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Introduction
[bookmark: _Ref178064866]In LTE, handover decisions from one source to a target base station can be supported by UE assisted measurement reporting of cell specific reference signals (CRSs). With the usage of beamformed RSs in NR, it is not obvious that this solution is plausible. Per-beam processing can be extensive, and the induced signaling comprehensive. Therefore, it can be tractable to consider grouping of beams as agreed in [1]. One important issue is how to derive the quality of a cell or a group of beams that is a handover candidate. The following agreement reflects the latest discussion:

Agreement
1	For connected mode, cell level signal quality for RRM measurement can be derived from multiple beams, if multiple beams can be detected (this does not preclude RRM measurement made on a single beam)
FFS how to combine beam measurements to a cell level single quality

In this contribution, we describe beam grouping via filtering of sets of connected mode RSs.
Discussion
As also discussed in [2], RRC mobility only based on individual beams may result in an extensive number of beam evaluations and measurement report signalling. It may also cause ping-pong effects, when the per-beam variations result in UEs being handed over between base stations back and forth. In the example in Figure 1, taking handover decisions based on individual mobility RS (MRS) measurements only, i.e. always handing over to the beam with the strongest MRS strength/quality, would lead to six handovers between beams (11->22->12->13->31->32->33) and three between base stations (1->2->1->3), where the handover between base stations 1 and 2 is unnecessary. 
[image: ]
Figure 1. Multiple beams from multiple nodes or gNBs.

In the example, it would have been beneficial if the UE could be configured to process groups of beams and use per beam-group processed measurements for report triggering to better support RRC based mobility.
Filtering configuration for connected mode RS sets 
Definitions
To support the detailed discussion, there is a need for some specific definitions. Figure 1 illustrates an example with nodes gNB1, gNB2, gNB3 transmitting beams 11,12,13,21,22,23,31,32,33. Initially, the UE is served by gNB1. Each beam ij (node i, beam j at node i) is associated to a connected mode reference signal (mobility reference signal, MRSij). 
Furthermore, the connected mode RS is also associated to a transmission resource, labelled a measurement window chunk(MWC) in [3], and illustrated by Figure 2.
[image: ]

[bookmark: _Ref465756947]Figure 2 : Example transmission of connected mode RS and some of the associated configuration entities for measurement window chunks.

Thereby, the beam ij is associated to a MWC for MRS transmission at transmission instant k, MWCij(k).
The MRSs may be configured to be locally unique so that a UE only detects unique MRSs, or locally non-unique, but instead transmitted in disjoint measurement window chunks.
The transmission resources may be assigned on demand or according to some pattern, for example a periodic pattern of measurement window chunks as in Figure 2. The configuration scope means that the ambition is that the combination (MRSij, MWCij(k)) is locally unique. 
In addition, each beam may also transmit a cell identifier or a node identifier that is possibly shared with other beams.
Beam grouping
A group of beams can be formed in numerous ways. The beams in a group can be served by the same node or different. Therefore, beams are discussed here in terms of the tuple (MRSij, MWCij(k)). Groups can be formed according to:
· A set of MRSs, such as a specific list, a range, a periodic set, independent of transmission resources
· A set of transmission resources, such as a specific list, a range, a periodic set, independent of MRSs
· A combined set of MRSs and transmission resources, such as a specific list of tuples (MRSij, MWCij(k)), a range of either MRSs, MWCs or both
· All tuples that share the same transmitted cell or node identifier
Note that so far the discussion in RAN2 have assumed that beam grouping is associated to only a cell ID. However, it may be beneficial to group beams even within the same cell e.g. when the same cell is comprised by multiple TRPs.
Observation 1. Beam groups can be formed without a transmitted shared cell or node ID e.g. in the case of multiple TRPs defining the same cell.
The group n is denoted Gn, and primarily, the focus will be on one group at the time, which will be denoted G without loss of generality.
Per beam measurements
Based on an obtained measurement configuration from a serving base station (or via broadcasted system information, or pre-configured), the UE configures its physical layer for monitoring of beams. The physical layer can be configured to monitor listed measurement window chunks and optionally also listed MRS (or alternatively MRSs are detected blindly). Assuming that the combination (MRSij, MWCij(k)) is locally unique, the physical layer of the UE can determine a measurement yij(k) for each beam to be monitored. 
Per beam physical layer filtering 
A per-beam filter in the physical layer determines a filtered value mij(k) at time k based on physical layer measurements yij(k), yij(k-1) , …. In case no physical layer filtering is considered, then mij(k) = yij(k).
Observation 2: The physical layer can be configured to detect, monitor, measure and filter individual beams.
Combining inter-beam measurements in physical layer
In order to reduce the transfer of measurements from the physical layer to layer 3, the measurements can be combined already in the physical layer. The preference is to combine the measurements associated to all beams of a group into one value per time instant, such as
· the largest measurement among all measurements associated to beams of the group G at a time instant
	M(k) = 
Moreover, the combining can also note the beam corresponding to the maximum value
Possibly, the per beam values yij(k) could instead be combined into one value as above Y(k), and then filtering in physical layer is considered by combining Y(k), Y(k-1)… to generate a filtered value M(k).
Observation 3: By group-wise combining measurements associated to beams in the physical layer, much of the processing and signalling efforts can be reduced
Proposal 1: Support groupwise combining of measurements in physical layer
Alternatives could be to take the average over the measurements, the median over the measurements, etc. However, as discussed in [2], this will have unwanted effects.
Layer 3 filtering
In case the combining of values from beams of the group are handled by the physical layer (preferred), then L3 only receives one value per group and time instant. This will significantly reduce the UE processing.
However, an alternative is that the grouping is handled in L3, based on per beam measurements Mij(k) = mij(k). This means that the combining will correspond to combine the measurements associated to all beams of a group into one value per time instant, such as
· the largest measurement among all measurements associated to beams of the group G at a time instant
		M(k) = 
Moreover, the combining can also note the beam corresponding to the maximum value
Once, the per group measurement value M(k) is prepared, then layer 3 filtering is considered by combining current and historical per group values M(k) into a filtered value F(k). 
Observation 4: Group-wise combining and filtering of beam measurements enable generation of cell-like filtered measurements similar to LTE.
Observation 5: The group-wise combining and filtering can be introduced without transmission of a per beam cell or node ID
One example of the L3 filtering is the current L3 filter considered in LTE (TS 36.331):
	filter the measured result, before using for evaluation of reporting criteria or for measurement reporting, by the following formula:

