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Introduction
Since RAN1 #AH_NR1, several WFs on CSI acquisition [1-10] were discussed.  Some remaining open issues include [11-14]:
CSI-RS activation mechanism
· Maximum number of CSI reporting settings, maximum number of resources settings, maximum number of resource sets, maximum number of links in CSI measurement setting, and/or maximum number resources per resource set in both non-CA and CA scenarios
· Based on at least the supported number of CSI-RS resource sets and number of CSI-RS resources per resource set, agree to specify one or both of these options for aperiodic CSI-RS
· Option 1: use RRC + MAC CE + DCI 
· Option 2: use RRC + DCI 
CSI parameters
· Study applicability of CRI, CQI, Spatial Channel Information (e.g. PMI, channel covariance matrix information), and RI are applicable for Type II CSI.
· Including whether CRI is needed for type II CSI
· Detailed design to turn off some of the CSI parameters.
Aperiodic CSI reporting
· NR supports mechanism(s) to trigger aperiodic CSI-RS and aperiodic CSI reporting simultaneously.
· FFS: signaling details (e.g. single DCI or separate DCI)
· FFS: method(s) for interference measurement  
· FFS: reference resource of aperiodic CSI reporting
· For aperiodic CSI-RS timing offset X, support X=0 at least, if aperiodic CSI-RS triggering is done by DCI
· FFS: supporting other values of X
· FFS: aperiodic CSI report on PUCCH
Semi-persistent and periodic CSI reporting
· FFS in each semi-persistent or periodic CSI reporting setting, reporting periodicity is additionally included in the configuration information
· FFS other information that can be included (e.g. timing offset, etc.)
Information related to resource power
· At least the following additional information should be supported:
· FFS: Information related to resource power for interference measurement resource
· Zero power is allowed.
· FFS: Details, e.g., signaling design, units (e.g., RS EPRE)
· Note: Focus of the bullets above doesn’t apply for resource for rate matching.
In this contribution, we discuss open issues in CSI framework.
Discussion
Values in CSI framework
As shown in Figure 1, the agreed CSI framework is governed by a set of values:
· N	number of CSI reporting settings
· M	number of resources settings
· S	number of CSI-RS resource sets
· L	number of links in CSI measurement setting
· Ks	number resources in the sth CSI-RS resource set
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Figure 1: Illustration of CSI framework in NR.
The aforementioned CSI framework is very flexible and can be used for various scenarios.  For example, in case of non-CoMP, a UE can be configured with a two CSI reporting settings with one for Type I report and the other for Type II report.  Separate NZP CSI-RS resources can be associated with each CSI reporting settings to enable hybrid CSI acquisition, e.g., one CSI reporting based on a 32-port non-precoded CSI-RS resource and the other CSI reporting based on a 4-port beamformed CSI-RS resource.  For another example, in case of multi-TRP transmission, a UE can be configured with 4 CSI reporting settings with each associated with a NZP CSI-RS resource from one out of 3 TRPs and a ZP CSI-RS resource as IMR.  In this case, the CSI reporting setting is analogous to CSI process in LTE.  
It’s worth noting that the UE CSI computational complexity highly depends on the maximum values of (N, M, S, L, Ks).  However, if we separately define the maximum value for each component in (N, M, S, L, Ks), the actually required CSI processing capability may be overestimated.  For example, for non-CoMP operation, a UE may need to be configured with a single CSI reporting which is associated with up to eight 8-port CSI-RS resources in one CSI-RS resource set to support LTE CLASS B-like operation, i.e., Ks = 8 and N = 1.  But in case of CoMP, it’s unclear how much gain can be obtained by request LTE CLASS B-like CSI feedback for individual TRPs.  So, in this case, Ks = 1 and N = 4 seem to be a reasonable maximum value.  If we always assume Ks = 8 regardless of the value of N, the UE CSI processing capability may be overdesigned.  The value of N also depends on the number of CSI-RS resources associated with each CSI report and the number of ports in the associated CSI-RS resources.
