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1. Introduction
At the last RAN1 meeting [1] significant progress was achieved in CSI measurements and reporting agenda items. The most outstanding issues related to CSI relaxation and CSI computation time was resolved. However, there are multiple unclear points left in the specification which are related to CSI feedback. In this contribution we discuss possible corrections to the specification and provide multiple text proposals to TS 38.214 and TS 38.212.
2. Discussion
2.1. Number of DCIs with aperiodic CSI request per slot
At the RAN1#93 [1] meeting the following agreement was made.
	Agreement
· Add the below sentence to section 5.2.1.5.1 of TS 38.214
· A UE is not expected to receive more than one DCI with CSI request per slot
· Note: editor of TS 38.214 may change the exact wording to reflect the above sentence.
· Note: This applies to Rel-15.



The above agreement implies that only one DCI with positive aperiodic CSI request can be transmitted to one UE in the same slot, the motivation behind such restriction was discussed in [2]. 
The above agreement is not captured in the latest version of TS 38.214, the following text proposal was made to correct it.
Text proposal 1:
Capture the following text proposal to section 5.2.1.5.1 of TS 38.214.
<START OF TEXT PROPOSAL 1>
[bookmark: _Hlk500778920]For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter resourceType set to 'aperiodic', periodic', or semi-persistent', trigger states for Reporting Setting(s) (configured with the higher layer parameter reportConfigType set to 'aperiodic') and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter CSI-AperiodicTriggerStateList. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI with CSI request per slot. A UE is not expected to receive more than one aperiodic CSI report request for a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
<END OF TEXT PROPOSAL 1>
2.2. Mapping of CSI in binary domain
The exact rule for mapping of CSI components (RI, PMI, CQI, etc.) to the bit sequence in UCI is missing from the specification, the following three text proposals to TS 38.212 are made to capture it. 
Text proposal 2:
Capture the following text proposal to section 6.3.1.1.2 of TS 38.212
<START OF TEXT PROPOSAL 2>





If none of the CSI reports for transmission on a PUCCH is of two parts, the CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.1.1.2-12, are mapped to the UCI bit sequence  starting with , where  corresponding to the first bit of the first field in each of the tables 6.3.1.1.2-7/8,  corresponding to the second bit of the first field in each of the tables 6.3.1.1.2-7/8, and  corresponding to the last bit in the last field in each of the tables 6.3.1.1.2-7/8. The first bit of each field corresponds to MSB and the last bit LSB.
<END OF TEXT PROPOSAL 2>
Text proposal 3:
Capture the following text proposal to section 6.3.1.1.2 of TS 38.212
<START OF TEXT PROPOSAL 3>













If at least one of the CSI reports for transmission on a PUCCH is of two parts, two UCI bit sequences are generated,  and . The CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.1.1.2-13, are mapped to the UCI bit sequence  starting with , where  corresponding to the first bit of the first field in each of the tables 6.3.1.1.2-7/8/9,  corresponding to the second bit of the first field in each of the tables 6.3.1.1.2-7/8/9, and  corresponding to the last bit in the last field in each of the tables 6.3.1.1.2-7/8/9. The first bit of each field corresponds to MSB and the last bit LSB. The CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.1.1.2-14, are mapped to the UCI bit sequence  starting with , where  corresponding to the first bit of the first field in each of the tables 6.3.1.1.2-10/11,  corresponding to the second bit of the first field in each of the tables 6.3.1.1.2-10/11, and  corresponding to the last bit in the last field in each of the tables 6.3.1.1.2-10/11. The first bit of each field corresponds to MSB and the last bit LSB. If the length of UCI bit sequence  is less than 3 bits, zeros shall be appended to the UCI bit sequence until its length equals 3.
<END OF TEXT PROPOSAL 3>
Text proposal 4:
Capture the following text proposal to section 6.3.2.1.2 of TS 38.212
<START OF TEXT PROPOSAL 4>












