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Introduction
In RAN#80 meeting, specifications of NR Rel-15 were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on maintenance for the details of NR Rel-15.  There are some issues on CSI acquisition, including CSI measurement and CSI reporting. We provide our views on these open issues in this contribution.
CSI measurement
Mandatory support for non-PMI feedback
In previous RAN1 and RAN meetings, it has been discussed whether the following feature group should be mandatory or optional.
	2-38
	CSI report without PMI
	Support CSI report without PMI
	2-35
	Yes
	CSI report without PMI is not supported
	Type 4
	No need
	Yes
	
	
	
	
	


This feature is non-PMI feedback for DL CSI acquisition, where UE just reports RI and CQI based on CSI report configuration. Specifically, gNB acquires channel information based on reciprocity in gNB side, but gNB cannot acquire correct information about interference which affects the best transmission rank. Then based on the CSI acquired from reciprocity, gNB transmits beamformed CSI-RS to let UE measure the beamformed channel and interference. UE measure the CSI-RS/IMR to calculate the RI and CQI. To calculate CQI, UE can just measure a part of the configured ports based on the configured non-PMI-PortIndication. Further, the precoding assumption to calculate CQI is an identity matrix on the configured partial CSI-RS ports. Hence UE does not need to search PMI to calculate and report CQI.   
Based on the above analysis, the complexity of non-PMI feedback is extremely low compared to Type I or Type II codebook.
· The required reciprocity is on gNB side. For UE side, UE just need to calculate RI and CQI based on identity matrix on semi-statically configured port indices. UE is not required to calibrate for reciprocity or search PMI. 
· As a matter of fact, non-PMI feedback is marked as low complexity CSI when determining Z and Z’ values [2]. 
On the other hand, based on previous evaluation [3], the performance gain is quite large for non-PMI feedback when reciprocity holds in gNB side. Since the gNB determines the beamformer based on channel reciprocity, it is not limited to the DFT beams defined in standardized codebooks.  The beamformer acquired from this approach is usually more accurate than codebook based feedback.  This is the advantage for the system with channel reciprocity especially for TDD.  This approach has been used and implemented for practical TDD systems.  If non-PMI based feedback is not supported, the only way to do the feedback is codebook based CSI feedback which causes RI/CQI mismatch and hence significant performance degradation since the precoder assumption is not consistent with actual beamformer used as shown in our previous evaluation.  In addition, it causes unnecessary PMI feedback overhead.  
In RAN#80, there is some concern on mandating this feature for FDD. However, even for FDD, there is no extra requirement on UE side. All the implementation to make use of reciprocity or statistical reciprocity is on gNB side. The UE behavior is same for TDD and FDD. Further, non-PMI feedback is marked as low complexity CSI regardless of FDD or TDD in RAN1 specifications. Therefore, we support to make non-PMI feedback mandatory.
Proposal 1: Support 2-38 CSI report without PMI as a mandatory feature.
CSI reporting
Reference resource timing when DL/UL SCSs are different
In LTE, the CSI timing is measured by the difference between UL and DL slot indices. For example, for reference resource definition, if CSI is reported in slot n, the reference resource is located in DL slot n-nCQI_ref. However, DL and UL SCSs can be configured flexibly in NR. In LTE definition, subframe n is indexed based on UL subframe and subframe n-nCQI_ref is indexed based on DL subframe, and there is no confusion on this since both UL and DL have the same numerology. When DL and UL have different numerologies, the time gap between CSI report and reference resource can be quite large or small.
This is a common issue in several occasions involving CSI timing including the following cases
· Case 1: A-CSI scheduling offset 
· Case 2: reference resource definition. 
However, in current specification, two different solutions are defined to solve this issue in these two cases [2]. 
For Case 1, UL/DL slot timing is determined based on the difference between DL and UL SCSs as follows
	


[bookmark: _Hlk497992508]The slot where the UE shall transmit the PUSCH is determined by K2 as  where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively.


For Case 2, UL/DL slot timing is determined based on the minimum value between UL and DL SCSs as follows.
	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 n-nCQI_ref,
-	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 , such that it corresponds to a valid downlink slot.


The solutions in these two cases are proposed in last meetings’ contributions as the following two alternatives [4].

Alt 1: When CSI is reported in slot n’, CSI reference resource is located in slot n-nCQI_ref, where 
· 
 if a single resource is configured for channel measurement
· 
 if multiple resources are configured for channel measurement
Alt 2: The value of nCQI_ref depends on the minimum SCS of DL and UL
For reference resource location, the current specification adopts Alt 2 without any official agreement. The above two Alts are shown in the following Fig.1.


