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Introduction
[bookmark: _GoBack]In this contribution, we raise the issues of confusing UE behaviour in CSI measurement and CSI reporting.  We propose solutions to resolve these issues. 
[bookmark: _Ref521530292]CSI reporting on edge SBs
According to current TS38.214, the reportFreqConfiguration contained in a CSI-ReportConfig indicates the frequency granularity of the CSI Report. In some cases, some subbands may contains less number of RBs than the configured nominal subband size.  This is because the subband grid is aligned with the system bandwidth while the BWP can start from any RB in frequency and the bandwidth of a BWP is also defined in granularity of 1 RB. As shown in Figure 1, for subband 0 and 3, the CSI-RS and CSI-IM are fully present, but those edge subbands only contain a few RBs, and the edge subband CSI may not be critical for DL link adaptation.  


[bookmark: _Ref525654811]Figure 1: Illustration of frequency configuration in CSI reporting setting, NZP CSI-RS and CSI-IM on edge subbands.
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Figure 2: Illustration of checking the validation of CSI-RS presence on edge SB.
Besides, checking the validation of the CSI-RS presence on the edge SBs brings additional complexity to UE implementation. As shown in Figure 2, since a nominal subband size is always an even number, then a valid CSI-RS presence can be determined by checking the CSI-RS presence in the first two RBs for the SB. That is, if at least one RB of the first two RBs has CSI-RS presence, then that SB has a valid CSI-RS presence. For the edge SBs (e.g., a top SB), if the edge SB has an even number of RBs, the validation of the edge SB can be obtained in the same way as the nominal SB. However, if the edge SB has an odd number of RBs, checking the CSI-RS presence in the first two RBs does not suffice to determine the validation of the SB. In words, the UE has to check the size of the edge SB or the index of the starting/ending RB, so as to determine the validation of an edge SB. Configuring edge subbands smaller than the nominal subband size should be avoided.
To address the aforementioned issues, we have the following proposal:
[bookmark: _Toc525985503]Proposal 1:	A UE does not expect to be configured with a CSI reporting band which contains a SB with a number of RBs smaller than the configured subband size.
The corresponding text proposal is as follows.
--- Start of text proposal to Section 5.2.1.4 in TS 38.214 ---
>>>> unchanged text omitted <<<<
[bookmark: _Hlk497986691]The reportFreqConfiguration contained in a CSI-ReportConfig indicates the frequency granularity of the CSI Report. A CSI Rreporting Ssetting configuration defines a CSI reporting band as a subset of subbands of the bandwidth part, where the reportFreqConfiguration indicates: 
-	the csi-ReportingBand as a contiguous or non-contiguous subset of subbands in the bandwidth part for which CSI shall be reported. The UE is not expected to be configured with a CSI reporting band which contains subbands where reference signals for channel and interference are not present.
-	A UE is not expected to be configured with csi-ReportingBand which contains a subband where a CSI-RS resource linked to the CSI Report setting has the frequency density of each CSI-RS port per PRB in the subband less than the configured density of the CSI-RS resource.
-	If a CSI-IM resource is linked to the CSI Report Setting, a UE is not expected to be configured with csi-ReportingBand which contains a subband where not all PRBs in the subband have the CSI-IM REs present.
-	A UE is not expected to be configured with csi-ReportingBand which contains a subband consisting of less RBs than the subbandSize.
-	wideband CQI or subband CQI reporting, as configured by the higher layer parameter cqi-FormatIndicator. When wideband CQI reporting is configured, a wideband CQI is reported for each codeword for the entire CSI reporting band. When subband CQI reporting is configured, one CQI for each codeword is reported for each subband in the CSI reporting band.
-	wideband PMI or subband PMI reporting as configured by the higher layer parameter pmi-FormatIndicator. When wideband PMI reporting is configured, a wideband PMI is reported for the entire CSI reporting band. When subband PMI reporting is configured, except with 2 antenna ports, a single wideband indication (i1 in Subclause 5.2.2.2) is reported for the entire CSI reporting band and one subband indication (i2 in subclause 5.2.2.2) is reported for each subband in the CSI reporting band. When subband PMIs are configured with 2 antenna ports, a PMI is reported for each subband in the CSI reporting band. 
>>>> unchanged text omitted <<<<
--- End of text proposal ---
[bookmark: _Ref521530293]CSI measurement in C-DRX mode 
In current spec of TS38.214, UE is not required to report a CSI if no CSI-RS for channel measurement and CSI-RS and/or CSI-IM for interference measurement is transmitted in DRX Active Time. It is captured as follows:
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.
