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1 Introduction

This paper briefly discusses some aspects of the current specification with regard to the total time to camp on a UTRA cell of the selected PLMN. It then describes some ways in which the UE may speed up its search time and some potential implications of such techniques, particularly with regard to border regions.

2 Current specifications

25.101 defines a 200KHz channel raster with each raster position identified by a UTRA Absolute Radio Frequency Channel Number (UARFCN). A UTRA carrier may be centred on any one of these UARFCNs within the UTRA band.

When a UE is first switched on it must search for its last registered PLMN (RPLMN). In many cases the search for the RPLMN can be speeded up significantly by using stored information about the UARFCNs, scrambling codes, etc. 

However, if the stored information cell selection fails to find a cell belonging to the RPLMN then the UE must perform an exhaustive search on all UARFCNs within the UTRA band until such a cell is found. During this exhaustive search the UE will create a list of all the PLMNs that it finds. Once all UARFCNs have been searched without finding the RPLMN then the UE can select a PLMN from the list it has created. This situation typically occurs when the UE is first switched on in a new country. The problem with this exhaustive search is that it may cause a significant delay before the mobile successfully camps on the selected PLMN.

In future releases, new UTRA bands are likely to be defined and any multi-band terminal will be required to search the UARFCNs in all of these bands. This will introduce further delay to the time to camp on the selected PLMN.

3 Speeding up the time to camp on the selected PLMN.

A UE could use certain assumptions in order to speed up the exhaustive search for the RPLMN. This section discusses some such assumptions and some potential implications.

1
The UE could assume that the very outer UARFCNs of the UTRA band can be ignored as any carrier using these UARFCNs would spill out of the band. This assumption does not appear to have any adverse implications.

2
When a cell of the RPLMN has been successfully found on a UARFCN then it can select that cell if it is suitable according to the definition in 25.304. If the cell is not suitable the UE would continue to search for other suitable cells on that UARFCN (and system information from that cell may be used to assist in this search).

When one cell not belonging to the RPLMN has been successfully found on a UARFCN then the UE does not need to search for any other cells on that UARFCN. This assumes that any other cells on that UARFCN will belong to the same PLMN and so no further available PLMNs can be found by searching for further cells. However, this assumption may not be valid in a border region between different PLMNs that share the same frequency allocation and the mobile could miss finding its RPLMN or some other available PLMN. 

It should be noted that this behaviour is apparently in line with 25.304 section 5.1.2.2 which states: 

" On each carrier, the UE shall search for the "strongest" cell (according to the cell search procedures for FDD, see [TS 25.214], and TDD, see [TS 25.224]) and read its system information, in order to find out which PLMN the cell belongs to." 

Although the behaviour is not strictly in line with section 5.2.3.1.1 which states:

" On each carrier, the UE searches first for the strongest cell and reads its system information, in order to find out which PLMN the cell belongs to"
3
When one cell not belonging to the RPLMN has been successfully found on a UARFCN then the UE does not need to search on the UARFCNs for approximately 4MHz on either side. This assumes that there will be no cells of either the same PLMN or different PLMNs on these UARFCNs. However, it is possible that a neighbouring cell is using a carrier that is nominally the same but with a small offset in the centre frequency (e.g. one raster position equivalent to 200KHz). This would seem to be extremely unlikely if the cells belong to the same PLMN as it would not be possible to perform soft handover between the cells, but it could occur in border regions where the cells belong to different PLMNs. 

By making this assumption the UE could speed up the search time considerably but could potentially miss finding its RPLMN or some other available PLMN. 

4
It is likely that only the UARFCNs near the centre of the nominal 5MHz allocations will be used as centre frequencies. This information can be exploited in order to speed up search for the H/RPLMN but if these are not available then the UE is forced into an exhaustive search of all UARFCNs. If it is clear at this stage that certain UARFCNs will never be used then it would be beneficial for this to be stated in the specification. 

4 Conclusions

In cases where a UE's last registered PLMN is not available, the UE has to do an exhaustive search across all UARFCNs in the band and this introduces a long delay in the time to register on a PLMN. 

It is possible to speed up the exhaustive search by making some assumptions about UARFCNs, but in some cases, particularly border regions, these assumptions could mean that the UE misses some available PLMNs.

This paper attempts to provoke some discussion of what it is acceptable for a UE implementation to assume. Following discussion it is recommend that clarifying text is added to the specifications.
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