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Description of issues

In email discussion 91-NR-06 and the last RAN1AH meeting, the following agreement was made:

Agreements in 91-NR-06 email discussion:
  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 CSIRS 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 CSIRS 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 CSIRS resource for CMR and the last symbol of AP CSIRS 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
Agreements in the last RAN1AH meeting :
· 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.

· When CSI is transmitted on PUSCH, SLIV and PUSCH mapping type is determined from pusch-symbolAllocation in the same way as for PUSCH without CSI
· PUSCH slot offset when CSI is multiplexed with UL-SCH on PUSCH is determined only from the indicated K2 value from pusch-symbolAllocation, not from aperiodicReportSlotOffset
· The above only applies for the case where CSI is multiplexed with data
· Note: The number of candidate values for aperiodicReportSlotOffset and K2 are the same

Based on the above agreement, we have the following remaining issues:
Issue 1: Condition when UE is not required to update the CSI for the A-CSI report
Issue 2: UE capability on CSI calculation
Discussion

Issue 1: Condition when UE is not required to update the CSI for the A-CSI report
First, we focus on A-CSI report trigger for single CSI and then discuss A-CSI report trigger for multiple CSIs.
Figure 1 shows an example of A-CSI report trigger for single CSI with periodic CSIRS and CSI reference resource is within time window T. In this case, within T, UE needs to conduct DCI decoding, channel estimation and CSI calculation and Tx preparation. Therefore, if T < Z, UE should not be required to update the CSI.
[image: ]
Figure 1. An example of A-CSI report trigger for single CSI with (arrived early) periodic CSIRS
Proposal 1: in case of A-CSI report trigger for a single CSI, UE is not required to update the CSI if T < Z, where T is time duration between last OFDM symbol reception time of triggering DCI and first OFDM symbol transmission time of AP CSI reporting.
Unlike Figure 1, Figure 2 shows the case when T > Z but P CSIRS and reference resource come late in time window T. In this case, even though T > Z, UE cannot finish CSI calculation because it starts channel estimation too late. To avoid this case, it should make sure that UE conducts channel/interference measurement on ZP/NZP CSIRS located at least Z symbols before the first OFDM symbol of AP CSI reporting.
[image: ]
Figure 2. An example of A-CSI report trigger for single CSI with (arrived late) periodic CSIRS
 Proposal 2: UE is not required to measure channel/interference on ZP/NZP CSIRS received 0 to Z symbols before transmission time of first OFDM symbol of AP CSI reporting.
Aligned with Proposal 2, time offset of the CSI reference resource should be properly derived from Z. Figure 3 and 4 shows two options of determining the time offset with an example of Z=5, , and CSI reporting starting at 10th symbols in slot n.
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Figure 3. CSI reference resource and valid CSIRS location for channel measurement when nCQI_ref =
In Figure 3, since reference resource is slot n-1, UE cannot use potential CSIRS resource at 1,2,3 or 4th symbols in slot n to measure  channel so that UE measures channel from CSIRS in one or several slots before slot n, which may cause too much delay between channel measurement and CSI reporting. As a result, it is not possible to support self-contained A-CSI feedback where CSI triggering, channel measurement and CSI report are conducted in the same single slot. To address this issue, we propose nCQI_ref = described in Figure 4.
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Figure 4. CSI reference resource and valid CSIRS location for channel measurement when nCQI_ref =
In Figure 4, reference resource is slot n and it includes several symbols beyond Z in slot n. As a result, if CSIRS is transmitted in 1,2,3 or 4th symbols in slot n, UE can measure it and calculate CSI with fresh channel measurement. 
Proposal 3: When P/SP/AP CSIRS is used for CSI calculation for A-CSI reporting, time offset of the CSI reference resource is derived from Z for a given CSI latency and numerology as follows:
· nCQI_ref is the smallest value greater than or equal to, such that slot n- nCQI_ref corresponds to a valid downlink slot.
· This is applied for P/SP CSI reporting as well.
A similar problem we described in Figure 2 comes up when AP CSIRS is transmitted and Figure 3 shows it. AP CSIRS comes late in time window T. In this case, even though T > Z, UE cannot finish CSI calculation because it starts channel estimation too late. 
A simple way to address this issue is compare T’ and Z instead of comparing T and Z, where T’ is time duration between latest AP CSIRS reception time and first OFDM symbol transmission time of AP CSI reporting. Specifically, if T’ < Z, UE should not be required to update the CSI and report the lowest CQI. If more sophisticated mechanism is needed, we may introduce Z’ smaller than Z and compare T’ and Z’ instead of comparing T’ and Z, where Z’ is the required time for channel measurement, CSI calculation and TX preparation, except DCI decoding. It is because Z includes DCI decoding time in addition to channel measurement, CSI calculation and TX preparation so that the actually required time for T’ would be smaller than Z since the DCI decoding time may not always need to be taken into account in T’. If the sufficient time for T’ is not provided, UE can just report the lowest CQI in the designated UCI field since there is no channel measurement to be taken into account.
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Figure 3. An example of A-CSI report trigger for single CSI with (arrived late) Aperiodic CSIRS
Proposal 4: in case of A-CSI report trigger for a single CSI with AP CSIRS, UE is not required to calculate the CSI and reports lowest CQI if T’ < Z, where T’ is time duration between latest AP CSIRS reception time and first OFDM symbol transmission time of AP CSI reporting
Next, in case of A-CSI report trigger for multiple N CSIs, we can use the same mechanism as single CSI trigger if UE has N parallel processors. However, if more than N CSIs are triggered, UE cannot finish calculation for all triggered CSIs. In this case, we can reuse the relaxation method LTE system supports.
Proposal 5: in case of A-CSI report trigger for multiple CSIs, the relaxation method that LTE system supports can be reused.