[bookmark: _Toc485397524][bookmark: _Toc485397777][bookmark: _Ref485396703]Observation 1: The feasible values of N, M, S, L, Ks depend on each other and the number of associated CSI-RS ports.
Notice that the CSI reporting setting is analogous to CSI process in LTE.  Based on this, the maximum value of N shall not be larger than 4.  Each CSI reporting setting is linked to up to 2 resource settings, depending on the IMR type.  For ZP CSI-RS based IMR, 2 resource settings are needed.  For NZP CSI-RS based IMR, channel and interference measurement can share the same resource setting.  
Instead of defining the envelop of the CSI framework, the CSI processing capability can be characterized from some other aspects as proposed in [16].  The CSI computation capability of a UE should be defined as the minimum time required for generating a single aperiodic CSI report for a given set of CSI parameters (e.g., the number of CSI-RS ports, the CSI feedback type, etc.) and the number of CSI request it can handle in parallel.  
[bookmark: _Toc485397945]Proposal 1: 	Instead of the envelope of the CSI framework, define the minimum time required for generating a single aperiodic CSI report is preferred.
Dynamic indication of CSI-RS resources
It has been agreed that NR supports periodic, semi-persistent and aperiodic CSI-RS transmission.  For periodic CSI-RS transmission the CSI-RS resource is configured by RRC signaling.  It unnecessary to change the CSI-RS resource until the periodic CSI-RS transmission is reconfigured by RRC.  For semi-persistent and aperiodic CSI-RS transmission, the CSI-RS resource may be dynamically indicated to support CSI-RS resource sharing among a group of UEs.  The dynamic indication can be signalled by L1 and/or L2 signaling.
[bookmark: _Toc485397525][bookmark: _Toc485397778]Observation 2:	For periodic CSI-RS transmission, there’s no need to dynamically indicate the CSI-RS resource in configured resource settings.
[bookmark: _Toc485397946]Proposal 2: 	For periodic CSI-RS transmission, the CSI-RS resource is configured by RRC signaling.
According to the definition of resource setting, the dynamic triggering of a CSI-RS resource may include the signaling of s, the index of a CSI-RS resource set, if S > 1; and the signaling of the index of a CSI-RS resource within the indicated CSI-RS resource set, if Ks > 1.  There are two alternatives to signal those indices a UE:
· Alt-1: Indicated by L1 signaling (e.g., DCI)
· Alt-2: Indicated by a hybrid of L1 signaling and L2 signaling (e.g., MAC CE)
The feasibility of Alt-1 depends on the DL control channel design and the location of CSI-RS.  First, it’s related to the payload size of DCI.  Since a UE may be configured with one or multiple CSI-RS resource sets and each set may further include one or multiple CSI-RS resources.  If both indices are jointly encoded, up to bits need to be included in the DCI.  Second, it’s related to the control channel decoding latency and the location of CSI-RS.  As shown in Figure 1, in a DL-centric slot, the CSI-RS may be transmitted in the early part of a slot.  If a UE cannot decode the DCI before the symbol containing CSI-RS resources, the UE has to buffer the signals received on all CSI-RS resources in configured resource settings.  In case of UL-centric slot, the CSI-RS may be multiplexed with PDCCH and transmitted in the DL duration of a slot.  Similarly, the UE also has to buffer the DL symbols.  In both cases, there would be a significantly increase of UE complexity due to the buffering.  So, dynamic indication of CSI-RS resource solely via L1 signaling is problematic.
[bookmark: _Toc485397526][bookmark: _Toc485397779]Observation 3: 	Dynamic indication of CSI-RS resource in configured resource settings solely via L1 signaling may cause an increase in DCI payload size and an increase in UE complexity.
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Figure 2.  Indication of CSI-RS resource via L1 signaling.
