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Discussion and Decision
1
Introduction
After the discussion for several meetings, events A1~A6 have been agreed in NR both for NR-SS based measurement and CSI-RS based measurement. Whether Cx events will be introduced in NR or not are still open for further study. 
However, it should be noted that when talking about events, all the discussions up to now are for the purpose of L3 mobility. In this contribution, we give some considerations on whether to introduce any additional events for other purpose, such as purpose for assisting the configuration of CSI-RS resource for beam management.
2
Discussion
At RAN2#97bis, it is agreed that for the purpose of Zero/Minimum RRC involvement mobility (i.e. beam management in RAN1), the CSI-RS configuration should be at least configurable to UE by dedicated signalling. Meanwhile, according to the achievement at RAN1 NR_AH_1701 (refer to Annex for information), a framework of how to providing the CSI-RS based beam management configuration via RRC signalling is agreed. According to the framework agreed in RAN1, 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. Each of the L links is configured to correspond to a CSI reporting setting and a Resource setting. 
In order to identify the suitable or best beam(s) for data transmission, the UE should continuously perform beam sweeping, beam measurement, beam determination, and reporting (either periodic or aperiodic) based on the configured CSI-RS resource settings. If large number of CSI-RS resources is configured in the CSI-RS resource settings, the power consumption and process overhead is considerable in UE. At the same time, the signalling overhead and the resource occupation is high over the air. On the contrary, if small number of CSI-RS resources is configured, the beam management decision may be sub-optional and the UE has higher risk of beam link failure or radio link failure when few beams are measured and reported and blockage occurs. Given the above, efforts should be made to assist the proper configuration and maintenance of CSI-RS resource settings. 
In the CONNECTED mode, RRM measurement for the purpose of L3 mobility can be based on either the NR-SS or CSI-RS. NR-SS is a kind of cell-specific RS, while CSI-RS is a kind of UE-specific RS which is not always-on transmitted but can be turned on/off efficiently. The common understanding is that the signal of NR-SS can cover a wide area within a cell and serve all UEs within the wide area, however, its spatial resolution is low (i.e., it is transmitted as a wide beam). On the other hand, the CSI-RS provides higher spatial resolution (i.e., a narrow beam) and a stronger signal within the narrow beam, but covers only a narrow area. And according to the progress in RAN1, the design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline.
Up to now, discussions on the design of events are all for the purpose of L3 mobility. The agreed events A1~A6 are all triggered by the cell level quality. Whether to introduce any other events, for instance Cx events triggered by CSI-RS resource is FFS. Given the properties of the CSI-RS analyzed above, e.g. narrow beam, reusing the CSI-RS design for beam management, there’s no need to introduce Cx events for the purpose for L3 mobility. However, it should also be noted that early at RAN2#97bis, it is agreed that “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.”  It may be with some benefits to introduce Cx events (e.g. C1 and C2 as in LTE) to assist the configuration of CSI-RS resource settings for beam management.
Observation 1: There’s no need to introduce Cx events for the purpose for L3 mobility. However, it may be with some benefits to introduce Cx events to assist the configuration and maintenance of CSI-RS resource settings for beam management.
Proposal 1：Introduce Cx events (e.g. C1 and C2 as in LTE) to assist the configuration and maintenance of CSI-RS resource settings for beam management.
At RAN1#89 meeting, it is agreed to support spatial QCL between SS block and CSI-RS resource(s):
	Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL


Typically the spatial resolution of the SS block is low while the CSI-RS provides a higher spatial resolution. So one SS block can be spatial QCLed with multiple CSI-RS resources. This essential property can be made use of to assist the configuration and maintenance of CSI-RS resource settings for beam management. Take the example in Figure  1 as an instance, the SS block 2 is QCLed with CSI-RS resource 1~4 while the SS block 3 is QCLed with CSI-RS resource 5~8. When the UE is within the coverage of SS block 2, CSI-RS resource 1~4 can be configured within the CSI-RS resource settings for beam management. While with the movement of the UE (from the coverage of SS block2 to the coverage of SS block3), the CSI-RS resource settings can be updated with the configuration of CSI-RS resource 5~8.
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Figure 1 
To achieve the purpose indicated above, the measurement results of the individual SS blocks should be updated to the gNB timely. However, according to the agreements in RAN2, the beam quality can only be reported to the gNB when a cell level triggered measurement report is initiated. So for the purpose of assisting the configuration and maintenance of CSI-RS resource settings for beam management, SS block specific events should be introduced, for example S1, S2, S3 like events:
Event S1: SS block becomes better than threshold.
Event S2: SS block becomes within X dB of the best SS block
Event S3: Best SS block changes
And according to the agreement at RAN1 NR_AH_1701 (refer to Annex for information), the configuration and maintenance of CSI-RS resource settings for beam management are provided to the UE via RRC signalling. So it’s straight forward that the SS block specific events should be introduced in RRC but not in the low layers, for example in MAC.
Proposal2. Introduce SS block specific events for the purpose of assisting the configuration and maintenance of CSI-RS resource settings for beam management in RRC. For instance SS block specific events as following:
· Event S1: SS block becomes better than threshold.
· Event S2: SS block becomes within X dB of the best SS block

· Event S3: Best SS block changes
3
Conclusion
The design of events, especially whether to introduce any additional events for the purpose other than for L3 mobility is discussed in this contribution with following observations and proposals:
Observations:

Observation 1: There’s no need to introduce Cx events for the purpose for L3 mobility. However, it may be with some benefits to introduce Cx events to assist the configuration and maintenance of CSI-RS resource settings for beam management.
Proposals:

Proposal 1：Introduce Cx events (e.g. C1 and C2 as in LTE) to assist the configuration and maintenance of CSI-RS resource settings for beam management.
Proposal2. Introduce SS block specific events for the purpose of assisting the configuration and maintenance of CSI-RS resource settings for beam management in RRC. For instance SS block specific events as following:

· Event S1: SS block becomes better than threshold.
· Event S2: SS block becomes within X dB of the best SS block

· Event S3: Best SS block changes
4
Annex
Agreement from RAN1 NR_AH_1701
Agreements:
· Refine the agreement on RS and IM settings as follows:

· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement

· Remove “IM setting”

· Terminology clarification

· 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

· Each of the L links corresponds to a CSI reporting setting and a Resource setting

· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 

· N, M, and L – indicated either implicitly or explicitly

· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations

· In each Resource setting: 

· A configuration of S≥1 CSI-RS resource set(s) 

· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE

· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)

· One CSI reporting setting can be linked with one or multiple Resource settings

· Multiple CSI reporting settings can be linked with the same Resource setting

· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· 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
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