Issue 2: UE capability on CSI calculation 
Based on Proposal 1, 2 and 3, required time for CSI processing would be determined and we may have the following two tables: Since Table I is for normal UE Z values in Table I are baseline values which shall be supported by all UEs. On the other hand, since Table II is for advanced UE, for a given numerology and CSI latency, whether or not to support the Z value in Table II is reported as a UE capability. Also, for a given numerology and CSI latency,  the Z value in Table II should be equal to or smaller than Z value in Table I. Additionally, the values of Z’i,j may further need to be added for Z’, which is a required time duration between the latest CSIRS reception time and first OFDM symbol transmission time of AP CSI reporting. 
Table I. CSI calculation time Z for normal UE
[image: ]
Table II. CSI calculation time Z for advanced UE
[image: ]

Proposal 6: Table I and Table II are introduced for normal UE and advanced UE, respectively. 

Conclusion
Based on the above discussion, we propose the followings:

Proposal 1: in case of A-CSI report trigger for a single CSI, UE is not required to update the CSI if T < Z, where T is time duration between last OFDM symbol reception time of triggering DCI and first OFDM symbol transmission time of AP CSI reporting.
Proposal 2: UE is not required to measure channel/interference on ZP/NZP CSIRS received 0 to Z symbols before transmission time of first OFDM symbol of AP CSI reporting.
Proposal 3: When P/SP/AP CSIRS is used for CSI calculation for A-CSI reporting, time offset of the CSI reference resource is derived from Z for a given CSI latency and numerology as follows:
· nCQI_ref is the smallest value greater than or equal to, such that slot n- nCQI_ref corresponds to a valid downlink slot.
· This is applied for P/SP CSI reporting as well.
Proposal 4: in case of A-CSI report trigger for a single CSI with AP CSIRS, UE is not required to calculate the CSI and reports lowest CQI if T’ < Z, where T’ is time duration between latest AP CSIRS reception time and first OFDM symbol transmission time of AP CSI reporting
Proposal 5: in case of A-CSI report trigger for multiple CSIs, the relaxation method that LTE system supports can be reused.
[bookmark: _GoBack]Proposal 6: Table I and Table II are introduced for normal UE and advanced UE, respectively. 
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