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1 Introduction
In RAN1 #91 meeting and following up email discussion [1], RAN1 made the following agreements on A-CSI calculation time:
Agreement:

· Candidates of CSI calculation time Z are defined in Table I.

· Z is defined as the minimum required number of symbols for PDCCH detection/decoding for receiving the CSI reporting triggering DCI, channel estimation, plus CSI calculation between the last symbol of the PDCCH triggering the CSI reporting and the first symbol of PUSCH assuming that the CSI reference resource is before the PDCCH and by assuming CSI only PUSCH (no HARQ ACK/NACK) for a given numerology and CSI complexity 

· Note: the required time for channel estimation refers to the time gap from the last symbol of CSI-RS to the timeline that UE finishes its channel estimation processing

· For low complexity CSI, one Z value for a given numerology is defined in Table I.
· FFS: the definition of Low complexity CSI (e.g. WB CSI derived from maximum 2 ports CSIRS with Type I codebook or WB CQI derived from maximum 8 ports CSIRS without PMI)

· For high complexity CSI, one Z value (FFS multiple values) for a given numerology is defined in Table I.

· FFS: how many and how to define High complexity CSI
< Table I >
	CSI complexity
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Low complexity CSI
	Symbols
	Z1,1
	Z1,2
	Z1,3
	Z1,4

	High complexity CSI 1
	Symbols
	Z2,1
	Z2,2
	Z2,3
	Z2,4

	
	
	
	
	
	

	High complexity CSI  N
	Symbols
	ZN+1,1
	ZN+1,-2
	ZN+1,3
	ZN+1,4


· When A-CSI reporting on CSI only PUSCH is triggered in slot n, 

· UE is not required to update the CSI for the A-CSI report in the following cases:

· Cases are FFS, e.g.

· if M-L-N < Z for the given CSI complexity and numerology

· if AP CSI-RS resource is transmitted in slot n and M-O-N  < Z for the given CSI complexity and numerology

· Note.

· L=the last symbol of PDCCH in slot n 

· M=the starting symbol of the PUSCH

· N= the TA value in unit of symbols (e.g., TA=1.4 symbol)

· O= the later symbol between the last symbol of AP CSI-RS resource for CMR and the last symbol of AP CSI-RS resource for IMR

· FFS: Time locations of the CSI reference resource between Z to 0 symbol(s) before the starting symbol of the PUSCH are not valid

· FFS: how to relax CSI calculation when multiple A-CSI reportings are triggered at the same time.

· PUSCH timing offset for A-CSI reporting is determined as follows:

· When PUSCH is scheduled only for a single A-CSI reporting, the DCI field for PUSCH timing offset is defined from Y in the reporting setting

· When PUSCH is scheduled only for multiple A-CSI reportings, the DCI field for PUSCH timing offset is defined from maximum values among multiple Y in the reporting settings

· E.g. Y  in reporting setting 1 = {1, 2, 3, 6} and Y  in reporting setting 2= {2, 3, 4, 5}, then Y becomes {2, 3, 4, 6}

· Note: Depending on UE capability, CSI relaxation may be applied.

· FFS: PUSCH timing offset when PUSCH is scheduled for A-CSI reporting and UL data
In this contribution, we discuss the following issues:
· Clarify the definition of Z

· The definition of Low complexity CSI
· How many and how to define High complexity CSI
· The values of a set of Z
· PUSCH timing offset when PUSCH is scheduled for A-CSI reporting and UL data
2 Discussion 
2.1 The definition of Z
According to the email discussion following the RAN1#91 meeting, the processing time on A-CSI reporting includes processing time for PDCCH detection/decoding for receiving the CSI reporting triggering DCI, channel estimation, CSI calculation and UL processing for transmission. Considering the flexible frame structure in NR, the processing time for A-CSI reporting can be separated into following two cases: 

CASE 1: UE needs to wait for the reception of CSI-RS ending after processing for PDCCH containing the A-CSI reporting trigger signaling has finished.
CASE 2: The channel estimation of CSI-RS can be performed right after the ending of processing or PDCCH containing the A-CSI reporting trigger signaling.
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Figure 1. Processing time of A-CSI reporting 

It is obvious that for same numerology and CSI complexity, the time between the end of PDCCH and the time beginning of CSI reporting time for CASE 2 is no more than the time for CASE 1 because there is waiting for time for CSI-RS in CASE1. In email discussion following the RAN1#91 meeting, Z is defined as the minimum required number of symbols for PDCCH detection/decoding for receiving the CSI reporting triggering DCI, channel estimation, plus CSI calculation assuming CSI only PUSCH (no HARQ ACK/NACK) for a given numerology and CSI complexity. Then the waiting time for CSI-RS reception should not be included in the definition of Z. 
In addition, the values of TA is independent from UE processing time, then the values of Z should not include TA. When gNB configures the PUSCH/PUCCH timing offset for A-CSI reporting, timing advanced, the value of Z and the position of PDCCH carrying the trigger signaling and the position of corresponding CSI-RS should be considered. 
Proposal 1: CSI calculation time Z doesn’t include the CSI-RS reception time and timing advanced. 
Proposal 2: The timing offset for A-CSI reporting should consider the values of Z, timing advanced and the time domain relationship between the PDCCH carrying trigger signaling and corresponding CSI-RS to be measured. 