Fig.1 CSI timing when UL and DL SCSs are different


In Fig.1, we depict both the cases that and . 
· 
For the case that : It can be observed that if we follow the solution in Alt 2, the reference resource appears after the CSI report, which is incorrect. Even if we consider the maximum value of DL and UL SCS in nCQI_ref, the reference resource is located in DL slot 3. The time between UL report and reference resource is less than 1 slot, which is not sufficient for CSI reporting. If we follow Alt 1, the reference resource is in Slot 0, which provides almost 4 slots for CSI computation and is aligned with previous agreement on reference resource. 
· 
For the case that : If we follow Alt 2 or the maximum of DL and UL SCS in nCQI_ref, the time between reference resource and UL report is too large, which leads to a waste of CSI-RS samples. It can be observed that Alt 1 works well in this case.
The rationale behind Alt 1 is to translate the UL slot index to DL based on the fact that the physical time period and the time beginning, i.e., the start of Slot 0, are aligned for DL and UL. To be noted, Alt 2, which is the solution in TS 38.214 to the timing of CSI reference resource, hasn’t been agreed officially. Based on the above analysis, we think Alt 1 is a better solution, and it’s aligned with the solution in A-CSI scheduling offset and previous agreement on the time requirement for CSI processing. Hence we have the following proposal.

Proposal 2: For periodic and semi-persistent CSI reporting, when CSI is reported in slot n’, CSI reference resource is located in slot n-nCQI_ref, where 
· 
 if a single resource is configured for channel measurement
· 
 if multiple resources are configured for channel measurement
CPU occupancy description
In last meeting, the following are agreed on the CPU occupancy rules for CSI reporting
· When single DCI triggers N>=1 A-CSI reports based on A-CSI-RS (each with single CSI-RS resource in the set for channel measurement), 
· min(M, N) CPUs are occupied from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH carrying the report
· For A/P/SP CSI reporting based on P/SP CSI-RS
· The CSI reporting setting associated with P/SP CSI-RS/CSI-IM resource is assigned Ks CSI processing unit(s) and occupied from the earliest one of the first symbol of the latest CSI-RS/CSI-IM resource earlier than the corresponding CSI reference resource until the last symbol of the PUSCH/PUCCH carrying the report
· When triggered with a CSI report with a set containing Ks > 1 CSI-RS resources for channel measurement
· For Ks=2, at most 16 CSI-RS ports per CSI-RS resource can be configured
· For 8>=Ks>2, at most 8 CSI-RS ports per CSI-RS resource can be configured
· The CSI report occupies Ks CSI processing units and the latency requirement for each unit is calculated based on (Z, Z') according to the High latency CSI class with the Z values in Table 5
The above indicates that for AP CSI based on AP CSI-RS, CPU(s) is occupied from the first symbol after PDCCH. However, for AP CSI based on the P/SP CSI-RS, CPU(s) is occupied from the first symbol of the latest CSI-RS/CSI-IM earlier than the CSI reference resource. In the current specification, the CPU occupancy is described as follows.
	[bookmark: _Toc517439482]5.2.1.6	CSI processing criteria
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 measurement, 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:
-	A CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP' or 'none' occupies one CPU.
-	A CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP' or 'none' occupies CPUs, where is the number of CSI-RS resources in the CSI-.RS resource set for channel measurement. 
-	A 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 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.
-	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.




Fig. 2 CPU occupancy for AP CSI based on P/SP CSI-RS
The above description cause some confusion about the case of AP CSI based on P/SP CSI-RS. As shown in the above Fig. 2, an AP CSI m based on P/SP CSI-RS is triggered in slot n, where its latest CSI-RS before the reference resource locates in Slot n-2. Assuming in slot n-2, the number of unoccupied CPUs is 0, and in slot n-1, a CSI report other than the AP CSI m is transmitted in slot n-1. Then the number of unoccupied CPUs after the AP CSI m is triggered in slot n is 1. In this case, our understanding is that AP CSI report m cannot be updated because there is no available CPU when this CSI intends to occupy CPU. But according to the current specification, it can be updated. A TP is needed to clarify this case.
Further, it’s also not clear that when multiple reports based on P/SP CSI-RS have the same first symbol of the latest CSI-RS/CSI-RS resource earlier than the corresponding CSI reference resource, how gNB will expect which of them can be updated. The same principle based on CSI priority shall be applied.
Based on the above analysis, we have the following TP.
TP: For TS 38.214,
	5.2.1.6	CSI processing criteria
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 measurement, 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. 
If a given OFDM symbol t is 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 reports including periodic CSI reports, semi-persistent CSI reports and aperiodic CSI reports using periodic or semi-persistent CSI-RS, where each CSI report requires occupying  CPUs, the UE is not required to update the  CSI reports with lowest priority (according to Subclause 5.2.5), where is the largest value such that  holds. 
Processing of a CSI report occupies a number of CPUs for a number of symbols as follows:
-	A CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP' or 'none' occupies one CPU.
-	A CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'cri-RSRP' or 'none' occupies CPUs, where is the number of CSI-RS resources in the CSI-.RS resource set for channel measurement. 
-	A 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 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.
-	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.



Conclusion
In this contribution, we discuss remaining issues in CSI acquisition. Based on the discussion, we have the following proposal.
Proposal 1: Support 2-38 CSI report without PMI as a mandatory feature.

Proposal 2: For periodic and semi-persistent CSI reporting, when CSI is reported in slot n’, CSI reference resource is located in slot n-nCQI_ref, where 
· 
 if a single resource is configured for channel measurement
· 
 if multiple resources are configured for channel measurement
We also provides a TP to clarify the CPU occupancy for CSI reports.
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