	
where
Mn is the latest received measurement result from the physical layer;
Fn is the updated filtered measurement result, that is used for evaluation of reporting criteria or for measurement reporting;
Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement 
result from the physical layer is received; and
a = 1/2(k/4), where k is the filterCoefficient for the corresponding measurement quantity received by the quantityConfig;
Note that k=0 implies no filtering.
	Measurement report triggering based on beam group filtered values
Given a value for a beam group, the value can be used when evaluating triggering conditions. The conditions can be based on
· A value from one beam group only
· Two values from two beam groups respectively
· One value from a beam group and one from a specific beam
This enables triggering events that compare 
· beams at a serving node grouped together compared to beams at a candidate node grouped together. In essence, this resembles the cell comparisons in other radio access technologies such as LTE
· beams at a serving node grouped together compared to a specific beam at a candidate node.
· A specific beam at the serving node compared to beams at a candidate node grouped together.
In the intra-RAT measurement report triggering events specified for LTE (TS 36.331), measurements on serving (primary and secondary) and neighboring cells are considered (events A1-A5), but also measurements on reference signals for channel state information, 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

Observation 6: Group-wise combined and filtered beam measurements enable report triggering similar to the cell-based report triggering in LTE.
Observation 7: The group-wise report triggering can be introduced without transmission of a per beam cell or node ID
Proposal 2: Introduce group-wise combining and filtering of beam measurements for report triggering evaluations
 
[bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]We made the following observations:
Observation 1. Beam groups can be formed without a transmitted shared cell or node ID.
Observation 2: The physical layer can be configured to detect, monitor, measure and filter individual beams.
Observation 3: By group-wise combining measurements associated to beams in the physical layer, much of the processing and signalling efforts can be reduced
Observation 4: Groupwise combining and filtering of beam measurements enable generation of cell-like filtered measurements similar to LTE.
Observation 5: The groupwise combining and filtering can be introduced without transmission of a per beam cell or node ID
Observation 6: Groupwise combined and filtered beam measurements enable report triggering similar to the cell-based report triggering in LTE.
Observation 7: The groupwise report triggering can be introduced without transmission of a per beam cell or node ID
And the following proposals:
Proposal 1: Support groupwise combining of measurements in physical layer
Proposal 2: Introduce groupwise combining and filtering of beam measurements for report triggering evaluations
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