For CSI on PUSCH, two UCI bit sequences are generated,  and . The CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.2.1.2-6, are mapped to the UCI bit sequence  starting with , where  corresponding to the first bit of the first field in each of the tables 6.3.2.1.2-3,  corresponding to the second bit of the first field in each of the tables 6.3.2.1.2-3, and  corresponding to the last bit in the last field in each of the tables 6.3.2.1.2-3. The first bit of each field corresponds to MSB and the last bit LSB.. The CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.2.1.2-7, are mapped to the UCI bit sequence  starting with , where  corresponding to the first bit of the first field in each of the tables 6.3.2.1.2-4/5,  corresponding to the second bit of the first field in each of the tables 6.3.2.1.2-4/5, and  corresponding to the last bit in the last field in each of the tables 6.3.2.1.2-4/5. The first bit of each field corresponds to MSB and the last bit LSB.
<END OF TEXT PROPOSAL 4>
2.3. Multiple CSI-RS resources for Type II CSI
According to TS 38.214 CRI reporting is not supported for Type II codebook and Type II port selection codebook, however there is no restriction to configure multiple CSI-RS resources in resource set for channel measurements for CSI Reporting Settings with higher layer parameter codebookType is set to 'typeII' or to 'typeII-PortSelection'. In order to avoid the cases where UE behaviour is not clear, it is better to explicitly restrict configuration of multiple CSI-RS resources in resource set for channel measurements for CSI Reporting Settings with a Type II codebook configured.
Text proposal 5:
Capture the following text proposal to section 5.2.1.4.1 of TS 38.214
<START OF TEXT PROPOSAL 5>
For semi-persistent or periodic CSI, each CSI-ReportConfig is linked to periodic or semi-persistent Resource Setting(s):
-	When one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is configured, the Resource Setting is for channel measurement for L1-RSRP computation.
-	When two Resource Settings are configured, the first Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement and the second Resource Setting (given by higher layer parameter csi-IM-ResourcesForInterference) is used for interference measurement performed on CSI-IM.
A UE is not expected to be configured with more than 1 CSI-RS resource in resource set for channel measurements for a CSI-ReportConfig with the higher layer parameter codebookType set to 'typeII' or to 'typeII-PortSelection’.
If interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets. The number of CSI-RS resources for channel measurement equals to the number of CSI-IM resources.
<END OF TEXT PROPOSAL 5>
2.4. Corrections to aperiodic CSI slot offset
In section 6.1.2.1 of TS 38.214 the name of higher layer parameter used to configure slot offset for aperiodic CSI report should be changed to reportSlotOffsetList to allign with RRC specification TS 38.331. Also, equation to calculate slot offset in case of multiple CSI Reporting Settings for a trigger state should be updated.
Text proposal 6:
Capture the following text proposal to section 6.1.2.1 of TS 38.214.
<START OF TEXT PROPOSAL 6>





When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report by a CSI request field on a DCI, the Time-domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table. The determination of the applied resource allocation table is defined in sub-clause 6.1.2.1.1. The indexed row defines the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission and K2 is determined based on the corresponding list entries of the higher layer parameter reportSlotConfigreportSlotOffsetList in CSI-ReportConfig for the triggered CSI Reporting Settings. The ith codepoint of K2 is determined as  where  is the ith codepoint of .
<END OF TEXT PROPOSAL 6>
[bookmark: _GoBack]2.5. Corrections to aperiodic CSI-RS slot offset
At the RAN1#92 [3] the following agreement was made:
	Agreement (RRC parameter update):
For CSI acquisition, aperiodic CSI-RS triggering offset can be 0, 1, 2, 3, 4 slots.
· If all the associated trigger states do not contain QCL Type D information, aperiodic CSI-RS triggering offset is fixed to zero.


