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1 Introduction

The way in which the 'out of service area' condition is defined in 25.331 section 8.5.5.1 is unclear and could lead to different interpretations of the exact instant when this condition is entered. This paper describes the different interpretations and the potential implications.

2 Current definition in 25.331

The current definition of 'out of service area' in 25.331 is given below:

When a suitable cell is not found based on the description in [25.304], the UE considers it as having detected "out of service area". 

Consider that the UE is camped on a suitable cell with S>0, and the radio conditions deteriorate so that the S<0. From the current definition, the instant when a UE enters the 'out of service area' condition could be interpreted in two ways:

1 -
The 'out of service area' condition is entered as soon as the serving cell becomes S<0. Note that 25.133 specifies that UE measurements of the S criteria of the serving cell are filtered over a number of DRX cycles. For the longest DRX cycle (5.12s) the filtering is only over 1 measurement sample (effectively there is no filtering).

2 -
According to 25.133, for a UE in CELL_PCH or URA_PCH state (and idle mode) when the serving cell becomes S<0 it continues its normal reselection process for a period of 12s (with the exception that the UE should ignore the measurement rules defined in 25.304 and measure on all cells). If, after this 12s period, the current serving cell has not recovered to S>0 and the UE has not reselected to another cell then the UE must perform a cell selection. If, after this process, a suitable cell is not found then the 'out of service area' condition is entered.

For a UE in CELL_FACH state, 25.133 does not specify any behaviour when the serving cell becomes S<0. Therefore it is undefined whether the UE should perform cell selection immediately, or continue normal cell reselection for some period before performing a cell selection. 

3 Implications of different interpretations

· With interpretation 1, the 'out of service area' condition is declared earlier than with interpretation 2 and therefore timers T316/T317 are started earlier. The length of time earlier is not well defined as there are no requirements on the speed of the cell selection process in the UE, but for CELL_PCH and URA_PCH it would be at least 12s.

In CELL_PCH or URA_PCH with T316 set to zero or in CELL_FACH, interpretation 1 would mean that any momentary time for which S<0 would result in Cell Update with cause 're-entering service area'. The could occur quite often for a DRX cycle of 5.12s when there is no filtering of the S criteria over multiple DRX cycles. In poor coverage conditions this could result in very frequent Cell Update procedures which may not be desirable. 

· Interpretation 1 implies that the UE declares that it is 'out of service area' as soon as S<0 even though there may be other suitable cells available that the UE could reselect almost immediately. This scenario could be quite common when a UE moves around the corner of a building and it seems strange that this transient case should be considered 'out of service area'. Conversely, with interpretation 2 this transient case would not be considered 'out of service area'.
 
In CELL_PCH or URA_PCH with T316 set to zero or in CELL_FACH, this scenario and interpretation 1 would always result in a Cell Update procedure with cause 'Re-entering service area'. With interpretation 2 it would result in a Cell/URA Update procedure with cause 'Cell/URA reselection' (for URA_PCH only in the case that the new cell in a different URA).

· Interpretation 2 means that for some period of time a UE may be on a cell with S<0 and consider itself to be 'in-service area'. This means that the UE could send a RACH on a cell with S<0 which may not be desirable behaviour.

· Typically, paging of the UE would not be successful when S<0. A UTRAN could decide to repeat paging messages to a UE at for a period equal to the time T316 on the assumption that if the UE fails to respond to any page, it is likely be 'out of service' and therefore will perform a Cell Update when it returns to 'in service area'. With  interpretation 2, a UTRAN would have to consider that the cell could be S<0 and the UE not successfully receiving pages for a period of time longer than T316 before the UE is required to perform a Cell Update on returning to 'in service area'. This extra length of time is not well specified as there is no requirement on how quickly the UE can perform the cell selection. 

Of course there are scenarios when a UE could be on a serving cell with S>0 and still not successfully receive its paging messages, and a UTRAN would have to be able to deal with such cases.

Conclusions

The paper has discussed different interpretations of the definition of 'out of service area', and potential implications.

In the transient case that the UE's current cell becomes S<0 but the UE immediately finds and another cell to reselect onto, if does not seem correct to declare 'out of service area'. Also,  in marginal coverage conditions it seems undesirable that very frequent cell update procedures would be triggered. These arguments suggest that interpretation 2 is maybe the better choice.

However, the lack of requirement on the cell selection time means that with interpretation 2 the exact point in time when T316/T317 is started is not well defined. If a UTRAN uses this time to determine how long to repeat paging then this could lead to problems. A better defined alternative could be to declare that 'out of service' after the end of the 12s period that is specified in 25.133.
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