion
In the contribution, we have some investigations on CSI feedback enhancement for URLLC/IIOT, and propose that,
Observation 1: CSI computation time defined in Rel-16 is much larger than PDSCH and PUSCH capability 2 processing time and is unfavorable for acquisition of accurate up-to-date CSI information.
Observation 2: Baseline 2 scheme with full CQI/RI/PMI report and short periodicity can achieve the better than the performance of Baseline 1, while the overhead and power consumption for CSI report for Baseline 2 are larger than that for Baseline 1 scheme.
Observation 3: The fast CSI feedback can improve the percentage of UEs satisfying BLER reliability requirement.
Observation 4: Compared to Baseline 2 with short periodicity, the proposed scheme has the better performance with the reduced CSI computation and overhead.

[bookmark: _Hlk71562180]Proposal 1: For new CSI report triggering for A-CSI, A-CSI triggered by DL grant is preferred.
Proposal 2: For A-CSI triggered by DL grant where CSI and HARQ-ACK are transmitted on separate resource, A-CSI transmitted on a separate PUCCH resource or PUSCH resource can be considered.
Proposal 3: For new CSI report for Case 1 reporting, CSI computation time needs to be reduced, e.g., align with PDSCH processing time N1.
Proposal 4: Support Case 1 New reporting quantity with CQI update only, where the latest RI/PMI based on the previous CSI measurement for RI/PMI can be assumed.
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[bookmark: _Hlk68018409][1] Chairman notes RAN1#104b e-meeting
[bookmark: _Hlk61426181]
6. Annex
6.1. [bookmark: _Hlk54274303]Simulation assumption for Rel-15 enabled use case (e.g. AR/VR) use case in TR 38.824
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid, 21 cells

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2) 
dH = 0.5λ, dV = 0.8λ

	antenna tilt
	102o

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	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);

	UE antenna height
	Follow the modelling of TR 38.901.

	UE antenna gain
	0dBi

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC

	Number of UEs per cell
	URLLC UEs:20
eMBB UEs: 5

	Simulation bandwidth 
	40 MHz 

	SCS 
	30 kHz

	UE distribution
	80% of users are outdoors and 20% of users are indoors
Use 3 km/h for modelling fading channel

	penetration loss
	low loss model

	Channel estimation
	Realistic

	Traffic mode (URLLC UE)
	FTP model 3 (100p/s)
Latency: 4ms (2.5Kbytes)

	Traffic mode (eMBB UE)
	FTP model 3
Packet size: 0.1Mbytes
mean inter-arrival time: 200ms

	Reliability
	99.999

	Max Rank
	1
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