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1
Introduction
Several agreements were made in RAN2#90 regarding how to support cell reselection for low complexity [3].
1
From Mobility point of view, we need to discriminate between 2 cases, a) UEs in normal coverage, and b) UEs in enhanced coverage. Additional functionality for Normal UEs in EC (beyond support of LC UEs in EC) shall have low priority. 

2
Cell selection functionality exists also in the enhanced coverage cases following legacy cell selection as baseline. 

2a
If a cell supports Rel-13 LC UE, a Rel-13 LC UE is allowed to select the cell; otherwise the cell is considered as a barred cell. 

2b
If a cell supports Rel-13 EC functionality, the Rel-13 UE supporting EC mode is allowed to select the cell in normal or enhanced coverage.

4
The UE uses normal mode if the cell is suitable according to legacy/normal S criteria, and otherwise uses EC mode if the cell is suitable according to EC S criteria. This assumption is dependent on RAN4 outcome on measurements in EC. 

5
RAN2 assumes that Intra-frequency Cell reselection and same priority cell reselection is supported by Rel-13 EC UEs. RAN4 involvement is needed to determine the feasibility, in particular for deep EC. 

6
The UE shall reselect to inter-frequency cells in which the UE is able to operate in NC over cells in which it has to use EC based on radio measurements. 

9
Inter-RAT cell reselection from LTE to other RATs is supported by existing means (if the UE supports other RATs).

This paper aims to clarify the stage 3 implications of agreements 4-6 and revisits the problem explained in [2] which has not yet been solved. 
We also highlight one issue for RAN4 measurement rules which has not yet been addressed in [1].
2
Discussion
The implication of agreement 4 is that for serving cell and neighbour cell the UE checks whether suitablility based on the below criteria and determines whether enhanced coverage mode is necessary. 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation

Squal = Qqualmeas – (Qqualmin + Qqualminoffset)
If Srxlev or Squal <= 0 then UE shall use the enhanced coverage S-criteria, according to the agreement. 

In order to clarify exactly what the enhanced coverage S-criteria is, we propose that Qrxlevmin and Qqualmin are simply replaced by new signalled values Qrxlevmin,EC and Qqualmin, EC and the same calculation will apply using these values. According to the current agreement, this will occur whenever the legacy suitability check fails. 
	Proposal 1: Enhanced coverage S-criteria is the same as legacy S-criteria, replacing the Qrxlevmin and Qqualmin with the newly signalled values.  

Srxlev = Qrxlevmeas – (Qrxlevmin,EC + Qrxlevminoffset) – Pcompensation

Squal = Qqualmeas – (Qqualmin,EC + Qqualminoffset)



With agreement 5, for equal priority frequencies and intra-frequency, the UE will rank cells and this will anyway ensure the UE picks the strongest cell whether that is enhanced coverage or not. 
However, the absolute priority reselection rules for higher or lower priority frequencies compare the Srxlev (or Squal) against Thresh,x:

cell reselection to a cell on a higher priority E-UTRAN frequency or inter-RAT frequency than the serving frequency shall be performed if:

-
A cell of a higher priority RAT/ frequency fulfils Srxlev > ThreshX, HighP during a time interval TreselectionRAT; 

cell reselection to a cell on a lower priority E-UTRAN frequency or inter-RAT frequency than the serving frequency shall be performed if:

-
The serving cell fulfils Srxlev < ThreshServing, LowP and a cell of a lower priority RAT/ frequency fulfils Srxlev > ThreshX, LowP  during a time interval TreselectionRAT;
Srxlev (or Squal) is calculated by taking the measured power, and subtracting the minimum allowed power. This means that in order to implement agreement 6 we must modify the absolute priority in use for a particular frequency (serving or neighbour) when the enhanced coverage S-criteria is in use in order to be able to select a cell which does not need enhanced coverage over a cell which does. 

Proposal 2: Clarify that when a frequency needs enhanced coverage to operate then it has the lowest absolute priority (lower than the 8 configured priorities). 

When 2 different frequencies both need enhanced coverage to operate we can handle this in 2 different ways. We can either consider them to have the same relative priority to each other (e.g. f1 is higher priority than f2) or we can treat them as equal priority layers and rank the cells. In order to ensure that the best cell is selected, and for simplicity, when enhanced coverage is used we propose to treat these frequencies as equal priority (lower than the 8 configured priorities).

Proposal 3: When 2 frequencies both require enhanced coverage these are treated as equal priority layers (lower than the 8 configured priorities). 

