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1
Introduction
RAN1 asked about RAN2 view on mobility impacts due to coverage enhancements in [3]. For connected mode it was assumed that no enhancements are needed, however due to lack of time the idle mode mobility impact for coverage enhancement was not discussed. In this paper we discuss necessary idle mode enhancements for mobility, and identify other potential impacts which may arise depending on the outcome of RAN1 discussions.
This revision contains additional analysis related to the documents provided in [4], [5], [6], [7] where it has been observed that for cell reselection, it is necessary to provide a way to prioritise reselection to cells which can operate without coverage enhancement over cells which require coverage enhancement, and to compensate for the lower minimum suitability criteria in cell reselection. Specifically scenario 2 is updated to include the case whereby a UE moves to/from enhanced coverage. Proposals 1a, 1b and 2a are added, and explained by parts highlighted in yellow in sections 2.1 and 2.2 and the update includes all of section 2.3, which explains why proposal 2a is necessary and how it works.
2
Idle Mode mobility
In the LS, RAN1 have clearly indicated that their assumption is that UEs operating in coverage enhanced scenarios will be delay tolerant and the expectation, as indicated in the LS, is that additional delays and reduced mobility performance is acceptable given the delay tolerant nature of the traffic. 

Furthermore the assumption according to [2] is that these devices will be stationary, or near stationary – since moving UEs will typically not be out of coverage and hence requiring enhanced coverage mode for long periods of time. 

2.1


Scenarios

Actually there are 3 different scenarios for enhanced coverage mode to consider in idle mode and in connected mode. 
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Scenario 1: UE is in a limited coverage cell; UE cannot detect any possible reselection or handover candidates.

· Stationary UE will not need any mobility (typical case)

· Slow moving UE may either move out of coverage completely in case no mobility enhancement can help, or will move towards better coverage of the same eNB (UE may need to switch between enhanced coverage operation and normal operation)
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Scenario 2: UE is in a border area between 2 cells capable of operating in enhanced coverage mode.

· Stationary UE will not need any mobility (typical case)

· Slow moving UE may need to perform a cell re-selection or handover/re-establishment to another cell to operate in enhanced coverage mode
· UE may move from an area which can only use enhanced coverage, to an area where one cell can operate in normal coverage mode and another can operate only in enhanced coverage mode – or vice versa (from normal coverage to enhanced coverage on another cell). Shown by the red arrow. 
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Scenario 3: UE in basement or other indoor location where it need to use enhanced coverage operation

· Stationary UE will not need mobility (typical case)

· Slow moving UE (e.g. taking UE out of basement) will simply move to good coverage on the same cell – then any mobility can be performed as normal (similar to scenario 1)
2.2 
Cell Selection

Obviously the UE needs to support some initial cell selection. In order to camp on a cell which can support enhanced coverage operation, the UE somehow needs to know the cell support of enhanced coverage operation. It could be argued, that the fact the UE is able to receive SIBs from that cell (e.g. based on repetitions of SIB transmission) then this would imply enhanced coverage mode is used. However, since the coverage has been enhanced, then the suitability criteria for the cell would allow for a lower Qqualmin and/or Qrxlevmin. Hence we believe that an enhanced coverage cell should broadcast at least an indication of whether enhanced coverage is supported (e.g. in MIB or one of the SIBs) and preferably this should include an indication of the extent which it is supported in the context of suitability criteria – either a separate Qrxlevmin/Qqualmin to be applied for enhanced coverage cell suitability calculation, or an offset to the already transmitted values.
It has been proposed that UE should consider cells which need to be used in enhanced coverage mode only when the UE is in “any cell selection” state – or in other words, the UE would need to scan all supported frequencies and bands for a suitable cell, before allowing camping on a cell that would need to use enhanced coverage mode. This can be time consuming and cause excessive power drain and may uneccesarily delay the UE obtaining service, especially if several EUTRAN bands are supported. It would be beneficial if the cell selection procedure is left unchanged – the UE will anyway select the best cell on a frequency if it is suitable, and in order to ensure the UE does end up on the best cell *(either the best enhanced coverage cell, or the best non-enhanced coverage cell) we need to ensure that cell reselection works correctly, and prioritise the cells which don’t require enhanced coverage, as proposed in [4]. The cell measurement compared to suitability criteria is also a convenient way to determine which mode of operation the UE should use as observed already in [7].
Proposal 1: Cell supporting enhanced coverage operation should broadcast updated suitability criteria to support cell selection in this mode of operation, and imply support of this mode of operation in the cell.
Proposal 1a: The cell measurement determines whether UE should operate in enhanced coverage mode or normal mode. If Srxlev/Squal is above Qrxlevmin/Qqual then normal operation is required. If Srxlev/Squal is below Qrxlevmin/Qqual but above Qrxlevmin,EC/Qqual,EC then enhanced coverage operation is used. If Srxlev/Squal is below both thresholds then cell is not suitable for either operation. 
Proposal 1b: No further modifications to the cell selection procedure. If UE finds the best cell on a frequency is suitable because it supports enhanced coverage, then cell reselection should ensure the UE moves to a better cell if one is availble. 
2.3 
Cell Reselection
Even a stationary UE may need to perform cell reselection (in scenario 2 above), the UE would need to know at least whether neighbours support enhanced coverage mode – but suitability criteria for neighbouring cells/frequencies (which would also imply support of enhanced coverage mode) and potentially the cell reselection thresholds for frequencies of cells supporting enhanced coverage mode may need to be updated to take into account the improved uplink and/or downlink coverage. 
Proposal 2: Neighbour list signalling needs to be updated to indicate the updated suitability criteria of neighbouring frequencies and cells in order to support cell reselection in this mode of operation, and imply support of enhanced coverage operation in the neighbouring cell/frequency. 