Compared to L1 signaling, L2 signaling provides a more reliable way to indicate the CSI-RS resource for CSI-RS transmission.  As the L2 signaling is delivered via PDSCH, the gNB is aware of the reception of indication by a UE.  If the UE failed to receive the indication, the gNB can send it again.  This is an important mechanism for dynamic triggering semi-persistent CSI-RS transmission, as the UE won’t miss multiple shot of CSI-RS transmission.  
[bookmark: _Toc485397527][bookmark: _Toc485397780]Observation 4: 	Dynamic indication of CSI-RS resource in configured resource settings solely via L2 signaling can avoid missing of semi-persistent CSI-RS transmission.
[bookmark: _Toc485397947]Proposal 3: 	For semi-persistent CSI-RS transmission, activation/deactivation of one CSI-RS resource in the configured resource settings is indicated by L2 signaling.
But for aperiodic CSI-RS transmission, the indication is expected to be signaled in a timely fashion to facilitate fast sharing of CSI-RS resources.  Purely based on L2 signaling cannot meet such requirement.  This is because the L2 signaling is conveyed by PDSCH.  If the indication is transmitted in slot n, the CSI-RS transmission can only happen in slot n + k, where k ≥ 1.  With Alt-2, the dynamic indication of CSI-RS resource can be done in a two-step manner.  First, a L2 signaling can be used to activate/deactivate a subset of the configured CSI-RS resource sets.  Then, a L1 signaling can be employed to indicate the CSI-RS transmission on one of the CSI-RS resources in the activated CSI-RS resource sets.  The activation of a smaller number of CSI-RS resource sets can reduce the DCI overhead as well as the buffering requirements.
[bookmark: _Toc485397528][bookmark: _Toc485397781]Observation 5: 	Dynamic indication of CSI-RS resource in configured resource settings by a hybrid of L1 and L2 signaling provides a better tradeoff between efficiency and complexity for aperiodic CSI-RS transmission.
[bookmark: _Toc485397948]Proposal 4: 	For aperiodic CSI-RS transmission, activation/deactivation of S′ CSI-RS resource set(s) from a resource setting by L2 signaling, where S′ < S if S > 1.  The maximum number of activated CSI-RS resources is dependent on UE capability.
[bookmark: _Toc485397949]Proposal 5: 	For aperiodic CSI-RS transmission, one CSI-RS resource from the activated CSI-RS resource set(s) is indicated by L1 signaling.
Dynamic indication of CSI reporting settings
Regarding the triggering of semi-persistent CSI reporting, one may consider L1 and/or L2 signaling.  We notice that a UE may miss the activate/deactivation indication of a semi-persistent CSI reporting if it fails to decode the corresponding L1 signaling.  If a UE misses a deactivation signaling, it will keep transmitting CSI on the UL resource which may already be allocated to some other UE.  So, it’s more preferred to use L2 signaling to activate or to deactivate the semi-persistent CSI reporting.
[bookmark: _Toc485397950]Proposal 6: 	Semi-persistent CSI reporting is activated/deactivated by L2 signaling.
To provide a timely triggering, L1 signaling is favoured for triggering aperiodic CSI reporting.  When the aperiodic CSI reporting is based on an aperiodic CSI-RS, the aperiodic CSI-RS transmission and the aperiodic CSI reporting shall be triggered jointly.  Otherwise, a UE may receive an indication of aperiodic CSI reporting but fail to figure out which CSI-RS shall be used for the measurement, if the triggering of aperiodic CSI-RS is missed.  
[bookmark: _Toc485397951]Proposal 7: 	For aperiodic CSI reporting based on aperiodic CSI-RS, aperiodic CSI reporting and aperiodic CSI-RS transmission are jointly indicated by a single L1 signaling.
