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Introduction
During RAN2 June Ad Hoc meeting, whether to introduce events C1 and C2 was discussed but no conclusion was reached. In this contribution, we further discuss the necessity of new measurement events (i.e. events C1 and C2 like) for the maintenance of CSI-RS configuration in beam management.
Discussion
Beam management
According to RAN1 progress, there are three types of CSI-RS transmission [1]. Examples of realizing each type of CSI-RS transmission/ configuration are also provided in section 5. 
Based on the examples in section 5, we can observe that RRC is in charge of CSI-RS resource configuration for beam management. And with UE mobility within a cell, the network needs to re(configure) suitable CSI-RS resource to the UE via RRC. In order to configure suitable CSI-RS resources for beam management via RRC, the NW needs to be aware of UE mobility within a cell.Observation 1: RRC is in charge of maintenance of CSI-RS resource configuration for beam management and (re)configure CSI-RS resource configuration to the UE.
In RAN1#90 meeting, beam management based on SS block is also supported.
	Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)


And in RAN1#AH3, the following agreements were made:
	· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 
· FFS: whether the set of SSBs is all of the SSB beams or a subset of them
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
Down-select between the two options


Considering that configuration of beam management based on SS block is under discussion, we would like to focus on the maintenance of CSI-RS resource configuration for beam management at first.
Maintenance of CSI-RS configuration 
In RAN2#97bis, it was agreed that the UE’s measurement report based on the DL reference signal can be used for the CSI-RS configuration maintenance. 
	3	UL SRS or measurements reported from UE on the DL reference signal, or other information known to the network, can be used in the maintenance of CSI-RS configuration.



· Existing measurement reporting scheme 
There are two existing measurement reporting scheme based on CSI-RS resource, L3 RRM measurement for inter-cell mobility and L1 measurement report for scheduling. 
· L3 RRM measurement scheme 
We had agreed that events like LTE A1-A6 are supported for NR. Events A1-A6 can be used for the maintenance of CSI-RS resource configuration for beam management in some cases.
However, in some other cases network cannot maintain suitable CSI-RS resource configuration for beam management based on existing cell specific events A1-A6. For example, in Figure 1 a cell includes TRP-1 and TRP-2. A UE is moving from TRP-1 to TRP-2. CSI-RS set2 is suitable for beam management when the UE is closer to TRP-1 while CSI-RS set 3 is better suited for the UE when it moves closer to TRP-2. Cell quality measurement based on A1-A6 events may not reveal the location of the UE corresponding to the proximity to TRP. Moreover, measurement report based on events A1-A6 would not even be triggered as cell quality of the cell is good enough for the UE. The network is not aware of the change of UE location based on the existing cell specific events. Hence the network may not be able to maintain CSI-RS resource configuration for beam management effectively.
Periodic measurement reporting is also supported in NR. If periodic measurements are configured with high frequency, the UE location within the cell may be tracked based on the periodic measurements reporting. However, the signaling overhead of such high frequent measurement reporting cannot be ignored. 
Observation 2: The network may not be aware of the change of UE location within a cell based on the existing cell specific events.


Figure 1 Example for configuration of suitable CSI-RS measurement sets for beam management
· L1 measurement report
The change of UE location may be tracked based on beam measurement report from the existing L1 beam management. However, the network has to configure a large set (or a wide set) of CSI-RS resources or SS blocks for beam management in order to know the change of UE location within a cell.  Furthermore, the UE reports instantaneous beam quality in L1 beam measurement. To avoid fast quality change, the network is required to evaluate instantaneous beam qualities received from the UE for a period to derive meaningful values for use of beam management. Because instantaneous results are reported and a large set of beams are required in NR, the overhead of radio interface for tracking UE location based on L1 measurement report is large. However if the UE is performing the averaging and the filtered measurements is provided to the network, the signaling overhead could be reduced.  
Observation 3: Even though, the network may track the UE location based on instantaneous L1 beam measurements, the resulted signaling overhead cannot be ignored. 

