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1. Open issues on CSI framework
In RAN1#88bis, following agreements were made under CSI acquisition framework agenda:

	Agreements:
· At least the following additional information should be supported:

· Information related to resource power for channel measurement resource

· Zero power is NOT allowed

· 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.

· 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.

Agreements:
· Semi-persistent CSI reporting is not supported for aperiodic CSI-RS.

· Note: This doesn’t preclude one CSI report carried by multiple UL reporting instances

Agreements:
Based on at least the supported number S of CSI-RS resource sets and number of CSI-RS resources Ks 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 

Agreements:
· RAN 1 should support common configuration framework for beam management and CSI acquisition
· Aspects specifically related to beam management into the merged framework to be incorporated

· Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)


Following up the agreements so far, we listed open issues on CSI framework as follows.
· Commonality/difference on configurations for CSI acquisition and for beam management
· E.g. maximum number of configurable settings in RRC, maximum number of simultaneously triggered/activated settings, support of resource setting(s) with no linkage to reporting setting(s)
· Dynamic signaling for aperiodic CSI-RS, semi-persistent CSI-RS, aperiodic CSI reporting, and semi-persistent CSI reporting

· For aperiodic CSI-RS triggering and aperiodic CSI reporting, respectively

· Option 1: use RRC + MAC CE + DCI 

· Option 2: use RRC + DCI 
· Option 3: support both options
· For semi-persistent CSI-RS triggering and semi-persistent CSI reporting, respectively

· Option 1: use RRC + MAC CE 

· Option 2: use RRC + DCI 
· Option 3: support both options
· Supportable combinations of CSI reporting, CSI-RS, and IMR in terms of time domain behavior

· Note: all supportable combinations between CSI reporting and CSI-RS are confirmed in RAN1#88bis.

· Exact definitions of partial band CSI and subband CSI 

· Note: definitions of partial band and subband CSI reporting captured in TR38.802 has multiple options in their definitions currently.

· Whether to support CSI-RS timing offset X other than X=0?

· If multiple values are supported, how to configure X?

· CSI reporting timing offset Y is fixed or configurable?

· If Y is configurable, how to define lower limit of Y?

· If Y is fixed, what values are supported?

· Parameters to determine Y if multiple values of Y are supported

· How to support hybrid CSI mechanisms? (e.g. via linkage between settings, etc.)
· Whether/how to support rate matching? (e.g. analogous to ZP CSI-RS in LTE)

· Resource power value related details (e.g. whether to include this for IMR)

In this contribution, we share LG’s view on above issues.

2. Support of DL beam management within CSI framework
One of main functionality of CSI acquisition is the selection of TRP beam via UE feedback information such as PMI and CRI. Purpose of DL beam management is also to select beam(s), and TRP Tx beam can be selected via UE feedback information with similar contents (e.g. CRI). Additional functionality of DL beam management is to support selection of UE Rx beam, but UE Rx beam selection can be simply supported by applying special CSI-RS configuration, e.g., multiple repeated Tx beams via multiple CSI-RS symbols or sub-symbols (e.g. by using IFDMA, larger subcarrier spacing, etc.) for P-1 and P-3 procedures. For P-3 operation, beam reporting will not be needed while gNB still need to transmit abovementioned type of CSI-RS. This operation can be simply supported by allowing resource setting(s) with no linkage to any reporting settings. Network can support P-3 in periodic, semi-persistent, or aperiodic way via allowing this. 

Proposal 1: Support resource setting(s) with no linkage to any reporting settings at least for P-3 operation. 

