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

2 Flexible 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 complexity CSI and high complexity 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 complexity CSI by limiting the maximum number of PDCCH candidates. However, dynamic triggering between low complexity CSI and high complexity CSI may not be supported if the different number of PDCCH candidates are used for low complexity CSI and high complexity CSI given that the CSI reporting configuration can be indicated in the associated DCI. Therefore, no restriction for PDCCH to reduce the decoding time for low complexity CSI.
Proposal 1: no restriction for PDCCH to reduce the decoding time for low complexity CSI.

On the channel estimation time, the number of CSI-RS antenna ports may impact on the required channel estimation processing time at a UE. In addition, the number of CSI-RS antenna ports is also highly correlated with CSI processing time due to a larger codebook size and/or a higher rank. Therefore, at least for low complexity CSI with a PMI reporting, the number of CSI-RS antenna ports can be limited to 2 considering that the codebook size for 2 ports CSI-RS is relatively small and the channel estimation processing time also gets reduce.
Proposal 2: the maximum number of CSI-RS antenna ports is limited to 2 with Type I codebook in low complexity CSI
On the CSI processing time, there are many parameters which will impact on the required minimum processing time including codebook size and its restriction level, maximum rank and its restriction level, the number of subbands, the number of antenna ports, etc. Among those parameters, the number of subbands is one of most important parameters which determines the CSI processing time. Therefore, at least the number of subbands for reporting can be limited for the low complexity CSI. For example, only WB CSI reporting is supported for low complexity CSI. If the maximum number of CSI-RS antenna ports is larger than 2, codebook subset restriction level and rank restriction level can be also considered so that the computational complexity could be similar to 2 ports CSI-RS case.  
Proposal 3: SB CSI reporting is not supported in low complexity CSI (WB CSI reporting only).

It has been agreed that when the CSI processing time based on the aperiodic CSI reporting timing triggered is less than the minimum CSI processing time (Z), a UE may not need to update the aperiodic CSI. A couple of cases have been discussed to determine the CSI processing time such as following:

· 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). 
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Figure 1. An example of allowed CSI processing time (∆P) considering CSI-RS location, reporting timing (Y), and timing advance value.
Given that both cases are valid cases in different scenario, it would be safer to support both and a UE selects a case which has a shorter time.

Proposal 3: a UE select either last symbol of PDCCH or latest symbol of aperiodic CSI based on shorter time allowed to determine the CSI processing time
The starting symbol of PUSCH can be used as a timing reference to determine the actual CSI processing time but the timing advance (TA) should be taken into account since the actual starting time for the PUSCH transmission is adjusted by the TA value. Therefore, irrespective of the cases mentioned above, the TA value should be taken into account to determine the CSI processing time.
Proposal 4: the TA value should be taken into account for the CSI processing time calculation.
A single Z value for high complexity CSI has been agreed but the supporting of multiple Z values are still FFS. It is beneficial to define multiple Z values to optimize the CSI reporting delay since the worst case should be considered if a single Z value is used. On the other hand, multiple Z values requires additional standard efforts. In order to balance the trade-off between performance optimization and standard efforts, one additional Z value can be added for high complexity CSI to cover the worst case scenario (e.g., Type II CSI, the CSI-RS antenna ports >N1, the rank >N2, the number of subbands> N3) so that the Z value for the high complexity CSI is not determined by the worst case scenario which may be used in most cases. 
Proposal 5: at least one additional Z value for high complexity CSI is supported to handle the worst case scenarios which may not be used in most cases. 
3 UCI on PUSCH with multi-layer transmission

In NR, a UCI transmission on PUSCH has been agreed although the details when multi-layer transmission is used for PUSCH has not been discussed yet. The UCI will be transmitted by puncturing or rate-matching of PUSCH resources. In LTE, a UCI (e.g., RI, HARQ-ACK) symbol is repeated to the number of layers which is equivalent to the rank 1 transmission while the PUSCH is transmitted with a higher rank, thus improving the reliability of UCI when higher rank is scheduled for the associated PUSCH. As similar to LTE, the rank-1 transmission of UCI (at least for some UCI types) should be supported irrespective of the transmission rank for the PUSCH.
Proposal 6: Rank-1 transmission of UCI irrespective of the PUSCH transmission rank is supported.
Assuming that a UCI symbol [image: image3.png]


 is repeated to the number of layers (i.e., rank for PUSCH) when it is multiplexed in PUSCH, the precoder used for the UCI at subcarrier [image: image5.png]


 could be expressed as
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,                     (1)
where [image: image9.png]


 is the i’th column of the transmit precoding matrix [image: image11.png]


 indicated in the associated DCI for PUSCH transmission as the subcarrier [image: image13.png]


. As seen in (1), the rank-1 precoder for UCI is a fixed linear combination of higher rank precoder for the PUSCH, which may result in forming beam toward a null space. Therefore, the reliability of UCI transmission could be significantly degraded based on the which TPMI is indicated for the PUSCH transmission. In order to avoid transmitting signal to a null space, linear combination of higher rank precoder could be randomized across subcarriers as
[image: image14.png]x(k) = GF r] = (91fs (v + -+ gu fu (R))v
.



,                        (2)
where the linear combination parameter fi could be randomly changed across subcarriers as similar to precoder cycling.
Proposal 7: Rank-1 precoder of the UCI is randomly selected linear combination of higher rank precoder used for PUSCH transmission.
4 Conclusion

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

Proposal 2: the maximum number of CSI-RS antenna ports is limited to 2 with Type I codebook in low complexity CSI.
Proposal 3: SB CSI reporting is not supported in low complexity CSI (WB CSI reporting only).

Proposal 4: the TA value should be taken into account for the CSI processing time calculation.

Proposal 5: at least one additional Z value for high complexity CSI is supported to handle the worst case scenarios which may not be used in most cases. 
Proposal 6: Rank-1 transmission of UCI irrespective of the PUSCH transmission rank is supported.
Proposal 7: Rank-1 precoder of the UCI is randomly selected linear combination of higher rank precoder used for PUSCH transmission.
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