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Proposed solutions for equivalent PLMNs cell reselection on PBCCH

1. Needed correction for equivalent PLMNs

As far as cell reselection is concerned, 43.022 R99 and onwards states that the MS shall camp on a suitable cell, which “should be a cell of the selected PLMN or, if the selected PLMN is equal to the last registered PLMN, an equivalent PLMN.” It has also been specified, from 24.008 R99 onwards, that the MS should receive the list of Equivalent PLMNs from the MSC/VLR during MM procedures.

In the current GERAN specifications, the MS does not know the PLMN-id of each neighbour cell from information broadcast in the serving cell; therefore the MS needs to decode the PLMN-id of the neighbour cells in the target neighbour cell system information, before knowing whether a given neighbour cell belongs to an equivalent PLMN. Two scenarios have to be considered:
1.1. MS camps on BCCH

This scenario happens if there is no PBCCH allocated in the cell or if the MS is not attached for GPRS services. In this case, when the MS is camping on BCCH, it is required to “attempt to decode the BCCH data block that contains the parameters affecting cell reselection for each of the 6 strongest non‑serving cell BCCH carriers at least every 5 minutes.” (see ref.[3]). This means that the MS will obtain the PLMN-id of the 6 strongest neighbour cells. However, it should be noted that the current requirement of ref.[3] will not allow the MS obtaining the PLMN-ids of other neighbour cells.
1.2. MS camps on PBCCH

This scenario happens if there is a PBCCH in the cell and the MS is attached for GPRS services. In this case, the MS is not required to monitor the BCCH data of neighbour cells for cell re-selection purposes since the relevant parameters are all provided in the Packet System Information of the serving cell. Thus, when the neighbour cell list contains neighbour cells from the equivalent PLMNs and from other PLMNs, the MS should not waste time monitoring cells of those PLMNs just for obtaining the PLMN-ids and it should favour cell reselection towards cells belonging to equivalent PLMNs. Therefore, the MS should be provided with the neighbour PLMN-ids on the serving PBCCH.

The PBCCH should provide the MS with Packet System Information in order to apply 43.022 criteria favouring cell reselection towards equivalent PLMNs when neighbour PLMN cells are declared. It aligns the MS behaviour on a GPRS PBCCH cell with the UE behaviour in UTRAN.
2. Proposed solutions

2.1. Introduction

In the rest of this paper, only the problem of providing the neighbour PLMN-ids on PBCCH is addressed. On BCCH, similar solutions can be envisaged.

2.2. GSM to GSM cell reselection

In UMTS, the UTRAN broadcasts the list of neighbour cells with their PLMN-id in the System Information RR level messages (SIB 11 and SIB 18), so that an MS decides whether it monitors or not a neighbour cell, depending on its PLMN-id.

In GSM, the MS should also be provided with information about the neighbour PLMN associated with a neighbour cell.

2.2.1. Solution 1: complete PLMN-id list

A neighbour PLMN-ids list could be broadcast in the Packet System Information, with the same order as in the neighbouring cell list, so that the MS retrieves the PLMN-id of each cell.

In PSI xx, the following coding is proposed:

{ 0 | 1< PLMN-Id : bit (24) > }**

so that 6 PLMN-ids are coded in 150 bits.

The 0 choice indicates that the current cell belongs to the same PLMN as the preceding one.

One instance of the new Packet System Information (PSI type xx) may include up to 6 PLMN-ids (one PLMN-id fits into 3 octets). The PLMN-ids shall follow the order of the GSM neighbour cell list.

Since we may have 32 GSM neighbour cells, there may be up to 32 different PLMN-ids which would require 6 PSI xx instances.

This is quite straightforward, but it is not optimised in terms of coding, and may require too much additional Packet System Information.

2.2.2. Solution 2: PLMN-id list based on NCC

Another signalling of the PLMN-ids if broadcast in Packet System Information could rely on the NCC IE: the MS should be able to benefit from the NCC which is already broadcast in the Packet System Information type 3, to retrieve the PLMN-id of each neighbour cell. Then, the procedure consists in broadcasting a list of PLMN-ids which are indexed with their NCC.

