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In RAN2#NRAdHoc meeting, in Spokane, an LS was sent from RAN1 to RAN2 stating that for CONNECTED mode RRM measurement for L3 mobility either CSI-RS and/or an additionally RS separately designed (previously called mobility RS) would be used if needed [1]. After a discussion of what “if needed” could possibly mean, RAN2 has interpreted the agreement as follows: => RAN2 understanding of the LS is that RAN1 will define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition to the RS(s) available in idle.


Previous contributions have addressed the implications of these assumption concerning aspects such as detection and the mapping between additional beamformed RSs and NR cells [2][3][4].
In RAN2#96 the following agreements have been made concerning measurement reports in NR for RRC_CONNECTED UEs: 
1	At least events like LTE A1-A6 and periodic will be supported for NR (modification to the events may be considered)
FFS other events may be studied
…

In this paper we revisit the discussion on NR measurement report triggering criteria associated to the different mobility events under the assumption that the UE can either perform RRM measurements based on IDLE RS or additional RS. We particularly discuss the way the beams (or to be more precisely, the additional RS) can be grouped per mobility event.
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Triggering criteria and mobility events
In LTE, RRM measurements are triggered and reported by the UE to the serving cell so the nework has the ability to detect significant changes in the radio environment. One example is that a given neighbour cell detected by the UE provides better radio conditions than the current serving cell. Measurements thesholds are configured in such a way that the UE trigger a report so the network can take a handover decision without the SINR being degraded to an unnaceptable level but not too soon, otherwise that would generate too much unecessary RRC signalling. The triggering mechanism in LTE is based on the signal strength or quality of the CRS. Once the measurement has been reported the network has the possibility to decide if the UE should be handed over from one cell to another. The RRM measurements should reflect the quality of the cell candidates so handovers can be possibly performed.
In NR, according to the latest RAN1 agreement, an RRC_CONNECTED UE will at least be able to measure an  IDLE RS, defined as the synchronization sequence (NR-SS), and possibly an additional DMRS for PBCH. There is a common understanding that in higher frequencies the NR-SS would be transmitted in multiple beams. However, since the NR-SS encodes a cell ID, as also agreed in RAN1, the network should be able to configure the UE with events A1-A6 as in LTE at least for the IDLE RS so the UE can trigger cell-based measurement reports in RRC_CONNECTED. For a discussion on the scenarios where this configuration could be sufficient, see [2].
Network should be able to configure the UE with mobility events A1-A6 at least associated to the IDLE RS

When it comes to the additonal RS, further analyses are necessary based on the outcome of the discussions on how to map the beamformed additional RSs to cells in NR. If we assume, for example, that this RS can be quite flexibly configured as ,e.g., a CSI-RS in LTE, it is not certain that the same discussion we have had for measurement events only per cell applies any longer. In fact, in LTE, the network can configure the UE with additional mobility events (C1 and C2) for a different RS which is not the CRS (primarilly used for RRC based mobility) although the purpose might not be for mobility. Hence, the assumption that a modified version of A1-A6 events would be defined for the additional RS would be a natural extension, although further details needs to be discuss whether the exact same events would apply.

Network should be able to configure the UE with mobility events per beam (based on individual beamformed additional RSs). FFS Detailed events

These two assumptions of having cell-based events for the IDLE RS encoding cell ID and having beam-based events for the beamformed additional RS, which will carry some kind of beam identifier (either implicit or explicit) seems to be reasonable. What remains as an open question is whether there should also be mobility events associated to the beamformed additional RS required to be defined per cell.
Having cell-based events for the IDLE RS encoding cell ID and having beam-based events for the beamformed additional RS seems to be reasonable
It is an open question whether there should be mobility events associated to the beamformed additional RS required to be defined per cell and/or any other kind of group of beams
If that is the case, a consequence would be that the UE would also be able to use the additional RSs to derive a cell measurement so that A1-A6 events would be possibly configured for different signals, IDLE RS or additional RS. 

Beam grouping for additional RS
In RRC_CONNECTED it is expected that in certain scenarios (such as in higher frequencies) the UE may detect a significant number of additional RS beams at the time, and, there might be situations where performing handover based only on individual beams is not the most beneficial choice. One situation when handovers based on individual beam-based measurements can be problematic is when the handover decision causes ping-pong between different nodes, as discussed in [5]. An example is given in Figure 1. 
[image: ]
[bookmark: _Ref465845893]Figure 1 Example of ping pong between different nodes.
In the example, taking handover decisions based on individual beams, i.e. always handing over to the beam with the strongest additional RS, would lead to six handovers when the UE is moving along the depicted arrow according to Table 1, here referred to as example a. As can be seen, three inter-gNB handovers are made, namely handover 1a, 2a and 4a. Whereas handover 4a is necessary as the UE continues moving between beams from gNB3, the first two inter-gNB handovers 1a and 2a are resulting in a ping-pong between gNodeBs. In this case it would have been more beneficial to avoid handover 1a, and stay in gNB1. An example is given in Table 2, where only five handovers are performed. With the knowledge of which beams, represented by different active mode mobility reference signals, that belong to the same group, for example is being transmitted by the same gNB, the signal strength/quality from multiple beams within this group can be used for triggering handover events and UE reporting. This way, problems caused by only considering single beams can be avoided, also see example b. Note however that the 1a handover is only unnecessary in retrospect. If the UE had stopped moving before it reached the point where it had been handed over to beam 12, then the handover paradigm based on individual beams would have provided better performance.