We must also calculate Srxlev/Squal for cells on neighbour frequencies to determine whether enhanced coverage is needed on those cells, and to determine whether to use the legacy S-criteria or the enhanced coverage S-criteria in the cell reselection evaluation. This implies that the updated suitability criteria needs to be signalled for neighbour cells and frequencies, as it is for legacy.
Proposal 4: Enhanced coverage Qrxlevmin and Qqualmin is signalled for neighbouring cells and frequencies (also implies support of enhanced coverage on those neighbours).

The above proposals, along with agreement 4 address every case of inter-frequency reselection assuming the cell reselection thresholds are always set as Threshx = 0. However as we know this isn’t the case and as such taking agreement 4 and 6 as currently stated will not work for Thresh,x not equal to 0. That is because if we base the use of enhanced coverage S-criteria only on whether the legacy S-criteria is met, then the switch between current cell and neighbour cell Srxlev will occur at a different point to which the cell reselection thresholds are met. Remember that cell reselection criteria are functions of Srxlev (or Squal). 

This means that is is possible to reselect from a cell using normal coverage mode to a cell using enhanced coverage mode (problem 1), and it is possible that the UE will stay on a cell using enhanced coverage mode, when there is a higher priority (due to lowest priority on EC layer) cell available (problem 2) and so the agreement 6 can’t be achieved in all cases. The simple example is when the serving cell measurement goes below Sserving,low – this enables the UE to reselect to a lower priority frequency. That lower priority frequency might require enhanced coverage to operate, however the serving frequency is still stuitable according to legacy S-criteria so can operate in normal coverage.
To get around this problem, and as proposed in [2], the cell reselection criteria needs to be evaluated for both the legacy and enhanced coverage Srxlev/Squal. This ensures that the lowest priority status is always applied when using Qrxlevmin,EC and the normal prority status is always used when using Qrxlevmin. This addresses both of the problems because the UE will always select the normal coverage layer over the enhanced coverage layer taking into account the correct S-criteria and priority for each state (enhanced/normal coverage states).
The alternative to this proposal to address the problem 1 is to include some additional logic that prevents a reselection to a cell using enhanced coverage Qrxlevmin,EC when the serving cell Thresh,serving is not met but the S-criteria is still met, and the neighbour enhanced coverage layer meets the low priority reselection threshold. However in our opinion this adds overall complexity due to the additional logical check, compared to using the 2 S-criteria which anyway need to be calculated when enhanced coverage is used.
Proposal 5: To discuss whether to address the cell reselection between enhanced coverage and normal coverage frequencies by using simultaneous priority/threshold evaluation [2], or by adding a logical rule to prevent reselection from normal to enhanced coverage in case the cell reselection criteria is met using single priority/threshold.

The problem 2 is solved automatically if lowest priority is assigned to the serving layer, hence UE can always reselect the higher priority layer. However, what is not addressed is the measurement rules defined in RAN4, and this has not been addressed in the LS from RAN4 [1]. Currently the UE performs measurements of higher priority layers less frequenctly if the serving cell is above a threshold based on Srxlev. Since the enhanced coverage criteria will be used, this means that the serving cell threshold will be above that criteria. In order to perform measurements more frequently the RAN4 measurement rules should always be based on the legacy S-criteria, and should not switch when enhanced coverage criteria is being used (so coverage based measurments for reselection will be always performed based on legacy coverage level and not enhanced coverage level). 

Proposal 6: To send an LS to RAN4 highlighting the problem of measurement rules based on legacy and enhanced coverage S-criteria.

4
Conclusion

In this paper we make the following conclusions: 
Proposal 1: Enhanced coverage S-criteria is the same as legacy S-criteria, replacing the Qrxlevmin and Qqualmin with the newly signalled values.  

Srxlev = Qrxlevmeas – (Qrxlevmin,EC + Qrxlevminoffset) – Pcompensation

Squal = Qqualmeas – (Qqualmin,EC + Qqualminoffset)
Proposal 2: Clarify that when a frequency needs enhanced coverage to operate then it has the lowest absolute priority (lower than the 8 configured priorities). 

Proposal 3: When 2 frequencies both require enhanced coverage these are treated as equal priority layers (lower than the 8 configured priorities). 

Proposal 4: Enhanced coverage Qrxlevmin and Qqualmin is signalled for neighbouring cells and frequencies (also implies support of enhanced coverage on those neighbours).

Proposal 5: To discuss whether to address the cell reselection between enhanced coverage and normal coverage frequencies by using simultaneous priority/threshold evaluation [2], or by adding a logical rule to prevent reselection from normal to enhanced coverage in case the cell reselection criteria is met using single priority/threshold.

Proposal 6: To send an LS to RAN4 highlighting the problem of measurement rules based on legacy and enhanced coverage S-criteria.
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