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Introduction
[bookmark: _Toc472806553]In RAN1 NR AdHoc meeting, the following agreement was made [1]:
Agreements:
· …
· At least following are dynamically selected by L1 or L2 signaling, if applicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering

Agreements:
· For periodic CSI-RS,
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· FFS: Necessity of additional signaling with MAC CE
· For semi-persistent CSI-RS,
· Periodic CSI reporting is not supported.
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission
· Aperiodic CSI reporting is triggered by DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE
· For aperiodic CSI-RS,
· Periodic [and semi-persistent] CSI reporting is not supported
· Aperiodic CSI reporting is triggered by DCI
· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE
· Note that further down selection can be done later between MAC CE and DCI in above bullets
· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting

In this contribution, we present our views on the signaling mechanism for different types of CSI-RS and CSI Reporting.
[bookmark: _Ref178064866]Discussion
Signalling for CSI Reporting
According to the agreed CSI framework, 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.  Figure 1 shows an example of the CSI framework with N=2, M=4, and L=5.  In this example, CSI Report Setting 0 is aperiodic and CSI Report Setting 1 is semi-persistent.  Here, it is much simpler to use the same signalling mechanism to select one or both of CSI reporting settings within a measurement setting.  Given that Aperiodic CSI reporting is already agreed to be triggered by DCI, the DCI based signalling mechanism should be extended to trigger any type of (i.e., aperiodic, semi-persistent) CSI reporting.  Hence, specifying different signalling mechanisms for aperiodic CSI reporting and semi-persistent CSI reporting should be avoided.
[bookmark: _Toc474112902]It is simpler to use the same triggering mechanism to select one or more of CSI reporting setting within a measurement setting.
[bookmark: _Toc474112903]Aperiodic CSI reporting is already agreed to be triggered by DCI.
Given these observations, we make the following proposal:
[bookmark: _Toc474110659][bookmark: _Toc474110830][bookmark: _Toc474111342][bookmark: _Toc474111666][bookmark: _Toc474112380][bookmark: _Toc474112909]DCI is used to trigger aperiodic CSI reporting and semi-persistent CSI reporting.
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[bookmark: _Ref474107797]Figure 1.  An example of agreed CSI framework with N=2, M=4, and L=5.

Aperiodic CSI-RS with Aperiodic CSI Report
In LTE Rel-14, the aperiodic CSI-RS resource configuration includes either one or two steps [2]-[3].  In the first step, a UE is configured with K = {1, 2, … , 8} Aperiodic CSI-RS resources via RRC.  The second step of aperiodic CSI-RS resource configuration involves dynamically allocating (a.k. a activating) a subset N out of the K that the UE should measure via MAC CE.  Depending on the value of K, the second step of MAC CE based allocation can be skipped (for instance, when K ≤ 2, N = K and MAC CE based activation is skipped [3]).  Following aperiodic CSI-RS resource configuration, a separate dynamic indication is sent via uplink related DCI to select one out of N resources for aperiodic CSI-RS transmission.  Once the aperiodic CSI-RS transmissions have been completed, the N activated resources are deallocated via another MAC-CE indication. 
Since aperiodic CSI-RS transmissions in NR are single shot, the additional MAC CE based allocation/deallocation steps are unnecessary.  Using DCI based dynamic allocation for aperiodic CSI-RS can remove these unnecessary steps.  Furthermore, DCI based dynamic allocation allows an aperiodic CSI-RS to be activated more quickly than MAC CE.  As shown in Figure 2, dynamic allocation of an aperiodic CSI-RS transmission is followed by an aperiodic CSI report.  As per the agreement on CSI measurement setting, the aperiodic CSI report follows the CSI report setting linked to the resource setting to which the triggered aperiodic CSI-RS belongs to (i.e., the aperiodic CSI-RS resource resides within a CSI-RS resource set).  The aperiodic CSI report can thus be used to verify that the UE received the dynamic allocation DCI indication successfully.  Furthermore, the dynamic allocation DCI indication can jointly trigger both the aperiodic CSI-RS transmission and the following aperiodic CSI report.  Thus, we make the following observation and proposal:
[bookmark: _Toc471402051][bookmark: _Toc471402111][bookmark: _Toc471402129][bookmark: _Toc471417205][bookmark: _Toc471419232][bookmark: _Toc471422250][bookmark: _Toc471428675][bookmark: _Toc471428770][bookmark: _Toc471428790][bookmark: _Toc471428802][bookmark: _Toc471428868][bookmark: _Toc471428943][bookmark: _Toc471428976][bookmark: _Toc471429003][bookmark: _Toc471429022][bookmark: _Toc471429163][bookmark: _Toc471429184][bookmark: _Toc471430471][bookmark: _Toc471430486][bookmark: _Toc471430496][bookmark: _Toc471430666][bookmark: _Toc471430853][bookmark: _Toc471431077][bookmark: _Toc474112904]A single DCI based allocation can trigger both the aperiodic CSI-RS transmission and the following aperiodic CSI report.
[bookmark: _Toc471402050][bookmark: _Toc471402110][bookmark: _Toc471402128][bookmark: _Toc471417204][bookmark: _Toc471419231][bookmark: _Toc471422249][bookmark: _Toc471428674][bookmark: _Toc471428769][bookmark: _Toc471428789][bookmark: _Toc471428801][bookmark: _Toc471428867][bookmark: _Toc471428942][bookmark: _Toc471428975][bookmark: _Toc471429002][bookmark: _Toc471429021][bookmark: _Toc471429162][bookmark: _Toc471429183][bookmark: _Toc471430470][bookmark: _Toc471430485][bookmark: _Toc471430495][bookmark: _Toc471430665][bookmark: _Toc471430852][bookmark: _Toc471431076][bookmark: _Toc471755053][bookmark: _Toc471755926][bookmark: _Toc471756407][bookmark: _Toc471756588][bookmark: _Toc471767336][bookmark: _Toc474110660][bookmark: _Toc474110831][bookmark: _Toc474111343][bookmark: _Toc474111667][bookmark: _Toc474112381][bookmark: _Toc474112910]DCI is used to trigger aperiodic CSI-RS transmission.
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[bookmark: _Ref471399219]Figure 2.  DCI based allocation for Aperiodic CSI-RS with Aperiodic CSI Report

