[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #105	R2-1900608
Athens, Greece, 25 Feb – 01 Mar  2019	revision of R2-1812317
	


Agenda item: 	11.9.3
Source:	Nokia, Nokia Shanghai Bell
Title:	Beam selection and consolidation enhancements
WID/SID:	NR_Mob_Enh - Release 16
Document for:	Discussion and Decision
1	Introduction
The objectives of the study/work item on NR mobility enhancements are described in [1] as follows
	· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 


 
The robustness and reliability of the handover depend on the accuracy of measurement reports sent by the UE to the serving base station. The current measurement model which takes into account beam level measurements and allows to derive cell level result can be found in [2]. This paper is aimed at analysing the performance of such approach and suggests related enhancements for Rel. 16.
2	Discussion and analysis
As briefly pointed out in the introduction, physical layer measurements are L1 filtered and then consolidated for obtaining the cell level measurement result (in compliance with RRC-configurable parameters). UE derives cell level quality as a linear average of the power values of the highest L1 beam measurements. This procedure is shown in Fig. 1.



[bookmark: _Ref503188645]Fig. 1: Measurement Model [2].
It can be easily noticed from Fig. 1 that a lower branch of the model is used solely when beam results are to be reported by the UE (as a result of network configuration). It implies that L3 filtering is applied on individual beams only if configured (details of the L3 filtering can be found in [3]). Simply saying, beam consolidation/selection (i.e. upper branch in Fig. 1) is done purely based on L1-filtered beam results, which may be insufficiently filtered. This could be a serious issue, especially that those cell-level results are used for sensitive decisions, such as inter-cell HO triggering. 
2.1	Bias between L3 beam and L3 cell results
In our study, we have verified a scenario, wherein the UE had 8 available L1 beam measurements. Among them, three (shown in black, red and gray) were significantly stronger than the remainder (see the Fig. 2a). The green dashed curve shows the L1 cell quality measurement (i.e. the equivalent of Point B in Fig. 1), which is derived always from the instantaneously best L1 filtered beam. 

[image: ]

a) L1 measurements of the beams and cell.
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b) L3 measurements of the beams and cell.
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                 c) Difference between L3 cell measurement and the strongest L3 beam measurement at each time instant.
Fig. 2: UE has three strong beams (out of 8 measured) with similar measurement results.
It is worth noting how large can be a difference between the L3 cell measurement result and instantaneously strongest of all L3 filtered beams (as shown in Fig. 2c), when there are multiple strong beams. It is not straightforward to decide which beam is in fact the most suitable for selection at each time instant, based on inaccurate L1 filtering. As a result, bias (visible in Fig. 2c) may occur and this, in turn, can lead to inter-cell handover issues. Please consider the following scenario:
· UE detects one strong beam from the source cell and multiple strong beams with similar power from the target cell.
· Target cell would appear stronger than it is in reality.
· This may lead to a “too early HO” as the UE attempts accessing an unstable target cell.
The opposite situation may also occur:
· UE detects multiple strong beams with similar power from the source cell and one strong beam from the target cell.
· Source cell would appear stronger than it is in reality.
· This may lead to a “too late HO” as the UE will attempt accessing the target cell too late, likely leading to a failure.

Observation 1: [bookmark: _Ref503266508]The difference between cell level quality (derived from a single/strongest beam) and the instantaneously strongest L3-filtered beam can be dangerously large, negatively impacting e.g. HO decisions.
The following section of this paper provides a suggestion how this discovered deficiency can be mitigated. 
3	Potential enhancements
3.1	Measurement model modification
The decision which beams ultimately to choose for cell level quality derivation shall not be based just on L1 filtered beams which, as shown in Fig. 2, may lead to instability and discrepancies between the cell level result and the actual beam power level result. Thus, we suggest modifying the current measurement model by changing the beam selection process. An external information can be fed to “Beam Consolidation/Selection” module, as depicted in Fig. 3. UE derives cell measurement quality as the linear average of the power values of L1 beam measurements, but those corresponding to the highest L3 filtered beam measurements (feedback marked with blue lines in Fig. 3). The same threshold for choosing “relevant beams” and the same parameter N (both RRC-configurable) can be used. 
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[bookmark: _Ref503193907]Fig. 3: The external information from L3 beam filtering is fed to Beam Consolidation/Selection to support cell quality derivation.
3.2	Performance improvement
The same scenario as described in subsection 2.1 has been verified with the enhanced measurement model. UE had 8 L1 beam measurements available, among which three were significantly stronger (i.e. “relevant”) than the other beams, see Fig. 4a. In this case, the UE has used external information obtained from L3 filtered beam measurements (filtered with a time constant of 50 ms) to choose L1 beams used for deriving the cell quality. As can be observed from Fig. 4c, the performance has vastly improved as the gap between L3 cell measurement and the instantaneously best L3 beam measurement has been substantially diminished.
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a) L1 measurements of the beams and cell.
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b) L3 measurements of the beams and cell.
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                 c) Difference between L3 cell measurement and the strongest L3 beam measurement at each time instant.
[bookmark: _Ref503195074]Fig. 4: L3 filtered beams feedback to support the proper choice of L1 beams to derive cell level quality.

Observation 2: [bookmark: _Ref503266531]Modified measurement model can significantly decrease the bias between cell level quality and instantaneously strongest L3-filtered beam (as depicted in Fig. 4c).
Based on the above evaluation and observations, we propose:
Proposal 1: Modify the existing Measurement Model by introducing the external information fed back to the Beam Consolidation/Selection entity.
4	Conclusions
This paper discussed the potential enhancements to NR’s Measurement Model that introduce more stability into cell level results obtained based on beam-level measurements. As a result, the following observations and proposals have been made:
Observation 1: The difference between cell level quality (derived from a single/strongest beam) and the instantaneously strongest L3-filtered beam can be dangerously large, negatively impacting e.g. HO decisions.
Observation 2: Modified measurement model can significantly decrease the bias between cell level quality and instantaneously strongest L3-filtered beam (as depicted in Fig. 4c).
Proposal 1: Modify the existing Measurement Model by introducing the external information fed back to the Beam Consolidation/Selection entity.
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