Timing for aperiodic CSI reporting
It’s agreed in RAN1#89 that NR supports aperiodic CSI report on PUSCH, including two cases: 
· Case-1: CSI reports multiplexing with uplink data in PUSCH
· Case-2: CSI reports only in PUSCH (no uplink data) that aperiodic CSI reporting 
For Case-2, we denote Y as the timing offset between the aperiodic CSI triggering and the CSI-only PUSCH transmission.  Basically, the value of Y implies that
· The UE has to finish CSI computation within Y slots; and
· The PUSCH resource will be available in Y slots.
It is open for discussion whether the value of Y is fixed or configurable by the network.  Clearly, a single fixed value of Y can ease the UE CSI processing timeline design.  However, we notice that a single fixed value of Y may be insufficient given that the NR has a flexible CSI framework which supports various CSI-RS configurations, CSI types, and different contents of CSI to report.  For example, the time for deriving a wideband CQI only reporting is much less than the time required for deriving a Type II subband PMI/CQI reporting.  For another example, the time for deriving a 4-port CSI reporting is much less than the time for deriving a 32-port CSI reporting.  So, the value of Y shall be dependent on the content of the CSI report, including number of CSI-RS ports, codebook types, and frequency granularity of CSI components to be reported, etc.  On the other hand, however, such content dependency increases UE implementation complexity.  Unless sufficient performance gain is observed, we shall strive to minimize the candidate values of Y.
We don’t see any necessity for allowing configurable timing for Case-2.  As the aperiodic CSI reporting supposes to provide the latest CSI, the value of Y should be as small as possible to make sure the gNB can acquire the latest CSI.  Not to mention that a configurable timing needs more sophisticated scheduling of UL resources and more buffering requirements in UE implementation.
[bookmark: _Toc485397952]Proposal 8: 	For aperiodic CSI reporting via PUSCH without UL data, the value of aperiodic CSI reporting timing is fixed and is dependent on the content of CSI report, at least including the number of CSI-RS ports and the codebook type.  Strive to minimize the candidate values of Y.
For Case-1, the aperiodic CSI request is included in the UL data grant.  So, the timing offset between the aperiodic CSI triggering and the aperiodic CSI reporting is equivalent to the timing offset between the UL data grant and the UL data transmission, i.e., K2.  In the UL grant, a UE can be dynamically indicated with a value of K2 from a set of candidate values which are semi-statically configured.  The value of K2 shall be selected for both CSI report preparation and UL latency reduction.  In general, two options can be considered to configure candidate values of K2.
· Option-1: A UE is configured with two sets of candidate values of K2
· Option-2: A UE s configured with a single set of candidate values of K2 
In Option 1, one set is used for PUSCH without aperiodic CSI report, in which the minimum values of K2 can support fast UL data transmission.  The other set can be used for PUSCH with both UL data and aperiodic CSI report, where the CSI computation can be done within the time corresponding to the minimum value of K2. 
To avoid configuration of two sets of candidate values of K2 via RRC signaling, the single set in Option-2 can be designed by leveraging , the values for data-only PUSCH, and the values of Y for CSI-only PUSCH.  Noticed that the single set can be based on the set of , or the set of Y, or both.  Some rules may be needed to handle cases like min Y > min .  For example, if both data and CSI is transmitted via PUSCH, some values in the set are invalid and cannot be indicated in the UL grant.
[bookmark: _Toc485397953]Proposal 9: 	A single set of K2 is configured for PUSCH with and without CSI.  A subset of those K2 values may be only applicable to PUSCH without CSI.
Information related to resource power
It’s a working assumption that NZP CSI-RS can be used as interference measurement resource, in addition to ZP CSI-RS.  Note that the NZP CSI-RS based IMR can be configured as part of a resource setting.  A UE can be configured by CSI measurement setting that whether a resource setting shall be used for channel measurement or interference measurement.  For the resource setting used for interference measurement, either zero-power or non-zero-power can be configured for different types of IMR.
[bookmark: _Toc485397954]Proposal 10: 	For interference measurement resource, either zero-power or non-zero-power can be configured.