[bookmark: _GoBack]Semi-Persistent CSI-RS with Aperiodic CSI Report
If MAC CE is used for dynamic allocation of semi-persistent CSI-RS, the gNB can use HARQ-ACK to determine if UE received the dynamic allocation.  However, this comes at the cost of longer allocation latency.  Using DCI based dynamic allocation on the other hand allows the semi-persistent CSI-RS to be allocated more quickly than MAC CE.  Hence, DCI based dynamic allocation for semi-persistent CSI-RS provides better control of the time gap between dynamic allocation and semi-persistent CSI-RS.

[bookmark: _Toc474112905]DCI based allocation of semi-persistent CSI-RS provides better control of the time gap between allocation and semi-persistent CSI-RS.

The reliability of the DCI based dynamic allocation of semi-persistent CSI-RS can be ensured by a simple mechanism shown in Figure 3.  In this mechanism, after receiving the DCI based dynamic allocation of semi-persistent CSI-RS, the UE measures the first instance of the semi-persistent CSI-RS transmission and sends an aperiodic CSI report based on the first measurement.  The gNB can use this first aperiodic CSI report to verify that the UE received the dynamic allocation DCI indication successfully.  As shown in Figure 3, separate aperiodic CSI Triggers will trigger the subsequent aperiodic CSI reports.  Similarly, the DCI based approach can also be used to deactivate or de-allocation of the semi-persistent CSI-RS transmission. Thus, we make the following proposals:
[bookmark: _Toc471428677][bookmark: _Toc471428772][bookmark: _Toc471428792][bookmark: _Toc471428804][bookmark: _Toc471428870][bookmark: _Toc471428945][bookmark: _Toc471428978][bookmark: _Toc471429005][bookmark: _Toc471429024][bookmark: _Toc471429165][bookmark: _Toc471429186][bookmark: _Toc471430473][bookmark: _Toc471430488][bookmark: _Toc471430498][bookmark: _Toc471430668][bookmark: _Toc471430855][bookmark: _Toc471431079][bookmark: _Toc474112906]A first aperiodic CSI report based on the first measurement allows the gNB to verify that the UE received a semi-persistent CSI-RS allocation DCI successfully.
[bookmark: _Toc471428676][bookmark: _Toc471428771][bookmark: _Toc471428791][bookmark: _Toc471428803][bookmark: _Toc471428869][bookmark: _Toc471428944][bookmark: _Toc471428977][bookmark: _Toc471429004][bookmark: _Toc471429023][bookmark: _Toc471429164][bookmark: _Toc471429185][bookmark: _Toc471430472][bookmark: _Toc471430487][bookmark: _Toc471430497][bookmark: _Toc471430667][bookmark: _Toc471430854][bookmark: _Toc471431078][bookmark: _Toc471755054][bookmark: _Toc471755927][bookmark: _Toc471756408][bookmark: _Toc471756589][bookmark: _Toc471767337][bookmark: _Toc474110661][bookmark: _Toc474110832][bookmark: _Toc474111344][bookmark: _Toc474111668][bookmark: _Toc474112382][bookmark: _Toc474112911]DCI is used to trigger semi-persistent CSI-RS transmission.
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[bookmark: _Ref471421277]Figure 3.  DCI based Allocation for Semi-Persistent CSI-RS with Aperiodic CSI Report
If the duration of the semi-persistent CSI-RS is RRC configured (i.e., the allocation window size in Figure 3), then explicit signaling for deallocation of semi-persistent CSI-RS may not be needed.  Hence, control signalling overhead can be saved by not having dynamic signalling for de-allocation of semi-persistent CSI-RS.
Semi-Persistent CSI-RS with Semi-Persistent CSI Report
Due to the reasons mentioned in Section 2.3, DCI based dynamic allocation is also desirable for semi-persistent CSI-RS with semi-persistent CSI reporting.  In this case, if the DCI dynamic allocation jointly triggers both the semi-persistent CSI-RS and the semi-persistent CSI report (as shown in Figure 4), then the first semi-persistent CSI report can be used to verify that the UE received the dynamic allocation DCI indication successfully. Alternatively, if semi-persistent CSI-RS transmission and the semi-persistent CSI report are triggered by different DCI indications, then a single-shot CSI report that follows immediately after the first instance of the semi-persistent CSI-RS transmission can be used by the gNB to verify that the UE received the dynamic allocation DCI successfully (as shown in Figure 5).  This single-shot CSI report captures the UE’s measurement of the first instance of the semi-persistent CSI-RS transmission.  In both cases, a separate DCI may be used for deactivating or deallocating the CSI-RS.  Hence, we make the following observations:

