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1 Introduction

In RAN1 #88 meeting, the following agreements have been achieved:
· 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.)
· In NR MIMO CSI framework, study aspects related to hybrid CSI reporting (e.g., long-term vs. short-term, joint vs. separate configuration in one reporting setting and/or one resource, setting etc.)
· Study further activation mechanism (selecting N out of K NZP/ZP CSI-RS resources or resource sets, including joint trigger vs. separate triggers for resources, IMR, and/or reporting setting, reliability/latency associated with the activation, etc.) and the associated details (e.g., impact on DCI signalling, etc.) for aperiodic (AP) and semi-persistent (SP) CSI-RS
· For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported 

· FFS the applicability to CSI acquisition/beam management

· CRI functionality includes selection and reporting of indices for N out K NZP CSI-RS resources

· FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1

· FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)

In this contribution, we discuss further details of the design for CSI acquisition framework, especially focus on the above remaining issues from previous meetings.
2 CSI measurement setting configuration
It was agreed in RAN1 Ad Hoc meeting [1] that a UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L≥1 links. Although high flexibility is guaranteed by current CSI framework, an excessive use of the flexibility is prone to complicated overdesign, instead of targeting on the real problem.
In LTE, a limited number of CSI processes was defined as a collection of reporting configuration, and resource configuration, corresponding to the specific transmission mode. A restricted number of CSI processes imposes limited possibilities of reporting configuration and resource configuration, which provides certain degrees-of-freedom for CSI measurement and reporting, while benefits the signaling overhead, UE implementation, and the specification effort.
In NR, the highly flexible CSI framework should be exploited to fulfill the CSI measurement and reporting requirements of key use cases, rather than filled with excessive combinations of CSI reporting settings and resource settings. Since lots of combinations of reporting settings and resource settings may not provide satisfying gain, but require too much signaling overhead and consume too much effort in UE implementation and specification, it is reasonable to reduce the number of reporting settings, resource settings, and links, within a CSI measurement setting.
Proposal 1: Strive to minimize the number of CSI reporting settings, Resource settings, and links, within the CSI measurement setting.
3 CSI reporting configuration
3.1  Configurations for transmission scheme
In current framework, RRC configures multiple CSI reporting settings each of which configures multiple parameters to be reported, and then L1/L2 signalling selects one or more CSI reporting settings. Since CQI calculation should be based on a transmission scheme assumption, to support dynamic transmission scheme switching, transmission scheme should be included in each CSI reporting setting. By switching from one reporting setting selection to another, CSI based on different transmission scheme assumptions can be reported as change condition changes.

Proposal 2: Support configuration of transmission scheme in CSI reporting setting.
3.2 Configurations for hybrid operation

It was agreed in [1] that the CSI acquisition framework supports configurations that provide CSI similar to Rel-14 eFD-MIMO hybrid CSI mechanisms 1 and 2, and it was further agreed to study aspects related to hybrid CSI reporting, concerning aspects such as [2]

· Long-term vs. short-term

· Joint vs. separate configuration

In LTE Rel-14 eFD-MIMO, a new higher layer parameter eMIMO-Type2 was defined, and when configured to “CLASS B” together with the eMIMO-Type configured to “CLASS A” (or “CLASS B”) within a CSI process, it can support hybrid CSI mechanism 1 (or mechanism 2). 

As it was shown in Figure 1, the hybrid CSI mechanisms 1 and 2 can be fully supported in NR by configuring two CSI reporting settings. Due to different codebook configurations for “CLASS A” and “CLASS B”, it is preferred to configure the CSI reporting settings separately. The different time-domain behaviors (i.e. long-term vs. short-term in measurement, periodic vs. aperiodic in reporting, etc.) for each of the CSI reporting can also be well captured in the configuration information in the reporting settings, respectively.

Similarly, when considering the Resource settings, separate configuration is more applicable for different use cases. For hybrid operation mechanism 1, due to different number of ports for CSI-RS resources, separate configuration is suitable, where CSI-RS resources for “CLASS A” (usually with large number of antenna ports) and “CLASS B” (usually with smaller number of antenna ports) are to be included in different Resource settings, respectively. For hybrid operation mechanism 2, although both measurements and reports are “CLASS B” type, the CSI-RS resource transmission behavior (e.g. time-domain behavior) may still be different, which leads to separate configuration for each Resource setting.
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Figure 1. CSI acquisition framework configuration for hybrid operation.
Current NR agreements provide a much more flexible CSI acquisition framework, which can support broader hybrid operation. A two-stage CSI measurement and reporting mechanism is proposed in [3] for the dynamic spatial dimension reduction (DSDR) transmission strategy. In the first stage, the measurement and reporting is based on the wideband and long-term channel covariance matrices of all the UEs in a UE-group. In the second stage, the measurement and reporting is based on the subband and short-term effective channel in a lower dimension and the corresponding CSI (e.g. RI, PMI, CQI). In this regard, as shown in Figure 1, the CSI reporting setting (0) for the first stage is to be configured with aperiodic channel covariance matrix reporting, whereas the corresponding Resource setting (0) is to be configured with CSI-RS resource of larger number of ports and aperiodic transmission. The CSI reporting setting (1) for the second stage is to be configured with periodic or semi-persistent PMI reporting, whereas the corresponding Resource setting (1) is to be configured with CSI-RS resource of reduced number of ports and periodic or semi-persistent transmission.