 Regarding maximum configurable number of CSI-RS resources, which may dependent on UE capability, it is more reasonable to set the number separately for CSI-RS for CSI acquisition and CSI-RS for beam management, respectively. It is because each CSI-RS resource for beam management can only contain a few antenna ports and the required computation for beam reporting is expected to be much lighter than normal CSI feedback computation. In addition, the number of TRP beams can be very large (e.g. several hundreds) so that supporting a large number of CSI-RS resources would be an essential option for beam management. 
Proposal 2: The maximum configurable number of CSI-RS resources need to be set separately for beam management and CSI acquisition, respectively.
3. Dynamic signaling aspects
For both semi-persistent CSI-RS and CSI reporting, it is desirable to use MAC CE for activation and deactivation. It is because the impact of misdetecting DCI can be huge in these cases unless ACK/NACK transmission on DCI reception is defined. Channel estimation can be corrupted when missing deactivation signaling and data demodulation performance can also be seriously degraded due to incorrect rate matching when missing activation signaling. DCI overhead is also a considerable point if there are multiple resources to be activated/deactivated for semi-persistent CSI-RS in addition to aperiodic CSI-RS. Therefore, MAC CE signaling which provide larger payload and ACK/NACK protection seems to be more appropriate for activation and deactivation signaling.

Proposal 3: Semi-persistent CSI-RS and CSI reporting are activated/deactivated by MAC CE.
For aperiodic CSI-RS triggering, following two options were agreed in RAN1#88bis:
•
Option 1: use RRC + MAC CE + DCI 

•
Option 2: use RRC + DCI
In LTE eFD-MIMO, Option 1 was adopted to control DCI overhead within a reasonable range. In NR, the maximum configurable number of CSI-RS resources is expected to be increased due to the existence of resource sets and resources within it. Accordingly, adopting Option 1 seems more reasonable as well in NR.
For aperiodic CSI reporting, it is more desirable to limit the maximum configurable number of reporting settings to be a small number in RRC configuration level to avoid excessive CSI computations. Thus, no additional use of MAC CE signaling is needed.
Proposal 4: Use RRC + MAC CE + DCI for aperiodic CSI-RS.
Proposal 5: Use RRC + DCI for aperiodic CSI reporting.
4. Combinations of CSI-RS and IMR

Allowing flexible measurement settings is desirable for NR, which may include supporting any combinations between aperiodic/semi-persistent/periodic resource setting for channel measurement and aperiodic/semi-persistent/periodic resource setting for interference measurement. More specifically, considering semi-persistent or periodic CSI reporting, semi-persistent or periodic IM resource may need to be considered to avoid or minimize L1/L2 control signaling. Also, aperiodic CSI-RS setting can be associated with semi-persistent or periodic IMR for aperiodic CSI reporting. Conversely, semi-persistent or periodic CSI-RS can also be associated with aperiodic IMR for aperiodic CSI reporting. 

Proposal 6: For each reporting setting, measurement setting should support linking to all combinations of aperiodic/semi-persistent/periodic NZP CSI-RS for channel measurement and aperiodic/semi-persistent/periodic resource for interference measurement.
5. Frequency granularity of CSI related issues
In TR38.802, the definitions of wideband, partial band, and subband CSI reporting are captured as follows: 
	For CSI reporting for a component carrier, at least three different frequency granularities are supported.

-
Wideband CSI

-
Wideband size is determined by UE RF capability of receiving DL signal. Location of wideband could be configurable by network. For example, wideband CSI is used for analog beam management at least.

-
Partial band CSI

-
Alt1. UE-specifically configurable bandwidth 

-
Alt2. The size is determined by the composition of numerologies or scheduling time units within the UE-specific wideband.
-
Applicable only when different numerology or scheduling time unit are multiplexed within wideband.
-
For example, partial band CSI is used for analogue beam management and for managing CSI per service at least.
-
Subband CSI

-
The band size is determined by dividing wideband or partial band to multiple bands. For example, subband CSI is used for frequency selective scheduling and subband precoding at least.


As we can see, there are two options for defining partial band CSI. In addition, there is an ambiguity of subband size for CSI reporting. In later part of TR38.802, CSI reporting band is also defined as follows:
	-
CSI reporting band is defined as a collection of (contiguous or non-contiguous) subbands pertinent to a CSI reporting setting. Three frequency granularities are supported, i.e., wideband reporting, partial band reporting, and subband reporting. At least some combination(s) of the CSI parameters (e.g., CRI, RI, PMI, CQI, etc.) can be configured to be omitted from reporting within a CSI reporting setting.