[bookmark: _Toc471430856][bookmark: _Toc471431080][bookmark: _Toc474112907]For semi-persistent CSI-RS jointly triggered with a semi-persistent CSI report, the first semi-persistent CSI report can be used to verify that the UE received the allocation DCI.
[bookmark: _Toc474112908][bookmark: _Toc471431081][bookmark: _Toc471755051][bookmark: _Toc471755924]If semi-persistent CSI-RS transmission and the semi-persistent CSI report are triggered by different DCI indications, then a single-shot CSI report can be used by the gNB to verify that the UE received the allocation DCI 

[bookmark: _Toc471428679][bookmark: _Toc471428774][bookmark: _Toc471428793][bookmark: _Toc471428805][bookmark: _Toc471428871][image: ]
[bookmark: _Ref471429612]Figure 4.  DCI based Allocation for Semi-Persistent CSI-RS with Semi-Persistent CSI Report (CSI-RS and CSI report jointly triggered)

[bookmark: _Toc471430474][image: ]
[bookmark: _Ref471430730]Figure 5.  DCI based Allocation for Semi-Persistent CSI-RS with Semi-Persistent CSI Report (Separate Triggers for CSI-RS and CSI report)
Conclusions
In this contribution, we present our views on the signaling mechanism for different types of CSI-RS and CSI Reporting.  Based on the discussion in Section 2, we make the following observation and proposals:

Observation 1	It is simpler to use the same triggering mechanism to select one or more of CSI reporting setting within a measurement setting.
Observation 2	Aperiodic CSI reporting is already agreed to be triggered by DCI.
Observation 3	A single DCI based allocation can trigger both the aperiodic CSI-RS transmission and the following aperiodic CSI report.
Observation 4	DCI based allocation of semi-persistent CSI-RS provides better control of the time gap between allocation and semi-persistent CSI-RS.
Observation 5	A first aperiodic CSI report based on the first measurement allows the gNB to verify that the UE received a semi-persistent CSI-RS allocation DCI successfully.
Observation 6	For semi-persistent CSI-RS jointly triggered with a semi-persistent CSI report, the first semi-persistent CSI report can be used to verify that the UE received the allocation DCI.
Observation 7	If semi-persistent CSI-RS transmission and the semi-persistent CSI report are triggered by different DCI indications, then a single-shot CSI report can be used by the gNB to verify that the UE received the allocation DCI

Proposal 1	DCI is used to trigger aperiodic CSI reporting and semi-persistent CSI reporting.
Proposal 2	DCI is used to trigger aperiodic CSI-RS transmission.
Proposal 3	DCI is used to trigger semi-persistent CSI-RS transmission.
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