Proposal 3: Support hybrid CSI operation by configuring at least two CSI reporting settings and at least two Resource settings

· Each CSI reporting setting corresponds to a different Resource setting

· CSI parameters and time/frequency-domain behavior of CSI reporting can be independently configured for each CSI reporting setting
3.3 Configurations for aperiodic reporting
When an aperiodic reporting is based on semi-persistent or periodic CSI-RS, to enable the dynamic transmission scheme switching, a flexible mechanism for CSI measurement configuration and reporting configuration can be considered. One example is illustrated as in Figure 2. In this mechanism, gNB first activates/triggers a candidate link set each of which is included in the CSI measurement setting. Each candidate link is associated with a transmission scheme assumption of interest. UE starts RS measurement after receiving the link set activation/triggering. Then, gNB can trigger aCSI reporting based on a subset of the candidate link set. When channel condition changes, gNB can trigger a new CSI reporting based on another subset of the candidate link set. Since the UE already measures and stores all the CSI reporting according to the candidate link set a timely CSI reporting can be achieved whenever it is triggered, and thus dynamic transmission scheme switching can be well supported.
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Figure 2. Separate L1/L2 signalling for CSI measurement setting and CSI reporting triggering
Proposal 4: For aperiodic CSI reporting based on periodic/semi-persistent CSI-RS, support separate activation of CSI measurement and triggering the CSI reporting setting.
3.3.1 Discussion on timing offset Y

In the last meeting, it is agreed that aperiodic CSI reporting time offset Y should be studied to provide sufficient CSI computation time. Y should be configurable to adapt to different use case. For example, if only CSI that can be fast computed like CRI is needed to be reported, then Y can be very small, and even Y=0 for fast CSI feedback. For PMI like CSI, Y can be large to provide sufficient CSI computation time. 
Furthermore, to cover various scenarios and provide a high flexibility, the candidate values of Y should be configurable. For example, for fast CQI feedback, Y=0 can be supported as mentioned above. However, for reporting quantity like PMI which requires relative longer duration for the exhaustive search, a large value of Y is needed. Furthermore, factors like the number of antenna ports and UE capability should also be considered to determine the value of Y.

Proposal 5: Support configurable aperiodic CSI reporting timing offset Y

· Support zero as the lower limit of Y for fast CSI feedback

3.3.2 Joint triggering mechanism
When CSI-RS transmission is also configured to be aperiodic in addition to aperiodic CSI reporting, a joint DCI triggering mechanism for CSI-RS and CSI reporting should be supported, which is beneficial for reducing the dynamic signaling overhead. One possible solution is that a joint DCI triggering for both aperiodic CSI reporting and the corresponding aperiodic CSI-RS transmission, through links configured in the CSI measurement setting. For instance, as shown in Figure 3, when Resource setting 1 is configured to be aperiodic, and aperiodic CSI reporting 1 is triggered, the aperiodic CSI-RS within Resource setting 1 can also be triggered jointly, through the link 2.
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Figure 3. Joint triggering for aperiodic CSI reporting and aperiodic CSI-RS transmission
Furthermore, if the Resource setting 1 is configured with a CSI-RS resource set according to the CSI-RS resource sharing mechanism, a resource selection from the resource set should be associated with the DCI triggering, when it is jointly triggered.
Proposal 6: Support joint DCI triggering for Aperiodic CSI reporting on Aperiodic CSI-RS, through links configured in the CSI measurement setting
· The DCI triggering should be associated with a resource selection, if the aperiodic CSI reporting is based on shared resources.
3.4 Configurations for semi-persistent reporting

3.4.1 Configurations for time-domain behavior
The time-domain behaviour related to semi-persistent and periodic CSI reporting include at least

· CSI reporting periodicity 
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· CSI reporting timing offset 
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In LTE, both of these parameters are configured for periodic reporting by RRC signalling at higher layer. Since semi-persistent reporting, once activated, behaves similarly to periodic reporting until deactivated, it is reasonable that these time-domain parameters in NR for both periodic and semi-persistent reporting are configured in each of the CSI reporting settings, at higher layer. 

