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1	Introduction
In this contribution we discuss how to determine the CPU occupation for periodic or semi-persistent CSI reporting, when a UE is configured with DRX. Sec. 5.2.1.6 of TS 38.214 defines the CPU occupancy rules; however, it does not provide any indication on the applicability of the rules in relation to DRX. This creates ambiguity of interpretation, as elaborated in the remainder of this document, because a UE configured with DRX may assume that the CPU count is not affected by a DRX configuration, whereas another UE may assume that, for CPU(s) to be occupied “until the last symbol of the PUSCH/PUCCH carrying the report”, this reporting occasion has to occur in DRX active time. In the first interpretation, a UE configured with DRX may count CPU(s) as occupied when, in fact, there is no CSI calculation being processed, whereas another UE with a different implementation may consider those CPUs as unoccupied in the same circumstances. Consequently, if a UE is configured with DRX and multiple simultaneous CSI reports, a gNB cannot be sure if CPU overbooking occurs, which would result in one or more reports not being updated.

[bookmark: _Ref54347807]2	Background
The interaction between CSI measurement and reporting and DRX is mentioned in the specifications in the following statements.
From Sec. 5.1.6.1 of TS 38.214, regarding CSI-RS reception procedure:
“If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.”
From Sec. 5.2.2.5 of TS 38.214 regarding the CSI reference resource definition:
“When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later than CSI reference resource and drops the report otherwise.”
The CPU occupancy for periodic and semi-persistent CSI reporting is defined in Sec. 5.2.1.6 of TS 38.214 regarding CSI processing criteria:
“For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
· A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSIIM/ SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the PUSCH/PUCCH carrying the report.
· ...
· An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the PUSCH carrying the report.”

[bookmark: _Ref54348033]3	Discussion
In one possible interpretation, a UE may assume that the CPU occupancy is not affected by DRX configuration because Sec. 5.2.1.6 does not specify any behaviour in relation to DRX. Hence, for this UE the CPU would be occupied for the same number of symbols, whether or not it is configured with DRX. As an example, in Figure 1 we illustrate the case of a periodic CSI report configured on periodic CSI-RS with the CSI-RS periodicity being half that of the CSI reporting, such that there are two CSI-RS measurement occasions for every CSI reporting occasion. In the example, we also assume that the second of the two CSI-RS transmission occasion in a CSI reporting period is received before the reference resource for that CSI report, such that CSI report R1 carries a CSI calculated on CSI-RS measurement RS1, R2 carries CSI from measurement RS3, etc.
[image: ]
[bookmark: _Ref70702341]Figure 1. Example of CPU occupation without configured DRX. In one interpretation, a UE may assume that DRX configuration does not affect CPU occupancy and the same symbols are occupied regardless of DRX configuration.

