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Description of issues

In email discussion 91-NR-06, the following agreement was made:

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
Based on the above agreement, we have the following remaining issues:
Issue 1: Definition of low complexity CSI and high complexity CSI
Issue 2: Condition when UE is not required to update the CSI for the A-CSI report
Issue 3: PUSCH timing offset when PUSCH is scheduled for A-CSI reporting and UL data

Discussion

Issue 1: Definition of low complexity CSI and high complexity CSI
Two examples of low complexity CSI are discussed in the last meeting; WB CSI derived from maximum 2 ports CSIRS with Type I codebook or WB CQI derived from maximum 8 ports CSIRS without PMI. In order to take advantage of self-contained CSI feedback with Y = 0 for both examples, low complexity CSI can include the both.
Proposal 1: low complexity CSI includes WB CSI derived from maximum 2 ports CSIRS with Type I codebook and WB CQI derived from maximum 8 ports CSIRS without PMI.
There were discussion on how many and how to define high complexity CSI and we can consider two options. Option 1 is to define single high complexity CSI. In this case, high complexity CSI is the most time consuming CSI for calculation among CSI(s) that UE is capable of reporting, which means it depends on a specific UE implementation. For example, if UE 1 supports up to 16 ports and type II codebook and UE 2 supports up to 8 ports and type I codebook, then high complexity CSI for UE 1 and UE 2 are SB CSI derived from 16 ports CSIRS with Type II codebook and SB CSI derived from 8 ports CSIRS with Type I codebook, respectively. Option 2 is to define multiple high complexity CSI. For example, high complexity CSI 1 is SB CSI derived from 16 ports CSIRS with Type II codebook and high complexity CSI 2 is SB CSI derived from 8 ports CSIRS with Type I codebook. Compared to Option 1, Option 2 allows different requirement for different high complexity CSI and help gNB optimize report timing determination for different high complexity CSI. However, at least in Rel-15 NR, we don’t see strong need to define multiple high complexity CSI with increasing spec efforts. Two types of CSI, i.e., low complexity CSI and high complexity CSI, seems to be enough.
Proposal 2: define a single high complexity CSI as the most time consuming CSI for calculation among CSI(s) that UE is capable of reporting.

Issue 2: 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 is within time window T. In this case, within T, UE needs to conduct DCI decoding, channel estimation and CSI calculation. 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 3: in case of A-CSI report trigger for a single CSI, UE is not required to update the CSI if T < Z
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, CSI reference resource should be located at least Z symbols before the first OFDM symbol on which AP CSI is reported.
[image: ]
Figure 2. An example of A-CSI report trigger for single CSI with (arrived late) periodic CSIRS
Proposal 4: Time locations of the CSI reference resource between Z to 0 symbol(s) before the starting symbol of the PUSCH are not valid.
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. Therefore, if T’ < Z, UE should not be required to update the CSI and report lowest CQI.
[image: ]
Figure 3. An example of A-CSI report trigger for single CSI with (arrived late) Aperiodic CSIRS
Proposal 5: 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 6: in case of A-CSI report trigger for multiple CSIs, the relaxation method that LTE system supports can be reused.

Issue 3: PUSCH timing offset when PUSCH is scheduled for A-CSI reporting and UL data
[bookmark: _GoBack]A single DCI field is shared to indicate PUSCH timing offset for Y and K2. Therefore, we need to clarify how to define values in the DCI field when PUSCH is scheduled for A-CSI reporting and UL data. One simple way is that the DCI field for PUSCH timing offset is defined from the RRC configured values of K2 since in general PUSCH data transmission is more important than CSI feedback. If UE cannot calculate CSI for a given PUSCH timing offset based on K2, then UE is not required to update CSI in the same way as we propose in Proposal 3 and 5.
Proposal 7: when PUSCH is scheduled for A-CSI reporting and UL data, the DCI field for PUSCH timing offset is defined from the RRC configured values of K2, which is separately configured from Y.
Proposal 8: when PUSCH is scheduled for A-CSI reporting and UL data, UE is not required to update CSI in the same way as we propose in Proposal 3 and 5 if UE cannot calculate CSI for a given PUSCH timing offset based on K2.

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

Proposal 1: low complexity CSI includes WB CSI derived from maximum 2 ports CSIRS with Type I codebook and WB CQI derived from maximum 8 ports CSIRS without PMI.
Proposal 2: define a single high complexity CSI as the most time consuming CSI for calculation among CSI(s) that UE is capable of reporting.
Proposal 3: in case of A-CSI report trigger for a single CSI, UE is not required to update the CSI if T < Z.
Proposal 4: time locations of the CSI reference resource between Z to 0 symbol(s) before the starting symbol of the PUSCH are not valid.
Proposal 5: 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 6: in case of A-CSI report trigger for multiple CSIs, the relaxation method that LTE system supports can be reused.
Proposal 7: when PUSCH is scheduled for A-CSI reporting and UL data, the DCI field for PUSCH timing offset is defined from the RRC configured values of K2, which is separately configured from Y.
Proposal 8: when PUSCH is scheduled for A-CSI reporting and UL data, UE is not required to update CSI in the same way as we propose in Proposal 3 and 5 if UE cannot calculate CSI for a given PUSCH timing offset based on K2.
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