For equal priority frequencies, the UE will rank cells – similar to cell selection, this will 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. 
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation

Squal = Qqualmeas – (Qqualmin + Qqualminoffset)
This means that if we broadcast a lower Qrxlev (or Qqual) then the Srxlev calculated will be a larger value, and more likely to be above the threshold – either serving cell threshold Thresh,seving,low or the neighbour threshold Thresh,X. 

In addition the measurement rules for higher or lower priority frequencies are based on the Srxlev/Squal. 

There are therefore 2 main problems introduced to cell reselection when we introduce a new Qrxlevmin/Qqualmin for enhanced coverage cells (e.g. Qrxlevmin,EC + Qqualmin,EC), if this value simply replaces the legacy broadcast values. 

Problem 1: Cell reselection from good coverage to bad coverage: 

The UE may be camped on a cell which is not using enhanced coverage *(either because cell does not support this, or cell level is good enough that this mode is not enabled). The UE will be periodically measuring for higher priority frequencies. The UE may detect a cell on a higher priority frequency that would not normally meet the cell reselection criteria, however due to the modified Srxlev calculated with the modified Qrxlevmin, the cell reselection criteria is met, meaning the UE reselects from a good coverage cell to a cell which can operate only with coverage enhancements. 
Problem 2: Preventing reselection from bad coverage to good coverage: 

Once the UE has camped on the enhanced coverage cell, the UE will not perform inter-frequency measurements on equal or lower priority frequencies (since modified Srxlev means measurements are not required), or will not reselect even if measurements are done (since modified Srxlev means the serving cell quality is still above the threshold). So even if there is another potential cell which is in good coverage conditions the UE will not select it.
A simple solution would be desirable in order to address the following requirements

· non-enhanced coverage cells should be prioritised over enhanced coverage cells
· legacy reselection is unaffected (i.e. UE can move between cells supporting enhanced coverage as normal when coverage is not limited – for example to a higher priority layer) 

· cell reselection always ensures the UE will move from a cell selected during cell selection to a non-enhanced coverage cell if possible (therefore avoiding impact to cell selection procedure)
· absolute priority cell reselection measurement rules and cell reselection criteria are unchanged. 

Solution: 
Proposal 2a:

1) The UE calculates 2 Srxlev (or Squal) values – one for normal coverage mode and another for enhanced coverage mode for any cell/frequency for which an updated Qrxlevmin,EC or Qqualmin,EC is provided (including current frequency/cell).

Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation

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

2) Srxlev calculated based on the legacy Qrxlevmin is used along with the legacy configured priority for that frequency. Srxlevmin,EC calculated based on the updated Qrxlevmin,EC is used along with a low priority (lower than the 8 configured values)
3) UE evaluates the frequency (including current frequency) using both priorities and both S-values, as if these were 2 separate frequencies/cells

The above solution avoids all of the problems described and achieves all of the requirements listed without modifying cell selection criteria, cell reselection criteria, or measurement rules. 

The following figures demonstrate how this is achieved and why the UE must consider both the existing Srxlev and priority along with Srxlev,EC with lowest priorty simultaneously.
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Figure 1: Inter-frequency cell reselection from coverage of cell supporting only normal coverage mode, to cell supporting enhanced coverage on higher priority frequency.

Figure 1 shows how problem 1 would happen, and how it is solved with the proposed solution. The red line is the Srxlev of the serving (non-enhanced coverage cell). The green line is the Srxlev,EC of the inter-freq neighbour cell and the purple line is normal Srxlev of the neighbour cell. 
If we simply introduced Qrxlevmin,EC then the green line will be used along with higher absolute priority. This means that when the green line goes above Thresh,x the UE shall reselect to the enhanced coverage cell regardless of the current cell coverage – clearly this is not desirable behaviour to anybody. However, if we assign a low priority to the green line, then this will only be reselected when the coverage of the current cell is too low and the other frequency is above the threshold. This ensures the UE will reselect away from the non-enhanced coverage cell only if it is below the threshold – which prioritises normal coverage over enhanced coverage. Hence the first problem is addressed by using Srxlev,EC with a low absolute priority. 
In addition to the Srxlev,EC the UE must still monitor Srxlev, because if the higher priority layer goes above the threshold with Srxlev (i.e. without coverage enhancement), then the UE must still reselect the higher priority layer regardless of the serving cell measurement as per legacy behaviour.
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Figure 2: Inter-frequency cell reselection from coverage of cell supporting enhanced coverage mode, to cell not supporting enhanced coverage on lower priority frequency.

