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[bookmark: _Ref462817227]Introduction
In RAN2#95bis, the work on DL-based mobility in RRC_CONNECTED with RRC involvement has progressed and companies started to discuss issues related to RRM measurements and the measurement reporting mechanisms. The important issues that have been identified are the following:
· How to perform RRM measurements based on beams associated to a cell?
· How to trigger measurement reports associated to individual beams and/or active mode cells?
How are these measurements reports i.e. in which level of granularity? This contribution revisits the LTE design for the mobility events framework and proposed potential changes in NR in order to respond the abovementioned questions. 
[bookmark: _Ref178064866]Discussions
[bookmark: _Ref462918989]In RAN21, It has been agreed that the following options for RRM measurement quantities to be reported for L3 mobility:
· derived per cell (e.g., if multi-beam, as a function of multi-beam measurements)
· derived per beam
· a combination of both

In NR, the possibility of using beamformed mobility RSs will bring advantages in terms of directing the UE to the right beam upon handover, but also posts challenges on the UE measurement and reporting. It is expected that the UE will be able to detect a high amount of active mode mobility reference signals at the time, and there might be situations where performing handover based on measurements of individual active mode mobility reference signals is not the most beneficial choice. 
One situation when handover based on individual active mode mobility reference signal measurements can be problematic is when the handover decision causes ping-pong between different nodes, as discussed in [1]. 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 active mode mobility reference signal measurements only, i.e. always handing over to the beam with the strongest MRS, 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 gNB’s. 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.
	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 can be beneficial to use beam groups to triggering mobility events.


In LTE, the measurement report triggering can be either periodical, or event based [2]. While periodical reporting opens for the network to have flexibility in handover decisions, event based triggering can be a helpful tool to avoid overhead signalling. It is therefore proposed to keep the possibility to have both periodical and event based measurement report triggering also in NR.

[bookmark: _Ref465866231]Both periodical and event based measurement report triggering is used in LTE.

[bookmark: _Toc462994702][bookmark: _Ref465866236]Both periodical and event based measurement report triggering should be supported in NR.
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

[bookmark: _Ref465866242]Intra-LTE measurement report triggering events consider measurements on cells and CSI-RS.
In NR, mobility events inspired in the ones defined for LTE could be used. They could be enhanced to take into account both individual beams and groups of beams. A special case is when this group is defined by a cell. For example, an NR equivalent of even A1, denoted NRA1 could be “Strongest beam of serving cell becomes better than threshold”.
[bookmark: _Ref465866249]The mobility event framework from LTE should be used for NR where enhancements are needed to evaluate the absolute and relative quality of individual beams per cell and/or groups of beams.
For more information on how the UE could retrieve information on the beam groups, see our companion contribution [3].
When using groups of beams for the mobility events, a first option could be combining measurements of different beams from the same group that can be detected. This would give a suboptimal result as one bad beam could reduce the resulting value significantly, even when there are suitable beams available within the group for serving the UE.
Another option could be that a certain number of beams from the group above a given threshold are required in order to trigger the event. This would however give an unfair comparison between groups, since one good beam is enough to serve the UE. Requiring a certain number of beams above a given threshold in order to trigger the event would then give a skewed comparison between a gNB with fewer and more detectable MRSs.
A third option would be to consider the best beam measurement within one group as the measurement representing that group at each time instant. If one assumes the group is a cell, cell quality would be defined by the quality of the best beamformed MRS averaged over multiple occasions, also see [4]. 
[bookmark: _Ref465866270]In the case of grouping, L3 filtered value of the strongest measurement among all measurements associated to beams of the group should be supported.
Even though the measurement reporting may be triggered based on a group of beams, it should still to include the beam individual measurements in the measurement report. This will allow for handover towards a specific target beam within the selected beam group.
[bookmark: _Ref465866274]It should be possible to include beam individual measurements in mobility measurement reports triggered based on events considering groups of beams.
It should be noted that when considering active mode cell, beam and group based events used for mobility reporting triggering, corresponding individual offsets, such as active mode cell individual offset, beam individual offset and group individual offset would implicitly be needed. Here, also corresponding individual time to trigger could be considered.
[bookmark: _Ref465866280]When considering active mode cell, beam or group based events used for mobility reporting triggering, corresponding individual offsets and TTT could be used.

[bookmark: _Toc461106288]Conclusion
In this contribution, the following observations and proposals were made;
Observation 1: It can be beneficial to use beam groups can for triggering handover events and UE reporting.
Observation 2: Both periodical and event based measurement report triggering is used in LTE.
Observation 3: Intra-LTE measurement report triggering events consider measurements on cells and CSI-RS.
Proposal 1: It should be possible to use both periodical and event based measurement report triggering also in NR.
Proposal 2: Similar events as for LTE should be used for NR mobility reporting triggering.
Proposal 3: It should be possible to consider individual beams in the events used for NR mobility reporting triggering.
Proposal 4: It should be possible to consider groups of beams in the events used for NR mobility reporting triggering.
Proposal 5: When considering groups of beams in the events used for NR mobility reporting triggering, the L3 filtered value of the largest measurement among all measurements associated to beams of the group should be supported.
Proposal 6: It should be possible to include beam individual measurements in mobility measurement reports triggered based on events considering groups of beams.
Proposal 7: When considering active mode cell, beam or group based events used for mobility reporting triggering, corresponding individual offsets and TTT could be used.
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