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1	Introduction
As captured in [1]: “Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: cell level mobility and beam level mobility.” Cell level mobility and beam level mobility are further defined as:
	Cell Level Mobility requires explicit RRC signalling to be triggered, i.e. handover.
(…)
Beam Level Mobility does not require explicit RRC signalling to be triggered - it is dealt with at lower layers - and RRC is not required to know which beam is being used at a given point in time.
FFS whether there may be cases for which intra-cell mobility needs to be handled by RRC.



There is still an FFS captured in the running stage-2 specification of whether some cases may require RRC involvement even for intra-cell mobility and having events C1/C2 introduced in RRC would fall into that category. This aspect was discussed during the RAN2-NR#2 meeting, but the purpose of adding these additional events was unclear, especially due to presence of RRC beam management procedures and A4/A5 events, which may be based on measurements done on the same CSI-RS resources as are used for the MAC-level beam selections. In this contribution, we further elaborate this topic.

2	Rationale for introducing C1/C2 events in NR
In LTE C1/C2 events were introduced in Rel-12, mainly for the sake of small cells discovery mechanism, but they can also be used for the sake of other mechanisms like, e.g. CoMP. The events were introduced to differentiate them from existing RSRP/RSRQ-based mobility measurements, as the C1/C2 – events were not considered to be for mobility, just for the CSI-RS resource management. Views were also expressed that such events would be required for beam management actions, which we do agree to some extent, but with the reservation that beam management (and beam management related measurement events), that are transparent to RRC layer, should be specified and executed in MAC (we discuss in more detail in [2]). It is reasonable to assume that, even though beam management itself requires low reaction times and will be executed without involvement of RRC, the initial configuration of the beams (i.e. CSI-RS resources of the beams to be measured) will be provided by the means of RRC signalling. This initial configuration could be named as a “beam set” and within such RRC-configured beam set, beam management in lower layers is performed.
Observation 1: RRC provides the “MAC beam set” to the MAC to be used for beam-level operations.
However, some companies raised an issue of “beam set management”, which, according to them, should be performed at RRC level and not in lower layers (see, e.g. [3] or [4]). In some cases, in particular in multi-TRP NR cells, it might be too burdensome for the UE to measure all the beams available in the cell. It therefore seems reasonable to limit the number of the beams a UE needs to measure at the same time. The most straightforward way to do so is that RRC only provides a limited set of beams to MAC, to avoid having too many beams used by lower layers in the UE for beam management. However, this may lead to a situation when a UE moves to another part of the cell (e.g. another TRP) where a different set of beams is required. This necessitates either addition/release of beams from the beam set or defining an RRC mobility event for intra-cell mobility between “beam sets”.
Observation 2: RRC level mobility might be required for intra-cell mobility between “beam sets”.
It was suggested that C1/C2 events should be applied for the purpose of this intra-cell mobility. These events are defined in [5] in the following way:
	The E UTRA measurement reporting events concerning CSI-RS are labelled CN with N equal to 1 and 2.
	Event C1:	CSI-RS resource becomes better than absolute threshold;
	Event C2:	CSI-RS resource becomes amount of offset better than reference CSI-RS resource.



It is true that their definition fits well the needs of “beam set” management. On the other hand, it has been already agreed during previous meetings that events A1-A6 can be triggered by the measurements on CSI-RS resources, so it is expected that they will have to be adapted in a way resembling C1/C2 events. Therefore, it seems that defining events like C1 and/or C2 would lead to having different events (i.e. A1-A6 and C1-C2) doing exactly the same thing, since the same goal can be achieved by simply allowing CSI-RS resources configured for events A1-A6 to belong to either the serving or neighbouring cells. This is especially true due to the fact that all other aspects like quality derivation rules or layer-3 filtering configuration can be reused for both cell quality derivation based on CSI-RS beams as well as for “beam set” quality derivation, as also suggested in [3]. Therefore, we think that the Ax-events can be used also for the RRC-level beam set management and it’s not necessary to define Cx-events for that purpose.
Proposal 1: C1/C2 events are not introduced in NR. This does not preclude specifying such or similar events in lower layers for the sake of beam management.
Proposal 2: A1-A6 events based on CSI-RS resources measurements can be triggered by the measurements on CSI-RS resources in the same or different cells, depending on the configuration.
To summarize the division of RRC/MAC/L1 responsibilities related to the beams, Annex A shows our understanding the overview of the beam management procedures and configuration.
3	Summary
This contribution discusses the need of introducing C1 and C2 measurement events for NR. Although it is acknowledged that there might be cases requiring RRC involvement for intra-cell mobility between CSI-RS sets (e.g. associated with different TRPs), the possibility of applying Ax events for that purpose is indicated. Therefore, RAN2 is kindly requested to agree on the following observations and proposals:
Observation 1: RRC provides the “MAC beam set” to the MAC to be used for beam-level operations.
Observation 2: RRC level mobility might be required for intra-cell mobility between “beam sets”.
Proposal 1: C1/C2 events are not introduced in NR. This does not preclude specifying such or similar events in lower layers for the sake of beam management.
Proposal 2: A1-A6 events based on CSI-RS resources measurements can be triggered by the measurements on CSI-RS resources in the same or different cells, depending on the configuration.
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Annex A:	Summary of beam management in NR
The beam management framework (as per our understanding base on the current agreements) can be divided into multiple parts: configuration, activation/deactivation, monitoring and reporting. Each part has some subtleties that may be difficult to grasp.
Overview: Combining these aspects into one overview, we get the following picture (Figure 1) – the component parts are then described after the overview.
[image: ]
Figure 1. Beam management overview

Beam resource configuration: The basic rule is that RRC does all the configuration of the beam resources. However, this doesn’t mean that RRC is involved in the actual usage of the beams, which is done at MAC/L1 level, just that the configuration that determines the beam management actions comes from RRC. This is illustrated in Figure 2 below.
[image: ]
Figure 2. Beam configuration
Beam selection (i.e. activation/deactivation): The beam usage is handled mainly at the MAC level, but RRC provides the beam set that MAC uses (as shown in Figure 1). The beams for DL reception are selected by MAC and L1 uses the selections, as shown in Figure 3.
[image: ]
Figure 3. Beam selection/activation
Beam monitoring: Since RRC selects the beam set that MAC uses to input selected beams to L1, RRC can also assign measurements of the beam resources to ensure the beam set has the right beams. Naturally, MAC also monitors the beam resources it has been assigned to be able to use the best beam in each case. This is shown in Figure 4 below.
[image: ]
Figure 4. Beam measurements and monitoring
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