For CSI measurement, the UE needs to assume the PDSCH transmit power for CQI computation based on channel estimation using CSI-RS.  For this purpose, the UE doesn’t need to know the absolute transmit power of PDSCH and/or CSI-RS.  But the UE need to be aware of the relative ratio of those two powers.  Similar to LTE, a UE can be configured with the PDSCH EPRE to CSI-RS EPRE ratio.  
[bookmark: _Toc485397955]Proposal 11: 	For CSI measurement, support configuration of the PDSCH EPRE to CSI-RS EPRE ratio. 
CSI parameters
The motivation of Type II CSI feedback is to provide high spatial resolution with affordable overhead.  For Type II Cat 1, the typical use case would be CSI feedback based on a non-precoded CSI-RS resource which contains a large number of antenna ports (e.g., 32 ports).  In this case, UEs in a cell share a single non-precoded CSI-RS resource.  Apparently, there’s no need to report CRI if a UE is configured with a single CSI-RS resource.  Another possible use case for Type II CSI feedback is that a UE is configured with multiple beamformed CSI-RS resources and each resource contains a medium number of antenna ports (e.g., 8 ports).  Higher spatial resolution feedback may be needed to combine the ports in the CSI-RS resource indicated by CRI reporting.  
[bookmark: _Toc485397956]Proposal 12: 	CRI is not applicable for Type II Cat 1 CSI feedback at least for X > 8 ports.
Conclusions 
To summarize, we discussed open issues in NR CSI framework.  We have following observations:
Observation 1: The feasible values of N, M, S, L, Ks depend on each other and the number of associated CSI-RS ports.
Observation 2:	For periodic CSI-RS transmission, there’s no need to dynamically indicate the CSI-RS resource in configured resource settings.
Observation 3: 	Dynamic indication of CSI-RS resource in configured resource settings solely via L1 signaling may cause an increase in DCI payload size and an increase in UE complexity.
Observation 4: 	Dynamic indication of CSI-RS resource in configured resource settings solely via L2 signaling can avoid missing of semi-persistent CSI-RS transmission.
Observation 5: 	Dynamic indication of CSI-RS resource in configured resource settings by a hybrid of L1 and L2 signaling provides a better tradeoff between efficiency and complexity for aperiodic CSI-RS transmission.
We propose following:
Proposal 1: 	Instead of the envelope of the CSI framework, define the minimum time required for generating a single aperiodic CSI report is preferred.
Proposal 2: 	For periodic CSI-RS transmission, the CSI-RS resource is configured by RRC signaling.
Proposal 3: 	For semi-persistent CSI-RS transmission, activation/deactivation of one CSI-RS resource in the configured resource settings is indicated by L2 signaling.
Proposal 4: 	For aperiodic CSI-RS transmission, activation/deactivation of S′ CSI-RS resource set(s) from a resource setting by L2 signaling, where S′ < S if S > 1.  The maximum number of activated CSI-RS resources is dependent on UE capability.
Proposal 5: 	For aperiodic CSI-RS transmission, one CSI-RS resource from the activated CSI-RS resource set(s) is indicated by L1 signaling.
Proposal 6: 	Semi-persistent CSI reporting is activated/deactivated by L2 signaling.
Proposal 7: 	For aperiodic CSI reporting based on aperiodic CSI-RS, aperiodic CSI reporting and aperiodic CSI-RS transmission are jointly indicated by a single L1 signaling.
Proposal 8: 	For aperiodic CSI reporting via PUSCH without UL data, the value of aperiodic CSI reporting timing is fixed and is dependent on the content of CSI report, at least including the number of CSI-RS ports and the codebook type.  Strive to minimize the candidate values of Y.
Proposal 9: 	A single set of K2 is configured for PUSCH with and without CSI.  A subset of those K2 values may be only applicable to PUSCH without CSI.
Proposal 10: 	For interference measurement resource, either zero-power or non-zero-power can be configured.
Proposal 11: 	For CSI measurement, support configuration of the PDSCH EPRE to CSI-RS EPRE ratio.
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