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1 Introduction
The following has been agreed after RAN1 #91 for CSI reporting from the e-mail discussion [91-NR-06]:
Agreements:
· 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 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 RAN1 NR AH#1801, the following has been additionally agreed for flexible CSI reporting [2]:

Agreement:

· The terminologies for Low Complexity CSI and High Complexity CSI are changed to Low Latency CSI and High Latency CSI, respectively

· For CSI computation capability,

· Two CSI latency classes are supported. 

· Low Latency CSI class is defined as WB CSI including maximum 4 ports

· Only applicable for Type-I codebook or when PMI is not configured

· High Latency CSI class is defined as the superset of all CSI that is supported by the UE

· Above does not apply for L1 RSRP.

In this contribution, we further discuss on remaining details on CSI reporting.

2 Timing offset for A-CSI reporting
In NR, the aperiodic CSI reporting can be triggered with a reporting timing indication and the reporting timing could be shorter than LTE (e.g., 1, 2). In addition, based on the configured numerology, the CSI processing time allowed could be even shorter for a given CSI reporting offset. Therefore, in order to guarantee the minimum required CSI processing time at a UE, RAN1 has agreed to introduce CSI calculation time required for a given set of CSI reporting configuration, where the set of CSI reporting configuration could be categorized into low latency CSI and high latency CSI.

The minimum required CSI processing time includes PDCCH decoding time to receive DCI, channel estimation time, and CSI calculation time. The PDCCH decoding time can be also reduced for low latency CSI by limiting the maximum number of PDCCH candidates. However, dynamic triggering between low latency CSI and high latency CSI may not be supported if the different number of PDCCH candidates are used for low latency CSI and high latency CSI given that the CSI reporting configuration can be indicated in the associated DCI. Therefore, restriction on the max number of PDCCH BD is not supported to reduce the decoding time for low complexity CSI.
Proposal 1: no restriction for max PDCCH blind detection to reduce the decoding time for low latency CSI.

A minimum required CSI processing time Z is agreed to be used for a low latency CSI or a high latency CSI so that if an actual processing time allowed (e.g., T) is shorter than the Z (T < Z), a UE may skip reporting the triggered A-CSI, where the Z value is defined as a number of OFDM symbols. Since the OFDM symbol length will be changed based on the numerology, it makes sense to have a different Z value based on the subcarrier spacing. Therefore, Z value should be defined per subcarrier spacing and latency of CSI processing.    
Proposal 2: Z value should be defined per CSI reporting latency and subcarrier spacing.
It has been proposed to use two Z value at the same time for A-CSI reporting with A-CSI-RS since a UE may not receive A-CSI-RS until it successfully decode the associated DCI while the A-CSI-RS may be transmitted before the UE decodes DCI. Two possible cases can be considered in this scenario:
· Case-1: the required minimum CSI processing time is calculated based on the gap between the last symbol of associated PDCCH for aperiodic CSI reporting triggering and the first symbol of the PUSCH for the triggered aperiodic CSI reporting.
· Case-2: the required minimum CSI processing time is calculated based on the gap between the latest symbol of the associated CSI-RSs and the first symbol of the PUSCH for the triggered aperiodic CSI reporting.

The Case-1 is appropriate when the latest symbol of the associated CSI-RSs is located in earlier time than the end time of PDCCH reception (i.e., ∆M <0 in figure 1). On the other hand, the Case-2 is appropriate when the latest symbol of the associated CSI-RSs is located in later than the end time of PDCCH reception (i.e., ∆M >0 in figure 1). 


[image: image1.emf]DL part Gap UL part

Slot #m

A time at which DCI for aperiodic 

CSI-RS tx and/or aperiodic CSI 

reporting triggering is received

A time at which an associated CSI-

RS is transmitted

A time at which a UE reports the 

triggered aperiodic CSI

A time at which a UE reports 

the triggered aperiodic CSI with 

a timing advance

TA

¨

P

Slot #m+1

Slot #m+2

¨

M


Figure 1. An example of allowed CSI processing time (∆P) considering CSI-RS location, reporting timing (Y), and timing advance value.
Although a UE may check both cases in each triggering occasion with two Z values, it seems like unnecessary optimization. For the sake of simplicity, a single Z value can be defined with a conservative value which can cover both cases always.
Proposal 3: a single Z value is defined for a given CSI processing latency and subcarrier spacing when A-CSI reporting and A-CSI-RS are used
With the minimum required CSI processing time (Z), actual allowed CSI processing time (T) should be defined so that a UE can determine whether the UE can skip reporting if T < Z. The allowed CSI processing time (T) may be based on the number symbols between the last symbol of PDCCH and the first symbol of uplink channel for CSI reporting with additional compensation of TA value when periodic and/or semi-persistent CSI-RS is used. Otherwise, the allowed CSI processing time (T) may be based on the number symbols between the last symbol of associated CSI-RS and the first symbol of uplink channel for CSI reporting with additional compensation of TA value.
Proposal 4: two types of allowed CSI processing time (T) should be defined based on the associated CSI-RS type.
Proposal 5: TA value should be compensated for the allowed CSI processing time (T).

3 Conclusion

We discuss remaining open issues with regards to CSI reporting. Based on discussions, we propose the following:
Proposal 1: no restriction for max PDCCH blind detection to reduce the decoding time for low latency CSI.

Proposal 2: Z value should be defined per CSI reporting latency and subcarrier spacing.

Proposal 3: a single Z value is defined for a given CSI processing latency and subcarrier spacing when A-CSI reporting and A-CSI-RS are used
Proposal 4: two types of allowed CSI processing time (T) should be defined based on the associated CSI-RS type.

Proposal 5: TA value should be compensated for the allowed CSI processing time (T).
4 References

[1] RAN1 Chairman’s Notes, 3GPP TSG-RAN WG1 #91
[2] RAN1 Chairman’s Notes, 3GPP TSG-RAN WG1 NR AH#1801

1/4





DL part
Gap
UL part






Slot #m
A time at which DCI for aperiodic CSI-RS tx and/or aperiodic CSI reporting triggering is received
A time at which an associated CSI-RS is transmitted
A time at which a UE reports the triggered aperiodic CSI
A time at which a UE reports the triggered aperiodic CSI with a timing advance
TA
∆P
Slot #m+1
Slot #m+2
∆M