One of the main motivation of introducing partial band CSI reporting was to measure different CQI in case of different services are FDMed within the wideband. When the band with different numerologies is semi-statically multiplexed in different parts of bands within the wideband, channel and interference condition can be different per numerology/service. Another example is when multiple scheduling time units are applied to different parts of band, e.g. shorter symbol frame structure being applied to certain part of band for URLLC with the same numerology. In these cases, CSI measured in different parts of band should belong to partial band CSI reporting. In this regard, CSI reporting band should not be set across multiple numerologies or scheduling time units.
For wideband CSI reporting parameters, ‘CSI reporting band’ does not need to be configured. Beam reporting, e.g. CRI, port index, and L1 RSRP(s) for selected port(s), should be included as a wideband CSI reporting. A beam can be interpreted as an analog beam in general which is typically generated by controlling phase shifters of each antenna elements. These phase shifters are not typically separately installed per different part of bands so that a beam should be commonly applicable for any part of wideband. CSI reporting granularity can be understood from feedback information usage perspective so that RS for beam management does not necessarily to be wideband RS but the usage of the feedback information such as best beam index(es) and beam RSRP can be applicable to any part of band. 

With respect to subband CSI reporting, subband CQI and subband PMI can be considered for frequency selective scheduling and subband precoding, respectively, as in LTE. RI could be common for wideband or partial band. Subband size can be dependent on system BW, wideband size, or partial band size. In any case, CSI reporting band can be configured for subband reporting so that subbands are confined within the CSI reporting band. If it is not configured, subbands can be defined with respect to wideband analogous to subband reporting in LTE.

Proposal 7: Followings are proposed for frequency granularities of CSI:
· For wideband CSI, CSI reporting band is not configured.

· For partial band CSI, CSI reporting band is configured in RRC.
· A CSI reporting band is not allowed to be set across multiple numerologies nor multiple scheduling time units.

· For subband CSI, CSI reporting band may or may not be configured in RRC.
· If configured, subbands are confined within the configured band.

· If not configured, subbands are defined within the wideband.
6. CSI timing issues
In Jan. NR Ad-hoc meeting, there were discussions and agreements on CSI reporting timing offset Y. CSI reporting may not be able to be performed within the same slot where CSI reporting is triggered depending on various conditions for DL-UL mixed slot structure in NR. The possibility has dependency on required CSI computation delay as well. A wide range of required CSI computation time can be considered with different situations on number of CSI measurement/resource/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc. Especially, it has dependency on when CSI-RS is transmitted and measured. If CSI-RS was received relatively long time before CSI reporting triggering message is received, and the UE started to CSI calculation as soon as the UE received the CSI-RS for the possible CSI report in the future, immediate reporting could be supportable by UE implementation even for heavy CSI computation cases. In this regard, setting a minimum time gap for CSI computation would be helpful to support various reporting timings for supporting various latency requirements. The time gap can be dependent on CSI parameters and UE capability. If CSI-RS is triggered within the time gap, the measured channel shall not be used for the CSI calculation for the reporting. If CSI-RS and CSI reporting are triggered at the same time, the minimum time gap should be guaranteed between the value of Y and the value of X. Since each reporting setting shall include reported CSI parameter(s), CSI Type (I or II) and codebook configuration (e.g. codebook size), it can be considered to set CSI reporting offset Y from these information. If a rule to determine Y according to above mentioned conditions is set-up, the value of Y may not needs to be explicitly signaled to UE. Or it is also possible to set Y by network signalling, but in this case, lower limit of Y should be predefined by a rule considering abovementioned conditions.
Proposal 8: Support multiple values of CSI reporting timing offset Y. The value of Y (if Y is fixed) or the lower limit of Y (if Y is configurable) should be determined by parameters included in the reporting setting (e.g. CSI feedback parameter(s), reporting mode, codebook configuration) at least. Other conditions such as nearest CSI-RS transmission timing, DL-UL slot structure, UE capability, number of CSI related settings can also be taken into account.
7. Support of hybrid CSI mechanisms