· New measurement reporting scheme 
According to observation 2, the existing cell specific measurement events are insufficient for the UE location tracking within a cell. Also instantaneous L1 beam measurements result in a significant signaling overhead if used for finding the UE location within a cell (observation 3). Thus a method should be design such that the UE performs the filtering and provides the filtered beam measurements to the network. There are two possibilities for generating filtered beam measurements at the UE. 
· Option 1:  RRC measurement report
In LTE, event C1 and C2 were introduced in R12.
· Event C1 (CSI-RS resource becomes better than threshold)
· Event C2 (CSI-RS resource becomes offset better than reference CSI-RS resource)
Event C1/C2 can be used for transmission node discovery in COMP scenario 4 within a cell. Similar events can be introduced for intra-cell mobility in NR. Referring to Figure 1, with event C2, network can be aware that UE is moving to TRP-2 and the quality of CSI-RS set3 becomes better than that of CSI-RS set1, and  reconfigure CSI-RS resources for beam management accordingly, e.g. changing CSI-RS set1 to CSI-RS set3. 
Considering the filtering and reporting, the existing NR RRM measurement framework can be reused. The only new point for this option is to introduce new measurement events. 
· Option 2:  MAC measurement report
The new measurement filtering, event and reporting would be introduced in MAC layer. As indicated in [2], a new event where “A beam not allocated for PDCCH reception becomes an offset better than current PDCCH beam or any of the beams allocated for PDCCH reception” is introduced in MAC layer. The UE only triggers a beam measurement report MAC CE if the beam quality satisfies the condition during Time-to-Trigger.
With this option, there would be two level measurement models in UE side, RRC level and MAC level. 
Comparing the two options,
· From the signaling overhead perspective, due to the filtering mechanism applied for both options, there is no difference between the two options;
· From the reporting latency perspective, due to TTT applied for both options, there is no difference for the two options;
· From the UE complexity perspective, there is only one RRC level measurement model in Option 1 but two level measurement models (MAC and RRC) in Option 2. The measurement model for Option 1 is simpler than Option 2, which reduces the spec impact and UE complexity. 
Based on the comparison, Option 1 is preferred and proposed to be introduced in NR.
Proposal 1: Events like LTE C1 and C2 for CSI-RS are supported in NR.
Conclusion
In this contribution, we discuss the necessity of C1-C2 events for CSI-RS. We observe that:
Observation 1: RRC is in charge of maintenance of CSI-RS resource configuration for beam management and (re)configure CSI-RS resource configuration to the UE.
Observation 2: The network may not be aware of the change of UE location within a cell based on the existing cell specific events.
Observation 3: Even though, the network may track the UE location based on instantaneous L1 beam measurements, the resulted signaling overhead cannot be ignored. 
With comparison options that may be used for network to be aware of the change of UE location within intra-cell mobility, we propose:
Proposal 1: Events like LTE C1 and C2 for CSI-RS are supported in NR.
Reference
[1] R2-1704228 Beam management CATT
[2] R2-1707197 Beam management Nokia
Annex
· Type-1:  Periodic CSI-RS transmission 
· L3: Network configures the candidate CSI-RS resources to UE; 
· L1: Within the RRC configured candidate CSI-RS resources, UE performs the L1 measurement and provides the L1 CSI report (Note: that both periodic and aperiodic CSI reports are supported.)
· L1: Network performs the scheduling based on the L1 CSI report. 


Figure 5-1. Example of periodic CSI-RS scheme
· Type-2:  Semi-persistent CSI-RS transmission (i.e. multi-shot)
· L3: Network configures K CSI-RS resources to UE according to the network deployment;
· L2: Network activates/deactivates N out of K configured CSI-RS resources via MAC CE signaling or DCI (FFS); (Note: we assume the same way as LTE eFD-MIMO.)
· L1: Network transmits CSI-RS on the activated CSI-RS resources;
· L1: UE performs the L1 measurement on the activated CSI-RS resources and based on that provides the L1 CSI report; (Note: both periodic and aperiodic CSI reports are supported.)
· L1: Network performs the scheduling based on the L1 CSI report. 


Figure 5-2. Example of semi-static CSI-RS scheme
· Type-3:  Aperiodic CSI-RS transmission (i.e. one shot)
· L3: Network configures K CSI-RS resources to UE according to the network deployment;
· L1: Network activates certain CSI-RS resources via L1 DCI and transmits corresponding CSI-RS in the same TTI where L1 activation occurs.
· L1: UE performs the L1 measurement on the triggered CSI-RS resource(s) and based on that provides the L1 CSI report; (Note: only aperiodic CSI report is supported.)
· L1: Network performs the scheduling based on the L1 CSI report. 


Figure 5-3. Example of aperiodic CSI-RS scheme (DCI activation option)
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