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Introduction
In this paper, the following open issues are addressed regarding the CSI / beam management framework:

1. Dynamic signalling for aperiodic CSI-RS
2. Dynamic signalling for semi-persistent CSI-RS

This paper is a revision of R1-1716347.
Dynamic signalling for aperiodic CSI-RS
In RAN1#88bis, two options were identified for dynamic signalling of aperiodic CSI-RS.
· In Option 1, CSI-RS resources within CSI-RS resource sets will be configured by higher layers.  A subset of the  CSI-RS resources within a CSI-RS resource set is activated/deactivated via MAC CE.  Then, DCI triggers one of the CSI-RS resource sets containing activated/deactivated CSI-RS resources.  Alternatively, MAC CE can be used to activate/deactivate a subset of the  CSI-RS resource sets and DCI can trigger one of the activated/deactivated CSI-RS resource sets.
· In Option 2, CSI-RS resources within CSI-RS resource sets will be configured by higher layers.  Then, DCI triggers one or more of the CSI-RS resource sets containing the higher layer configured CSI-RS resources.

It was agreed that which option to support will be based on at least the number  of CSI-RS resource sets and the number of CSI-RS resources  per resource set.  For instance, for CSI-RS resource sets containing only one (i.e., ) aperiodic CSI-RS and a relatively small number of CSI-RS resource sets (say ), the middle step of MAC CE activation/deactivation is not needed.  When the number  of CSI-RS resource sets is relatively small, the gNB can higher layer configure different selections from a CSI-RS resource pool into each CSI-RS resource set.  As shown in Figure 1, when  CSI-RS resource sets are configured with each resource set containing different selections from a CSI-RS resource pool, DCI can be used to select one of the  CSI-RS resource sets.
[bookmark: _Toc490215802][bookmark: _Toc492930246][bookmark: _Toc494749929]For aperiodic CSI-RS, S CSI-RS resource sets can be higher layer configured with each set containing a different selection of aperiodic CSI-RS resources and DCI can be used to select one of the S CSI-RS resource sets.
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[bookmark: _Ref481538003]Figure 1.  An example illustrating Option 2 for aperiodic CSI-RS
Option 1 is only needed if the number  of CSI-RS resource sets is very large which could result in a large DCI overhead.  However, a question that is still open is ‘what is the maximum value of  that should be supported?’ This question is addressed in our companion contribution [1] where we examine the requirements of the CSI framework to support various use cases and scenarios. There could be two possible approaches consistent with Option 1 and 2 above.
· Approach 1:  allow a large maximum value of  (for example, ) and support the intermediate step of MAC CE activation/deactivation in order to reduce the DCI overhead to select a resource set.  In this approach, a large number of CSI-RS resource sets can be higher layer configured, and MAC CE can be used to activate/deactivate a subset of the configured CSI-RS resource sets.  Then, DCI triggers one of the activated/deactivated CSI-RS resource sets.  This corresponds to Option 1.
· Approach 2:  Limit the maximum value of  to a relatively small number (for example, ).  In this approach, one can simply select one of the S CSI-RS resource sets and the intermediate step of MAC CE is not needed.  As discussed in our companion contribution [1], the case with  can be achieved with 3 bits in DCI and hence DCI overhead is not a concern.  If the resource settings need to be changed, this can be done by higher layer reconfiguration, if needed.  This corresponds to Option 2.
The fundamental difference between the two approaches is whether higher layer configuration with a small number S of CSI-RS resource sets is sufficient or if higher layer configuration with a large S with additional MAC CE activation/deactivation is needed.  In our view, we do not see a clear use case for a very large number of CSI-RS resource sets to be configured to a UE and we thus make the following proposal:
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Another remaining issue with regards to aperiodic CSI-RS is whether joint DCI triggering of aperiodic CSI-RS and aperiodic CSI reporting is supported.  Since it is already agreed that aperiodic CSI reporting is triggered by DCI and given that aperiodic CSI-RS is ‘single-shot’, we make the following proposal:
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Dynamic signalling for semi-persistent CSI-RS
For semi-persistent CSI-RS, some companies have argued that MAC CE based activation/deactivation has better reliability when compared to DCI based activation/deactivation.  In [2], a DCI based activation of semi-persistent CSI-RS scheme is discussed where DTX detection of a first CSI report can be used to ensure reliability.  In a companion contribution [3], we provide a comparison of reliability associated with MAC CE based CSI-RS activation and that associated with DCI based activation for LTE. 
As discussed in [3], in the case of MAC CE activation, a DL DCI is needed to trigger a PDSCH resource which contains the MAC CE activation message.  If the UE misses this DCI message, then the UE does not receive the MAC CE activation message.  This is similar to the case when the UE misses the DCI in the DCI based CSI-RS activation.  It is further noted in [3] that in the DCI based activation method of [2], it is sufficient for the gNB to detect the presence of a first CSI report (i.e., DTX).  
In RAN1 NR AH#3, semi-persistent CSI reporting on PUSCH was agreed as follows [4][5]:

Agreement:
Support S-CSI on PUSCH using similar mechanism to LTE SPS
· Resources/MCS for S-CSI on PUSCH are allocated semi-persistently using DCI
· S-CSI supports Type II with minimum periodicity of 5ms
According to the above agreement, semi-persistent CSI reporting on PUSCH is agreed where a similar mechanism to LTE semi-persistent scheduling (SPS) will be used.  Hence, semi-persistent CSI will be activated by DCI and the CSI is reported on PUSCH ‘periodically’ until the semi-persistent CSI reporting is deactivated.  Furthermore, from a control signalling overhead reduction perspective, joint activation of semi-persistent CSI and semi-persistent CSI-RS is desirable as illustrated in Figure 2.  Since semi-persistent CSI activation via DCI is already agreed for semi-persistent CSI on PUSCH, we see a strong use case for also supporting DCI based activation of semi-persistent CSI-RS.  Hence, we make the following proposal:
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[bookmark: _Ref494749174]Figure 2.  DCI based joint activation for semi-persistent CSI-RS and semi-persistent CSI report.

Conclusions
We make the following observations:
Observation 1	For aperiodic CSI-RS, S CSI-RS resource sets can be higher layer configured with each set containing a different selection of aperiodic CSI-RS resources and DCI can be used to select one of the S CSI-RS resource sets.

We make the following key proposals:
Proposal 1	For aperiodic CSI-RS, support higher layer configuration (RRC) of CSI-RS resources in resource sets + DCI triggering one or more of the CSI-RS resource sets.
Proposal 2	For aperiodic CSI-RS, joint DCI triggering with aperiodic CSI reporting is supported.
Proposal 3	Support DCI based activation of semi-persistent CSI-RS at least for joint activation of semi-persistent CSI and semi-persistent CSI-RS.
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