Page 4
Draft prETS 300 ???: Month YYYY

3GPP TSG RAN WG2 NR AdHoc#2	Tdoc R2-1707284
Qingdao, P.R. of China, 27th – 29th June 2017
[bookmark: _GoBack]
Agenda Item:	10.4.1.4.2
Source:	Ericsson
Title:	On the need for thresholds in cell quality derivation in NR
Document for:	Discussion, Decision
Introduction
Cell quality derivation was discussed in the last RAN2 meeting and the following agreement and working assumption were made:	
Agreements
1	There is an additional configurable filter per beam of the beam level measurements output from the L1 filter for the purpose of reporting beam measurement results in RRC measurement reports.
2	There is no additional specified filter between the L1 filters and cell quality derivation function for the purposes of cell quality derivation
3	Same NR measurement model is applicable for measurements performed on CSI-RS or NR-SS.

Agreements for combining of beam measurements if N > 1:
1	Averaging will be based on power values (i.e. not dBm values)
Working assumption: Average of up to best N of the detected beams above absolute threshold

In this contribution, we analyse the working assumption and how that it does not work without further considerations. Then, we analyse the different alternatives for that.
[bookmark: _Ref178064866]Discussion
In our view, the complexity and confusion on cell quality derivation discussions have their origins on the fact that there can be a configuration where N>1. In the last meeting, RAN2 has as a working assumption that that the UE averages up to best N of the detected beams above an absolute threshold.
[bookmark: _Toc484696832]Working assumption: cell quality is computed as an average of up to best N of the detected beams above an absolute threshold.

Some companies have argued that for N>1, setting an absolute to only consider ‘good’ beams to derive the cell quality would prevent the UE to consider beams with poor signal quality. Despite this apparent “benefit”, the working assumption fails in the case the UE detects a given cell with no beams above the absolute threshold. In that case, the UE will not compute the cell quality and, as a consequence, it will not provide any input to measurement events, and it will not send measurement reports associated to the detected cell and will not enable the network to perform mobility. That will basically make the network unaware of a potential target candidate. A possible counter-argument could be that the cell referred in the example would not be suitable for a handover. However, the agreed event framework with A1-A6, without the need for that working assumption, already prevents that potential case. 
The working assumption fails (i.e. it does not work) when UE detects a given cell with no beams above the absolute threshold.
The existing event framework has the needed mechanisms to prevent a cell with poor radio quality to be applicable as a target candidate.
Another potential problem of the working assumption is that the UE may detect cells with many beams whose quality is very close to the absolute threshold, but still below. These will be cells whose cell quality will be even be computed by the UE i.e. they will be excluded target candidates. Meanwhile, other cells with at lest one good beam right above the threshold will be considered. It becomes very clear that setting that absolute threshold will be a complex task to mobile operators. And, it is quite certain that even further complexities would have to be added later such as SON algorithms, additional thresholds, additional parameters, additional rules, etc.
Proposal 1	Working assumption should not be confirmed.

Is there an alternative? 
Different alternatives for the previous working assumption have already been discussed, both online and offline and it seems the discussions have matured to the following ones:
a/ UE selects best beam + N-1 best beams above an absolute threshold
b/ UE selects best beam + N-1 best beams within a relative threshold from best 
c/ UE selects best beam + N-1 best beams (no threshold)

If network decides to configure N=1, all the three alternatives will lead to the UE performing the same cell quality derivation i.e. only based on best beam. Hence, for N=1, there is no different in complexity or performance from a network or UE perspective. 
If network configures N=1 there will be no difference in performance and/or difference in complexity between the proposed alternatives. 