2.2 The definition of Low complexity CSI and high complexity CSI
Based on the definition of Z, the following parameters will have effect on the value of Z:
· The bandwidth of CSI-RS
· The reporting granularity in the frequency domain
· The density of CSI-RS

· Report quantity (CSI-related or L1-RSRP-related quantities)
· CSI type and codebook configuration, if reported: type I or type II. 

· The number of ports
The purpose to define the Z for low complexity CSI reporting is mainly to support fast CSI feedback. Considering the 4Rx is the baseline NR eMBB UE capability, we propose to use the calculation time derived from 4 ports CSI-RS measurement as the low complexity CSI calculation time. It should be noted that processing time for CQI-only measurement may be less than the processing time for 4 port CSI-RS measurement. We just categorize all the calculations that are less complexity than 4-ports CSI measurement as low complexity CSI calculation.
Proposal 3: For the definition of the low complexity CSI with slot-based scheduling, required CSI calculation time Z should be no more than the time of 4-ports based CSI-RS reporting.
The following table gives our initial evaluation result for low complexity CSI calculation time for slot-based scheduling.

Table 1. Initial evaluation result of low complexity CSI calculation (4 ports) time

	CSI complexity
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Low complexity CSI
	Symbols
	9
	15
	23
	32


To keep spec simple as well as gNB scheduling and UE implementation, only one value of Z for high complexity CSI reporting should be defined per numerology. The value of Z can be determined considering both the UE capability and channel ageing.
Proposal 4: For high complexity CSI, only one Z value for a given numerology is defined. 
2.3 Multiplexing with data

When UCI is multiplexed with PUSCH, gNB should reserve enough time for preparing for both PUSCH and A-CSI reporting. So the timing offset of K2 for UL data, which is defined as the time between the end of the PDCCH carrying UL grant and the first OFDM symbol carrying the corresponding UL data, should be no less than N2. The timing offset of Y for A-CSI reporting, which is defined as the time between the end of the PDCCH carrying the trigger signalling and the first OFDM symbol carrying the corresponding A-CSI reporting, should be no less than Z. 
In addition, the gNB should consider the dependency of UL data and CSI reporting. UE needs to know the payload size of A-CSI reporting for UL rate matching processing. Otherwise, the UL processing should be hold to wait for the A-CSI trigger signalling, which means time is wasted. Then when A-CSI reporting is multiplexed with UL data, the basic assumption is that the A-CSI payload size is known to UE before UE begin transmitting UL data. Since the A-CSI payload size is determined by RI, the processing for RI should at least be finished before the UL data rate matching operation. To keep UE implementation simple, we propose A-CSI triggering signalling is at least Z symbols ahead of DCI signalling scheduling the multiplexed UL data.
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Figure 2. An example of UCI multiplexing
Proposal 5: When UCI is multiplexed with UL data in PUSCH, the following conditions should be matched:

· The time between the DCI triggering the A-CSI reporting and the DCI scheduling the multiplexed UL data is at least greater than (Z-1) OFDM symbols.
· The timing offset of K2 for UL data is no less than N2+TA.

· The timing offset of Y for A-CSI reporting is no less than Z+TA.
3 Conclusions
In this contribution, we address the remaining issues on processing time of A-CSI reporting. The following proposals are made:
Proposal 1: CSI calculation time Z doesn’t include the CSI-RS reception time and timing advanced. 

Proposal 2: The timing offset for A-CSI reporting should consider the values of Z, timing advanced and the time domain relationship between the PDCCH carrying trigger signaling and corresponding CSI-RS to be measured. 

Proposal 3: For the definition of the low complexity CSI with slot-based scheduling, required CSI calculation time Z should be no more than the time of 4-ports based CSI-RS reporting.

Proposal 4: For high complexity CSI, only one Z value for a given numerology is defined. 

Proposal 5: When UCI is multiplexed with UL data in PUSCH, the following conditions should be matched:

· The time between the DCI triggering the A-CSI reporting and the DCI scheduling the multiplexed UL data is at least greater than (Z-1) OFDM symbols.

· The timing offset of K2 for UL data is no less than N2+TA.

· The timing offset of Y for A-CSI reporting is no less than Z+TA.
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