According to TS38.321, DRX functionality is offered by a MAC entity which controls the UE’s PDCCH monitoring activity for the MAC entity’s C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI.  The DRX Active Time defines a time window such that the UE just needs to monitor the PDCCH in the window and if there’s no PDCCH received within such window to restrict UE’s reception of PDCCH.  That is a UE just needs to monitor the PDCCH transmitted in the Active Time and if there’s no PDCCH received within the Active Time, the UE may go to sleep for power saving.  The Active Time is not defined for the purpose of restricting UE’s reception of other signals.  The Active Time is a L2 concept defined in TS38.321 based on L2 timers/events:
When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).
Basically, the current spec of TS38.214 unnecessarily “redefines” a RAN2 concept.  And this agreement may ruin the power saving benefit provided by DRX operation, especially when a UE is requested to report an aperiodic CSI-RS based aperiodic CSI on the PUSCH without UL-SCH.  This is because, both the CSI request and the CSI-RS have to be within the Active Time.  The gNB has to either schedule CSI-RS close to the PDCCH or to configure the timers to make the Active Time long enough.  The former puts restrictions to gNB scheduling, while the latter jeopardizes power saving capability of DRX.  Notice that not only for CSI report the UE needs to perform channel measurement on CSI-RS, the UE also needs to process CSI-RS for other purpose, including resolving QCL information for aperiodic SRS and PUSCH from aperiodic CSI-RS, performing time/frequency tracking from TRS, and performing measurement for mobility, etc.  Based on the above discussion, we propose
[bookmark: _Toc525985505]Proposal 2:	When DRX is configured, a UE is not required to perform CSI measurement outside of the DRX Active Time, except that the measurement is based on aperiodic CSI-RS and the triggering DCI is received in the DRX Active Time.
The corresponding text proposal is as follows.
--- Start of text proposal to Section 5.2.2.1.1 in TS 38.214 ---
5.2.2.5	CSI reference resource definition
>>>> unchanged text omitted <<<<
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.
When DRX is configured, the UE reports a CSI report 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, or if the measurement is based on aperiodic CSI-RS for channel measurement and aperiodic CSI-RS and/or CSI-IM for interference measurement no later than CSI reference resource and the triggering DCI is received in the DRX Active Time, and drops the report otherwise.
When deriving CSI feedback, the UE is not expected that a NZP CSI -RS resource for channel measurement overlaps with CSI-IM resource for interference measurement or NZP CSI -RS resource for interference measurement.
>>>> unchanged text omitted <<<<
--- End of text proposal ---
TCI state for common CSI-RS resource associated with multiple CSI-RS resource sets.
In the last meeting, it was agreed to capture the following statement in current spec of TS38.214:
A UE is not expected to be configured with different TCI-StateId’s for the same aperiodic CSI-RS resource ID configured in multiple aperiodic CSI-RS resource sets with the same triggering offset in the same aperiodic trigger state.
When two resource sets are triggered with same triggering offset in the same trigger state, the resources in these two sets are transmitted in the same slot. If there is a common resource in these two sets, that common resource is to be transmitted in the same OFDM symbol, but it cannot be configured with different TCI-StateId’s. However, when the two resource sets are triggered with different trigger offset in different trigger state, the two resource sets may be transmitted in the slot as well. For instance, resource set 0 is triggered in slot n with trigger offset 4, while resource set 1 is triggered in slot n+1 with trigger offset 3, then these two resources will be transmitted in slot n+4. If there is a common resource in these two sets, that common resource cannot be configure with the different TCI-StateId’s. Hence, we propose
 Proposal 3:	The same A-CSIRS resource in an OFDM symbol will not be triggered with different TCI state.
Conclusion
In this contribution, we raise the issues of confusing UE behaviour in CSI measurement and propose solutions to resolve these confusing issues.  We made following proposals.
Proposal 1:	A UE does not expect to be configured with a CSI reporting band which contains a SB with a number of RBs smaller than the configured subband size.
Proposal 2:	When DRX is configured, a UE is not required to perform CSI measurement outside of the DRX Active Time, except that the measurement is based on aperiodic CSI-RS and the triggering DCI is received in the DRX Active Time.
Proposal 3:	The same A-CSIRS resource in an OFDM symbol will not be triggered with different TCI state.
We propose adopting text proposals in Sections 2 and 3.
Reference
1. [bookmark: _Ref516259703]TS 38.214 v.15.3.0, NR Physical Layer Procedures for Data (Release 15).
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