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Discussion and Decision
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Introduction
In RAN1 #86bis meeting, there are some agreements about dynamic CSI-RS configuration and management:
· NR supports aperiodic transmission of CSI-RS

· For CSI-RS transmission, NR supports at least one of following:

· Semi-persistent transmission
· Preconfigured CSI-RS resources can be activated or de-activated

· FFS: Activation/De-activation mechanism

· Periodic transmission

· Periodic CSI-RS can be configured by higher layer

· FFS: mechanisms (e.g. protocol layer) for dynamic control of activation/deactivation for semi-persistent CSI-RS

· FFS: mechanisms to provide reliable activation/deactivation for semi-persistent CSI-RS

· To support combinations above more flexibly, NR should allow independent control of CSI-RS indication and CSI reporting indication timings.

· ‘indication’ above may refer to triggering, activation, and deactivation depending on type of RS/reporting.

· Further study is needed how to guarantee appropriate time gap between indication of CSI-RS and transmission of CSI-RS
· Further study is needed how to guarantee appropriate time gap between CSI-RS and CSI reporting

· Note: This does not preclude joint control of CSI-RS indication and CSI reporting indication.

In case of CSI-RS pooling, there are a few agreements for further study dynamic CSI-RS sharing:
· A CSI-RS resource set should be studied whereby CSI-RS resources within the set may be dynamically shared amongst users 

· Study CSI-RS resources configuration in 2 steps 

· Step 1: Pre-configure a set of K CSI-RS resources for one or more users through UE-specific RRC configuration

· Step 2: For a given user, dynamically indicate N out of K (where N >= 1) of the CSI-RS resources from the set to enable CSI measurement in a given time window

· Study the following alternatives

· Alt 1: Dynamic signaling through DCI

· Alt 2: Dynamic signaling through MAC CE

· The CSI-RS transmissions can be dynamically indicated as one shot or multi-shot within the window
· The configured CSI-RS resource pool can be used for channel/interference measurement

· Configure multi sets of CSI-RS resources for one UE
In this contribution, we further analyze dynamic CSI-RS management mechanism, including periodicity adjustment, CSI-RS transmission pattern and triggering command design.  
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Dynamic CSI-RS management   
For CSI-RS transmission, periodic CSI-RS is still needed since regular channel monitoring is beneficial in some scenarios, if one UE has one long time session of traffic running. In this case, in order to reduce CSI-RS overhead, it is possible to use dynamic command to adjust CSI-RS transmission period. For example, when 5 ms period is configured, then 10 ms or 20 ms CSI-RS periodicity can be easily adjusted by 1 bit or 2 bits command. Therefore, periodic CSI-RS should be kept to guarantee system performance. Therefore, in order to enable dynamic CSI-RS management for periodic CSI-RS, we propose:

Proposal 1: Support periodic CSI-RS with dynamic periodicity or density adjustment to improve utilization efficiency.
For aperiodic CSI-RS, it could be used for very short traffic session or tracking instant channel/CQI change, so one shot or multi-shot CSI-RS configuration is useful to overhead control and fast CSI measurement. In case of semi-persistent CSI-RS, it could be configured with one relatively long active duration, or one periodic ON/OFF pattern. Hence, in semi-persistent CSI-RS configuration, one activation/de-activation command is needed. Actually this dynamic CSI-RS transmission is quite useful for CSI-RS sharing under one suitable CSI pool configuration. After one initial CSI-RS configuration, multiple users can share one common CSI-RS resource with dynamic triggering. Here there are two related technical issues, one is how to configure CSI-RS transmission pattern or measurement pattern, and another is how to design effective triggering signalling. For pattern design, it is better to unify the aperiodic and semi-persistent transmission pattern, for example, involving CSI-RS transmission duration, ON/OFF ratio and repetition times. For CSI-RS triggering, physical layer DCI owns quicker and tighter timing control to the time gap between CSI-RS triggering and CSI-RS transmission, but with less reliability. For MAC command, it may have long latency, but with high reliability due to ACK/NAK confirmation. As one consequence, DCI and MAC command can be used for different scenarios. Generally speaking, DCI command is fit for aperiodic CSI-RS triggering, while MAC command is fit for semi-persistent CSI-RS triggering. In real application, depending on UE processing capability, the time gap between CSI-RS triggering and CSI-RS transmission can be flexible configured, for example, using some signaling to indicate the time gap to fit for different scenarios and UE processing capability. 
Proposal 2: Strive to design consistent pattern framework to unify aperiodic CSI-RS and semi-persistent CSI-RS.
Proposal 3: Support MAC command and DCI command used for different scenarios to trigger CSI-RS transmission.
· Use DCI to control tight CSI-RS transmission timing
· Use MAC to get better reliability 
Proposal 4: Support configurable timing latency between CSI-RS indication and CSI-RS transmission.
In case of rate matching pattern, for aperiodic CSI-RS and semi-persistent CSI-RS usage, it may require dynamic DCI indication to fit for possible CSI-RS transmission pattern. If one common resource pool is configured to one group of UEs, it is better to configure one common rate matching pattern to these UEs. In one hand, such configuration could save signaling overhead, on the other hand, when CSI-RS is intended to one target UE for CSI measurement, other UE should not interfere this CSI-RS resource when conducting PDSCH transmission. For subband CSI-RS configuration, rate matching pattern will be more complicated, hence, in this case, there would have some restrictions for subband configuration and resource scheduling. For example, UE is not expecting to occupy the resources comprised of multiple CSI-RS granularities. Another alternative could be using maximized rate matching pattern to do the resource reservation. 
Proposal 5: Support dynamic rate matching configuration to match real CSI-RS transmission with DCI 
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Conclusion
In this contribution, some dynamic management solutions are discussed, based on analysis, we have the following proposals:  
Proposal 1: Support periodic CSI-RS with dynamic CSI-RS periodicity or density adjustment to improve utilization efficiency.
Proposal 2: Strive to design consistent pattern framework to unify aperiodic CSI-RS and semi-persistent CSI-RS.
Proposal 3: Support MAC command and DCI command used for different scenarios to trigger CSI-RS transmission.
· Use DCI to control CSI-RS transmission timing (PDCCH retransmission)
· Use MAC to get better reliability 
Proposal 4: Support configurable timing latency between CSI-RS indication and CSI-RS transmission.
Proposal 5: Support dynamic rate matching configuration to match real CSI-RS transmission with DCI indication. 
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