Proposal 7: Support configuring reporting periodicity and timing offset in each semi-persistent or periodic CSI reporting setting at higher layer.
3.4.2 Parameter configuration for semi-persistent CSI reporting
When gNB deactivates semi-persistent CSI-RS, which also indicates the deactivation of the related semi-persistent CSI reporting, UE may have some un-reported CSI due to aspects like long reporting periodicity and reporting time offset. In LTE, a time window Z’ is defined to solve this problem. The time window Z’ means no CSI reporting will be monitored by gNB after Z’ slots from it deactivating semi-persistent CSI reporting. Therefore, UE will stop reporting CSI after the time window Z’. However, if the un-reported CSI is important like CRI, then dropping the CSI reporting may leads to performance lose. Therefore, a mechanism that allows UE to report the un-reported but important CSI should be supported, even though the CSI reporting will exceed the time window.

Proposal 8: A mechanism allowing UE to report the un-reported CSI that exceeds the time window after semi-persistent CSI reporting is deactivated should be supported.
4 CSI-RS resources configuration
4.1 CSI-RS resource set supporting UE mobility
In the UE-group shared approach, a group of users residing in the same vicinity with the same or overlapping TRP cluster (or travelling together) share the same set of CSI-RS resources semi-statically configured. The CSI-RS resources within the set can be dynamically selected and allocated to each user in the same group. As shown in Figure 4, when the user moves away its TRP cluster evolves away from the rest of the users sharing the same set of CSI-RS resources. It thus need to be assigned to a different set of CSI-RS resources. 
Therefore, to allow fast switching between different CSI-RS sets, more than one set of CSI-RS resources have been agreed to be semi-statically configured for a user through RRC signaling. Each resource set corresponds to a cluster of TRPs, and multiple resource sets correspond to multiple clusters of TRP, where some of the CSI-RS resources are shared among multiple resource sets. 
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Figure 4. Multiple CSI-RS resource sets corresponds to different TRP clusters.
Observation 1: It is beneficial to associate one Resource setting with multiple CSI-RS resource sets for UE mobility across TRP clusters.
4.2 Resource setting configuration for interference measurement
In the coordinated transmission schemes, multiple interference hypothesis should be considered for the channel and interference measurement. We have demonstrated that, in addition to ZP CSI-RS, the NZP CSI-RS can also be used for coherent interference measurement [4]. Introducing the NZP CSI-RS for interference measurement can reduce the overall CSI-RS resources for channel and interference measurement, since one NZP CSI-RS resource can be used as either channel measurement resource or interference measurement resource, for different interference hypothesis. 
A 3-TRP coordination scheme is shown in Figure 5, where 3 NZP CSI-RS resources and 1 ZP CSI-RS resource are allocated at network side. In this case, a UE can be configured with one Resource setting for channel measurement (Resource Setting 0), and one resource setting for interference measurement (Resource Setting 1). It should be noted that there can be CSI-RS resources shared among multiple Resource settings. 
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Figure 5. Multiple Resource settings associated with one CSI reporting settings for channel and interference measurement.
Observation 2: It is beneficial to associate one CSI reporting setting with multiple Resource settings for channel and interference measurement.
4.3 CSI-RS resource/set activation mechanism

Based on the above discussion, two methods for CSI-RS resource set activation can be considered. One is to have multiple CSI-RS resource sets within one Resource setting, each set corresponding to a TRP cluster. In the other method, multiple Resource settings should be configured per UE, each with only one CSI-RS resource set. The CSI-RS resource set can be selected via MAC CE or DCI, depending on the specific use cases.
Semi-persistent CSI-RS consists of multiple shots of RS, which occupy multiple time/frequency resource in multiple subframes. Therefore, if the activation signaling of semi-persistent CSI-RS is missed by UE, valuable time/frequency resource will be wasted since CSI-RS are transmitted by gNB for no purpose. If the deactivation signaling is missed by UE, valuable power resource of UE will be wasted since UE will measure “CSI-RS” in subframes where no CSI-RS is transmitted. Therefore, reliability should be guaranteed for the activation/deactivation signaling of semi-persistent CSI-RS.