	Handover
	-
	1a
	2a
	3a
	4a
	5a
	6a

	New Serving gNB
	1
	2
	1
	1
	3
	3
	3

	New Serving Beam
	11
	22
	12
	13
	31
	32
	33


[bookmark: _Ref465848428]Table 1. Example a) Handovers decisions based on individual active mode mobility reference signal measurements.
	Handover
	-
	1b
	2b
	3b
	4b
	5b

	New Serving gNB
	1
	1
	1
	3
	3
	3

	New Serving Beam
	11
	12
	13
	31
	32
	33


[bookmark: _Ref465849240]Table 2. Example b) Handovers decisions based on groups of active mode mobility reference signal measurements.
[bookmark: _Ref465866186]It is beneficial to trigger mobility events based on the quality of groups of beams 
What is fundamentally necessary is to group beams at least per TRP in order to avoid too many measurement reports and/or ping-pong handovers. Obviously a natural choice, as proposed by some companies, is to simply assume that this group of beams is defined as a cell. In simplified deployments, e.g. where each cell is defined by a TRP, this is indeed sufficient. Each UE will trigger measurements based on some combined quality of beams from the same cell i.e. from the same TRP.

In single TRP cells mobility events can rely on groups of beams per cell
On the other hand we believe this definition is not sufficient and unnecessarily restrictive. For example, it can be beneficial to configure UEs to trigger measurement reports based on group of beams in other granularities such as beams transmitted per TRP. In deployments of large cells comprised of many TRPs the network could benefit of receiving measurement reports per TRP instead of being forced to always rely on beam management procedures that may require more configuration and might not be easily performed in scenarios where these TRPs are linked with non-ideal backhaul. Also, considering that now the network can also configure the UE to measure on IDLE RS there may always be the possilbity to have a cell measurements available.

In some deployments the triggering of mobility events per cell is too restrictive
Mobility events should be configurable for groups of beams (based on additional RS) not restricted to all beams belonging to a cell e.g. per TRP

In the intra-RAT measurement report triggering events specified for LTE, measurements on serving (primary and secondary) and neighboring cells are considered (events A1-A5), but also measurements on CSI-RS (Event C1-C2). The events focus on cells (or, in the CSI-RS case, the CSI-RS resource) becoming better/worse than one or more given threshold(s), or offset better than another cell (or CSI-RS resource). The slogans of the LTE events are given below.

· Event A1: Serving becomes better than threshold
· Event A2: Serving becomes worse than threshold
· Event A3: Neighbour becomes offset better than PCell/ PSCell
· Event A4: Neighbour becomes better than threshold
· Event A5: PCell/ PSCell becomes worse than threshold1 and neighbour becomes better than threshold2
· Event A6: Neighbour becomes offset better than SCell
· Event C1: CSI-RS resource becomes better than threshold
· Event C2: CSI-RS resource becomes offset better than reference CSI-RS resource

In RAN2#96, it was agreed that the mobility events (A1-A6) inspired in the ones defined for LTE could be used. If beamformed additional RSs can be grouped in other levels of granularity in addition to the cell level new mobility events would need to be further considered. 
For example, an NR equivalent of even A1, denoted NR-A1 could be “Strongest beam group of serving cell becomes better than threshold”. Then, the network has always the possibility to configure groups of beams as cells.
[bookmark: _Ref465866249]New events A1’-A6’ should be defined in NR to support the notion of group of beams associated to beamformed additional RS
While this paper has discussed the definition of mobility events associated to the IDLE RS and the additional RS, another paper provides a further discussion on filtering modeling for cell based and beam based events [6].
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In this contribution, the following observations were made:
Observation 1	Having cell-based events for the IDLE RS encoding cell ID and having beam-based events for the beamformed additional RS seems to be reasonable
Observation 2	It is an open question whether there should be mobility events associated to the beamformed additional RS required to be defined per cell and/or any other kind of group of beams
Observation 3	It is beneficial to trigger mobility events based on the quality of groups of beams
Observation 4	In single TRP cells mobility events can rely on groups of beams per cell
Observation 5	In some deployments the triggering of mobility events per cell is too restrictive


Based on these observations the following has been proposed:
1. Network should be able to configure the UE with mobility events A1-A6 at least associated to the IDLE RS
1. Network should be able to configure the UE with mobility events per beam (based on individual beamformed additional RSs). FFS Detailed events
1. Mobility events should be configurable for groups of beams (based on additional RS) not restricted to all beams belonging to a cell e.g. per TRP
1. New events A1’-A6’ should be defined in NR to support the notion of group of beams associated to beamformed additional RS
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