The case where there could potentially be some differences between a/, b/ and c/ is when the network sets N>1. Even there, in many scenarios the UE will anyway only find one beam and apply the first part of the rule, similarly defined for any of the three alternatives (i.e. best beam). Hence, the only scenario that remains is when the network sets N>1 and the UE is able to detect multiple beams.
The only scenario where a/, b/ c/ could potentially have differences is when network sets N>1 and the UE is able to detect multiple beams per cell.
Regardless how the thresholds are set for a/ or b/, or if c/ is used, a linear average containing the best beam will always be performed.
Cell quality derivation for N=1 vs. N>1 for a/, b/ or c/
To decide between a/, b/ or c/, we plotted in Figure 1 a scenario with two cells where each cell has three beams each. The cell quality is derived using both N=1 vs. N>1 (with a linear power scale based averaging method). That is equivalent to show the effect the averages will have, regardless if there is a threshold (absolute or relative) or if there is not.
As it can be seen, the averaging based cell level quality follows the best beam based cell level quality very closely. This is due to the fact that the linear power scale based averaging will result in a value that is very close to the best beam value. This is further shown using the Figure 2 where Cell 1’s CRSRP is calculated using the linear power scale averaging and also the per beam level RSRP values are also shown. As can be seen, the CRSRP follows the best beam very closely. This is also true for cell-2 of Figure 1. Therefore, linear power scale averaging based result can be seen as a method wherein different cells quality will be ‘degraded’ compared to the best beam based method. However, it is important to notice that whether one compares two degraded values or whether one compares two best beam based values, the timing of when a neighbouring cell becomes better will be very similar and this this further evident in Figure 1. 
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[bookmark: _Ref485192175]Figure 1 : Cell level quality (based on average of three beams and based on best beam in the cell) for two cells that have three beams each
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[bookmark: _Ref485192593]Figure 2 : Linear power scale based averaging for a Cell-1 and the BRSRP values of each of the three beams

A linear power scale based averaging method will result in a cell quality that closely follows the best beam of that cell.
Whether best beam based cell quality derivation is used or linear power scale based cell quality derivation is used, the timing of cell reselection will be very similar.
As the performance of linear power scale based averaging method will be very similar to that of best beam based method, there is basically no significant difference between a/, b/ or c/ in terms of the cell quality values they generate and how events will be triggered.



How can we choose between a/, b/ or c/?
Since they do not provide significant differences in how events are triggered, a natural selection criteria between the alternatives could be to select the simplest solution. 
Under the previously discussed assumptions, from a UE vendor’s perspective that should not matter. For a UE, network will either provide the UE with a relative or absolute threshold, in a/ or b/, or no threshold in c/ and UE just follows (we are assuming the complexity of using a threshold or not is negligible). Hence, what should define the final decision is the complexity in terms of network implementation and mobile operational complexity of setting an absolute vs. relative threshold vs. no threshold at all. The following table tries to summarize these analyses. 
	Cell quality derivation
	Event triggering 
	UE complexity
	network complexity
	operator complexity

	a/ UE selects best beam + N-1 best beams above an absolute threshold

	Follows best beam
	Low
	High
	High

	b/ UE selects best beam + N-1 best beams within a relative threshold from best 

	Follows best beam
	Low
	Moderated
	Moderated

	c/ UE selects best beam + N-1 best beams (no threshold)

	Follows best beam
	low
	Low
	Low



From a network vendor and operator’s perspective, it is clear that c/ is the simplest solution, as it requires only a single parameter to be set. If in some areas operators want to control the triggering of events to be later, by applying an average of beams, they can always control that by setting N>1 to different values. 
From a network and operator’s perspective, it is obvious that a/ is the most complicated solution, as it requires the setting of a combination of parameters N and absolute threshold, which is known to be not obvious to be set. And, since there is already a parameter N that can be set >1, a threshold seems quite redundant, especially considering the questionable benefits the average can bring. 
From a network and operator’s perspective, c/ has a moderated complexity, as it also requires the setting of combination of parameters N and relative threshold. In fact, with the relative threshold, N, which may not be so useful, becomes almost completely useless as the relative threshold could control the desired effects in a simple way. However, as we agreed that N>1 and that cannot be reverted, we believe that adding an additional parameter is redundant. 
Based on these analyses the following is proposed:
Proposal 2	Cell quality should be derived by averaging the best beam with the N-1 best beams where N is network configured i.e. no threshold needs to be configured.
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