Figure 2 shows how problem 2 would happen, and how it is solved with the proposed solution. The purple line is the Srxlev of the neighbour cell on the lower priority frequency. The red line is the Srxlev of the current cell using the exiting Qrxlevmin. The yellow line is Srxlev,EC of the current cell. 

When the red line goes below Thresh,serving,low the UE would normally start to perform the low priority measurements. However if the enhanced coverage cell is on a higher priority frequency the measurements would not be enabled if we were using Srxlev,EC. If we assign lowest priority to the enhanced coverage cell, then the UE will always measure for higher priority frequencies according to the power saving higher priority measurement rules. Then the UE will reselect the non-enhanced coverage cell once it’s Srxlev meets the threshold. 
UE also needs to monitor the existing Srxlex in this case along with the configured NW priority because measurements of equal priority layers are enabled only when the serving quality goes below a threshold – if we considered the cell only as lowest priority, then as the yellow line in figure 2 never goes below this threshold, equal priority layer measurmenets would never be enabled, and the UE would not be able to reselect to another enhanced coverage cell. The measurements would be enabled based on the existing Srxlev of the serving cell to allow equal priority measurements of another enhanced coverage cell. For equal priority layers the UE performs ranking and will reselect the best cell according to the ranking – this may be another enhanced coverage cell on another frequency.
Note that the above evaluation applies also for Squal measurements and the related thresholds, if used.
3. 
Other Impact

RAN1 are still discussing the approaches to use for achiving coverage improvement for SIB reception, Random Access, etc -- depending on the chosen approaches then we have identified the potential need to modify the following timers, parameters, and procedures: 

Reception of SIBs

· New SI-RNTI for re-transmissions/repetitions. 
· New compact SIBs with reduced content.

· New parameters to specify modified SI window size, scheduling etc.

Random Access

· T300 + T301 extension (when transmitting RRC Connection Request or Re-establishment)

· Random Access Procedure parameter extension 

· preambleretransMax
· contention resolution timer

· RAR response timer / window
· New RA-RNTI
· Potentially new PRACH format.

· Potentially dedicated PRACH resource and/or preamble partition

Paging

· Paging Occasion Calculation
Connected Mode

· Whether DRX should be supported and if parameter extension is needed.
· T311 extension (connection re-establishment procedure). 
· Since SIB acquisition may take longer overall there may be longer timer needed before determining RRC connection (re)establishment failure and moving to idle, e.g. in case of cell re-selection.

· T310 – RLF timer. 
· May need to increase the time before declaring RLF.
General

· Impact to HARQ procedure and parameters.

· RRC (Re)Configuration in dedicated signalling

· The need to configure (E)PDCCH blind search for at least UE-specific search space

Proposal 3: RAN2 need to wait for further decisions from RAN1 before agreeing on any further changes. However, we should compile the open issues noted in this contribution, along with any others raised.
4
Conclusion

In this paper we make the following conclusions: 
Proposal 1: Cell supporting enhanced coverage operation should broadcast updated suitability criteria to support cell selection in this mode of operation, and imply support of this mode of operation in the cell.
Proposal 1a: The cell measurement determines whether UE should operate in enhanced coverage mode or normal mode. If Srxlev/Squal is above Qrxlevmin/Qqual then normal operation is required. If Srxlev/Squal is below Qrxlevmin/Qqual but above Qrxlevmin,EC/Qqual,EC then enhanced coverage operation is used. If Srxlev/Squal is below both thresholds then cell is not suitable for either operation. 

Proposal 1b: No further modifications to the cell selection procedure. If UE finds the best cell on a frequency is suitable because it supports enhanced coverage, then cell reselection should ensure the UE moves to a better cell if one is availble. 
Proposal 2: Neighbour list signalling needs to be updated to indicate the updated suitability criteria of neighbouring frequencies and cells in order to support cell reselection in this mode of operation, and imply support of enhanced coverage operation in the neighbouring cell/frequency. 

Proposal 2a:

1) The UE calculates 2 Srxlev (or Squal) values – one for normal coverage mode and another for enhanced coverage mode for any cell/frequency for which an updated Qrxlevmin,EC or Qqualmin,EC is provided (including current frequency/cell).

Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation

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

2) Srxlev calculated based on the legacy Qrxlevmin is used along with the legacy configured priority for that frequency. Srxlevmin,EC calculated based on the updated Qrxlevmin,EC is used along with a low priority (lower than the 8 configured values)
3) UE evaluates the frequency (including current frequency) using both priorities and both S-values, as if these were 2 separate frequencies/cells

Proposal 3: RAN2 need to wait for further decisions from RAN1 before agreeing on any further changes. However, we should compile the open issues noted in this contribution, along with any others raised.
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