Compared to the DCI based signaling, MAC CE based signaling is a reliable and efficient way to activate/deactivate the semi-persistent CSI-RS. Since ACK/NACK feedback is provided for MAC CE transmission, gNB is aware of whether UE has detected the signaling or not, and thus guaranteeing the reliability.MAC CE has no capacity issue for large payload comparing with DCI based transmission.
Taking the above discussions into consideration, we have the following proposal:
Proposal 9: Support the following mechanism for CSI-RS resource/set activation

· For S>1 CSI-RS resource sets, use MAC CE or DCI for selecting one out of S sets

· For semi-persistent CSI-RS resources, use MAC CE for activation/deactivation

4.3.1 Parameter configuration for semi-persistent CSI-RS
For semi-persistent CSI-RS, periodicity should be included in the resource setting configuration. Moreover, with a MAC CE based CSI-RS activation/deactivation mechanism, appropriate time offset (X in Figure 6, in number of subframes) between the CSI-RS activation and the CSI-RS transmission, and time offset (Z in Figure 6, in number of subframes) between CSI-RS deactivation and CSI-RS stops transmission, should be carefully designed to guarantee that UE has sufficient time to decode the MAC CE packet. For the configuration of offset X and Z, several options can be studied:

1) Fixed X and Z: with fixed X and Z, the decoding delay of MAC CE packets, denoted as 
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(in number of subframes), should be considered to guarantee at least that X>
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2) Configurable X and Z: considering multiple numerologies and dynamic TDD in NR, the MAC CE decoding delay can be configurable to support higher flexibility. For example, the MAC CE decoding delay with a small subcarrier spacing may be much smaller than that with a larger subcarrier spacing. X and Z can also be configured according to, e.g., TDD UL/DL configuration. Therefore, X and Z can be configurable according to certain rules.

Proposal 10: Support configurable time gap between semi-persistent CSI-RS activation/deactivation and CSI-RS transmission/stopping by RRC.
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Figure 6. Semi-persistent CSI-RS transmission
5 UE reporting for interference measurement

For the interference measurement use case, as discussed in Section 4.2, when the number of cooperating TRPs increases within a TRP cluster, there would be a huge increase of the number of interference hypothesis to be measured, and the corresponding huge increase of the number of CSI-RS resources needed for interference measurement. It is thus a burden for the UE to report all the available interference hypothesis, considering the huge CSI feedback overhead. One possible solution is to allow the UE report partial CSI for selected interference hypothesis.
Proposal 11: Support the UE reporting of partial CSI for selected interference hypothesis.
6 Conclusions

This contribution discussed the further details of design for CSI reporting configurations, CSI-RS configurations, and CSI measurement configurations, and the control mechanism for CSI reporting and CSI-RS transmission. The proposals are summarized as follows:
Observation 1: It is beneficial to associate one Resource setting with multiple CSI-RS resource sets for UE mobility across TRP clusters.
Observation 2: It is beneficial to associate one CSI reporting setting with multiple Resource settings for channel and interference measurement.
Proposal 1: Strive to minimize the number of CSI reporting settings, Resource settings, and links, within the CSI measurement setting.
Proposal 2: Support configuration of transmission scheme in CSI reporting setting.
Proposal 3: Support hybrid CSI operation by configuring at least two CSI reporting settings and at least two Resource settings

· Each CSI reporting setting corresponds to a different Resource setting

· CSI parameters and time/frequency-domain behavior of CSI reporting can be independently configured for each CSI reporting setting
Proposal 4: For aperiodic CSI reporting based on periodic/semi-persistent CSI-RS, support separate activation of CSI measurement and triggering the CSI reporting setting.
Proposal 5: Support configurable aperiodic CSI reporting timing offset Y

· Support zero as the lower limit of Y for fast CSI feedback

Proposal 6: Support joint DCI triggering for Aperiodic CSI reporting on Aperiodic CSI-RS, through links configured in the CSI measurement setting

· The DCI triggering should be associated with a resource selection, if the aperiodic CSI reporting is based on shared resources.

Proposal 7: Support configuring reporting periodicity and timing offset in each semi-persistent or periodic CSI reporting setting at higher layer.
Proposal 8: A mechanism allowing UE to report the un-reported CSI that exceeds the time window after semi-persistent CSI reporting is deactivated should be supported.
Proposal 9: Support the following mechanism for CSI-RS resource/set activation

· For S>1 CSI-RS resource sets, use MAC CE or DCI for selecting one out of S sets

· For semi-persistent CSI-RS resources, use MAC CE for activation/deactivation

Proposal 10: Support configurable time gap between semi-persistent CSI-RS activation/deactivation and CSI-RS transmission/stopping by RRC.

Proposal 11: Support the UE reporting of partial CSI for selected interference hypothesis.
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