The main intention of the above agreement is to give UE enough time for Rx beam switching for CSI-RS reception for FR2 operation. However, according to the latest TS 38.214 the condition whether to use 0 slot offset can cover cases, there Rx beamforming is not used, e.g. CSI-RS in FR1, if QCL type D is configured for other CSI Reporting Settings. In order to narrow down the condition to only the CSI-RS resource sets which uses Rx beamforming, the following text proposal can be considered.
Text proposal 7:
Capture the following text proposal to section 5.2.1.5.1 of TS 38.214
<START OF TEXT PROPOSAL 7>
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the range of 0 to 4 slots. If all the associated trigger statesIf all CSI-RS resources of a resource set of the associated trigger state do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states for a resource set, the CSI-RS triggering offset is fixed to zero for that resource set. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.
<END OF TEXT PROPOSAL 7>
2.6. CPU occupancy rules
At the last RAN1 meeting [1] the details of CSI processing unit (CPU) were agreed. Some parts of the specification related to CPU occupancy rules are not correct. In particular, in the latest version of TS 38.214 the conditions whether UE is required to update a CSI report depends on the number of CSI-RS resources in resource set for channel measurements; it is not correct since the number of CPUs occupied by a CSI report can be not equal to the number of CSI-RS resources (e.g. CSI reports for beam management). Also, CSI reports with report quantity ‘ssb-Index-RSRP’ is missing from the CPU occupancy rules.
Text proposal 8:
Capture the following text proposal to section 5.2.1.6 of TS 38.214
<START OF TEXT PROPOSAL 8>
The UE indicates the number of supported simultaneous CSI calculations . If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports across all configured cells. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs. If a UE receives an aperiodic CSI request for N CSI reports, where each CSI report  has CSI-RS resources in the CSI-RS resource set for channel measurementcorresponds to , the UE is not required to update the  requested CSI reports with lowest priority (according to Subclause 5.2.5), where is the largest value such that  holds. 
[bookmark: _Hlk513114242]The UE is not required to update a periodic or semi-persistent CSI report if  on the earliest one of the first symbol of the latest CSI-RS/CSI-RS resource earlier than the corresponding CSI reference resource of the CSI report. 
Processing of a CSI report occupies a number of CPUs for a number of symbols as follows:
-	 for aA CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP', ‘ssb-Index-RSRP’, or 'none' occupies one CPU.
-	 for aA CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to ‘cri-RI-PMI-CQI’, ‘cri-RI-i1’, ‘cri-RI-i1-CQI’, ‘cri-RI-CQI’, or ‘cri-RI-LI-PMI-CQI’, 'cri-RSRP' or 'none' occupies CPUs, where is the number of CSI-RS resources in the CSI-.RS resource set for channel measurement. 
-	 for aA CSI report aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'TypeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', occupies CPUs.
The CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report used with periodic or semi-persistent CSI-RS occupies CPU(s) from the first symbol of the earliest one of the for each CSI-RS/CSI-IM resource for channel or interference measurement, respective latest CSI-RS/CSI-IM occasion no later than the corresponding CSI reference resource until the last symbol of the PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report used with periodic or semi-persistent CSI-RS occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM resource for channel or interference measurement respective latest CSI-RS/CSI-IM occasions no later than the corresponding CSI reference resource until the last symbol of the PUSCH carrying the report.
-	A periodic or semi-persistent CSI report used with SSB occupies CPU from the first symbol of the earliest one of each SSB resource for channel measurement, until the last symbol of the PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report used with SSB occupies CPU from the first symbol of the earliest one of each SSB resource for channel measurement until the last symbol of the PUSCH carrying the report.
-	An aperiodic CSI report used with aperiodic CSI-RS occupies a CPU from the first symbol after the PDCCH triggering the CSI report until the last symbol of the PUSCH carrying the report.
<START OF TEXT PROPOSAL 8>
2.7. Time location of CSI reference resource
The time location of CSI resource is defined as the smallest value greater than or equal to n minus a slot offset ( for CSI reports with CRI,  for CSI reports without CRI), such that it corresponds to a valid downlink slot, where CSI report is transmitted in UL slot n. If UL and DL carriers have different numerologies, the actual time location of CSI reference resource is not clear from the specification. Since CSI reference resource is defined as DL slot, the slot offset should be counted in DL numerology, however it is not clear which DL slot to take as a reference to UL slot n. The example of CSI reference resource location for the case of different numerologies is represented in figure 1 for 15 kHz UL subcarrier spacing (SCS) and 30 kHz DL SCS.



Figure 1. Ambiguity of time location of CSI reference resource
Observation: 
· The time location of CSI reference resource is not clearly defined for the case of different UL and DL numerologies
In order to solve the above issue the following text proposal was made.
Text proposal 9:
Capture the following text proposal to section 5.2.2.1.1 of TS 38.214
<START OF TEXT PROPOSAL 9>
-	In the time domain, for a UE configured with a single CSI resource set for the serving cell, the CSI reference resource for a CSI reporting in uplink slot n is defined by a single downlink slot nm-nCQI_ref, 
-	if , m is the latest slot in DL numerology which fully overlaps in time with the UL slot n,
-	if , m is the latest slot in DL numerology prior to start of UL slot n,
-	if , slot m in DL numerology corresponds to the UL slot n,
-	where for periodic and semi-persistent CSI reporting
-	if a single CSI-RS resource is configured for channel measurement nCQI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
-	if multiple CSI-RS resources are configured for channel measurement nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.
<END OF TEXT PROPOSAL 9>
Examples of time location of CSI reference resource are represented in the below figure for the cases of  and . 


Figure 2. Time location of CSI reference resource
3. Conclusion
In this contribution possible corrections to the specification are discussed, 9 text proposals on the following issues were made
· Number of DCIs with aperiodic CSI request per slot
· Mapping of CSI in binary domain
· Multiple CSI-RS resources for Type II CSI
· Corrections to aperiodic CSI slot offset
· Corrections to aperiodic CSI-RS slot offset
· CPU occupancy rules
· Time location of CSI reference resource
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