This interpretation can be described more accurately as follows:
“When DRX is configured, a periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSIIM/ SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH, whether or not it occurs in DRX active time”
In a second possible interpretation, a UE may assume that, for a CPU to be occupied “until the last symbol of the PUSCH/PUCCH carrying the report”, this reporting occasion has to occur in DRX active time, otherwise the PUSCH/PUCCH does not actually carry the report. This leads to a different CPU occupancy in the case illustrated in Figure 2, where a UE configured with DRX can be either DRX active time or outside DRX active time, i.e., DRX off (sleep time). In Figure 2, the shaded reporting occasions do not carry a CSI report and the shaded CSI-RS measurement occasions are not measured because they occur outside DRX active time. Therefore, CSI report occasion R3 carries a CSI calculated on CSI-RS measurement RS3, according to Sec. 5.1.6.1 of TS 38.214 cited in the previous section.
[image: ]
[bookmark: _Ref70714555]Figure 2. Example with DRX off during a CSI report. A UE assumes that a CPU is occupied until the last symbol of the earliest reporting occasion that occurs in DRX active time.
This interpretation can be described more accurately as follows:
“When DRX is configured, a periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSIIM/ SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the earliest PUSCH/PUCCH in DRX active time”
Note that a UE cannot determine a priori the start of a sleep time because a DRX “onDuration” can be extended due to a (re)start of the inactivity timer. However, after entering a sleep time, a UE knows in advance the start of the next active time and can predict if the next CSI reporting occasion occurs in sleep time or active time. Therefore, if, for example, a UE enters sleep time before RS3 and determines that R2 will still be in sleep mode, it can conclude that there is no point in occupying the CPU(s) for report R2. This case is illustrated in the example of Figure 3, where report R3 carries a CSI calculated on measurement RS2. In this case, a UE cannot start CSI calculation after measuring RS2 because it cannot predict the start of the sleep time.
[image: ]
[bookmark: _Ref70716316]Figure 3. Example with DRX off during the latest CSI-RS occasion and CSI report.
This case can be described by the following text:
“When DRX is configured, a periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) does not occupy CPUs if both the latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource and the PUSCH/PUCCH configured to carry the report are not in DRX active time”
In another possible combination, a UE may be in sleep time during all the CSI-RS transmission occasions occurring between a first active CSI report and a second report occasion, and there is no CSI-RS transmission occasion later than the reference resource of the first report. This case is illustrated in Figure 4, with two examples where the second of the two report occasions occurs in DRX active time (top) or not (bottom). In this top case, a UE will report an old CSI in R2, whereas in the bottom case no CSI is reported in R2, hence there is no need to occupy CPU(s) because there is no new measurement available.

[image: ]
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[bookmark: _Ref70719819]Figure 4. Example with no CSI-RS measurement occasion after the reference resource of a previous CSI report in DRX active time
This case can be described by the following text:
[bookmark: _Hlk71230958]“When DRX is configured, a periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) does not occupy CPUs if the latest CSI-RS/CSI-IM/SSB occasion received in DRX active time is no later than the CSI reference resource of a previous CSI report in DRX active time”
In conclusion, there are at least two ways to resolve this ambiguity in interpretation, either by clarifying that DRX configuration does not impact the CPU occupancy rules, or by specifying in more detail the interaction between DRX and CSI calculation. The first alternative is easier from specification perspective but, in some cases, CPU(s) are counted as occupied when there is no actual CSI calculation. On the other hand, the interpretation of Figure 2 combined with the cases described in Figure 3 and Figure 4, provide a more accurate description of the CPU occupation.
Proposal 1. [bookmark: _Ref70725832]Select one of the two following alternative text proposals for TS 38.214, Sec. 5.2.1.6 to resolve the ambiguity in the CPU occupancy when DRX is configured

<< Start of alternative TP 1>>
[bookmark: _Toc11352119][bookmark: _Toc20318009][bookmark: _Toc27299907]5.2.1.6	CSI processing criteria
------- Unchanged text is omitted -------
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report. When DRX is configured, this PUSCH/PUCCH occasion may occur inside or outside a DRX active time.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. 
-	An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report. When DRX is configured, this PUSCH/PUCCH occasion may occur inside or outside a DRX active time.
------- Unchanged text is omitted -------
<< End of alternative TP 1>>

<< Start of alternative TP 2>>
5.2.1.6	CSI processing criteria
------- Unchanged text is omitted -------
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. 
-	An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report.
-	When DRX is configured, a periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) does not occupy CPUs if
· both the latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource and the PUSCH/PUCCH scheduled to carry the report are not in DRX active time, or
· the latest CSI-RS/CSI-IM/SSB occasion received in DRX active time is no later than the CSI reference resource of a previous report in DRX active time
otherwise, it occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/ SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the earliest PUSCH/PUCCH in DRX active time
-	When DRX is configured, an initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report in DRX active time.
------- Unchanged text is omitted -------
<< End of alternative TP 2>>

4	Conclusion

Proposal 1	Select one of the two following alternative text proposals for TS 38.214, Sec. 5.2.1.6 to resolve the ambiguity in the CPU occupancy when DRX is configured.
(See TPs above)
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