Hybrid CSI mechanism can be simply supported by using two reporting settings where each reporting setting is linked with its own resource setting(s) for channel and interference measurement. This operation may be supported without any additional specification support. One mechanism we need to think about further is that CSI calculation is done across port-wisely beamformed CSI-RS ports where some ports represent channel and the other ports represent interference. The beamforming coefficients can be found from the previously performed CSI measurement and reporting (corresponding to 1st eMIMO type in LTE). In this mechanism, TRP could decide MU pair and MU precoder based on CSI reporting in previous stage so that N port CSI-RS can be transmitted where ports are beamformed for different UEs. In this case, network can indicate same CSI-RS resource to multiple UEs but which ports are used either for channel or interference can be different per UE. 
Proposal 9: Consider configuration of a CSI-RS resource used for both channel measurement and interference measurement for hybrid CSI mechanisms.
8. Rate matching aspects

Besides NZP CSI-RS and IMR, configuration of ZP CSI-RS was supported in LTE for PDSCH rate matching purpose. This feature is an important feature to avoid using REs which is expected to be severely corrupted with high probability. It is also useful to protect neighbor TRP’s CSI-RS. Unfortunately, this feature has not been discussed so far but we believe it is an essential feature in NR as well. We can consider to extend the idea of rate matching to RS types other than CSI-RS. Time domain behaviors are also needed to be defined. From CSI framework perspective, we need to decide whether we use CSI framework to indicate resources for rate matching or not. Please refer to our companion contribution [1] for detailed views on these rate matching related issues.
Proposal 10: Decide whether to indicate resources for rate matching through CSI framework or not.
9. Resource power value related details

In RAN1#88bis, resource power value related information was agreed to be configured in resource setting but several open issues are remained. Remaining issues are quite relevant to the decision on which type of IMR is additionally introduced besides ZP CSI-RS based IMR. If NZP CSI-RS based IMR is introduced in NR, non-zero values needs to be allowed in the resource setting(s) configured to be used for interference measurement. Support of multiple non-zero values will be useful as well because UE could apply the value for adjusting interference power to reflect different power assumptions considering different MU and power boosting assumptions between CSI-RS and PDSCH transmissions.
Proposal 11: Allow configuration of non-zero values as resource power for IMR.
10. Conclusion

This contribution discussed resource/measurement/reporting settings for CSI acquisition framework in NR. Following proposals are given, based on the discussion:

Proposal 1: Support resource setting(s) with no linkage to any reporting settings at least for P-3 operation. 

Proposal 2: The maximum configurable number of CSI-RS resources need to be set separately for beam management and CSI acquisition, respectively.
Proposal 3: Semi-persistent CSI-RS and CSI reporting are activated/deactivated by MAC CE.
Proposal 4: Use RRC + MAC CE + DCI for aperiodic CSI-RS.
Proposal 5: Use RRC + DCI for aperiodic CSI reporting.
Proposal 6: For each reporting setting, measurement setting should support linking to all combinations of aperiodic/semi-persistent/periodic NZP CSI-RS for channel measurement and aperiodic/semi-persistent/periodic resource for interference measurement.

Proposal 7: Followings are proposed for frequency granularities of CSI:
· For wideband CSI, CSI reporting band is not configured.

· For partial band CSI, CSI reporting band is configured in RRC.
· A CSI reporting band is not allowed to be set across multiple numerologies nor multiple scheduling time units.

· For subband CSI, CSI reporting band may or may not be configured in RRC.
· If configured, subbands are confined within the configured band.

· If not configured, subbands are defined within the wideband.
Proposal 8: Support multiple values of CSI reporting timing offset Y. The value of Y (if Y is fixed) or the lower limit of Y (if Y is configurable) should be determined by parameters included in the reporting setting (e.g. CSI feedback parameter(s), reporting mode, codebook configuration) at least. Other conditions such as nearest CSI-RS transmission timing, DL-UL slot structure, UE capability, number of CSI related settings can also be taken into account.
Proposal 9: Consider configuration of a CSI-RS resource used for both channel measurement and interference measurement for hybrid CSI mechanisms.
Proposal 10: Decide whether to indicate resources for rate matching through CSI framework or not.
Proposal 11: Allow configuration of non-zero values as resource power for IMR.
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