The assumption is that in a given cell, an NCC shall represent a unique PLMN. Then, the BSS should broadcast a list of PLMN-ids which is ordered and implicitly indexed by the NCC. It requires that, in a given cell, there is no more than 8 declared neighbour PLMNs, and that the neighbour PLMNs are declared in an ordered list so that the PLMN index is equal to NCC. In that way, the neighbour PLMNs may be declared in a new Packet System Information, so that this signalling is backward compatible.

An MS which supports the feature shall then filter the PLMNs that it should monitor, based on the NCC information which is present in BSIC (indeed, it should have already received the list of Equivalent PLMNs from the MSC/VLR during MM procedures). Then the MS derives from the NCC the PLMN-id of each neighbour cell, and it can apply the 43.022 criteria in order to choose a suitable cell.

In PSI xx, the following coding is proposed:

{ 00| 01 | 1
 < PLMN-Id : bit (24) > }**.

The “00” choice indicates that the current cell belongs to the same PLMN as the preceding one.

The “01” choice indicates that no PLMN-id is specified for this NCC.

One instance of the new Packet System Information (PSI type xx) may include up to 6 PLMN-ids (one PLMN-id fits into 3 octets). The PLMN-ids shall be ordered and indexed by their NCC value.

For instance, the 8 NCC values may be associated to their PLMN-id within only one 154 bits long message, provided we have 6 explicit PLMN-ids and 2 “00” choices.

Several instances of the new Packet System Information may be broadcast if the PLMN-id list does not fit in one message; nevertheless, the information to describe 8 different PLMN-ids should fit within 200 bits, i.e. in 2 messages.

2.3. GSM to UMTS cell reselection

2.3.1. 3G frequency coordination

At the border between PLMNs, in the case there is frequency coordination, one UMTS frequency may be operated by only one network provider, the central frequencies  allow to discriminate the PLMNs. Then, the network shall be able to encode an ordered list of PLMN-ids, indexed in the order of the ARFCN such that it appears in the 3G neighbour cell list. Then, the following coding is also proposed:

{ 0 | 1 < PLMN-Id : bit (24) > }*number of FDD frequencies

{ 0 | 1 < PLMN-Id : bit (24) > }*number of TDD frequencies

The choice "0" allows to indicate that the PLMN-id is the same as the previous one.

Since, a given cell shall not declare more than 3 FDD frequencies and 3 TDD frequencies, there shall then be up to 6 PLMN-ids to declare (which fits in 150 bits). Then, one instance of PSI xy should be enough.

Such a configuration, in a given cell, should be the most likely one.

Required changes:

· In 44.060: on PBCCH, a new Packet System Information is broadcast to give the local ordered list of neighbour PLMN.

2.3.2. No 3G frequencies coordination

A similar mechanism should allow the MS to derive the PLMN-id of the 3G neighbour cells. A 3G cell is described with a Primary Scrambling code and a (FDD or TDD) central frequency. The 3G neighbour cell list is broadcast in PSI3 Quarter and is ordered. Then, the network should be able to broadcast a list of PLMN-ids, which is ordered so that the PLMN of each cell may be retrieved.

In a given cell, it is assumed that there should be no more than 8 neighbour PLMNs. Thus it is proposed to introduce a Reduced_PLMN-Id IE which locally represents a 3G PLMN-id. The procedure consists in broadcasting a list of ordered Reduced_PLMN-Id and reduces the number of needed bits, in the same order as the 3G neighbour cell list.

This should be described in a new Packet System Information (PSI xy), which needs to be decoded only by 3G capable MS. PSI xy shall contain the ordered list of 3G PLMNs, and the ordered list of Reduced_PLMN-Id . The index of a 3G PLMN corresponds to Reduced_PLMN-Id , and the ordered list of Reduced_PLMN-Id  is indexed with the 3G cells indexes so that 3G cell number N is associated to Reduced_PLMN-Id  number N which refers to PLMN number Reduced_PLMN-Id .

Since consecutive cells are likely to belong to the same PLMN, a single bit should indicate that consecutive PLMNs are the same. Then the following coding is proposed:

NumberOf3GPLMNs : bits (3)

{ < PLMN-Id : bit (24) > }* val (NumberOf3GPLMNs) so that 6 PLMN-ids are coded in 150 octets.

{ 0 | 1 < Reduced_PLMN-Id  : bit (3) > }* number of 3G neighbour cell.

The choice "0" allows to indicate that the PLMN-id is the same as the previous one.

Since we may have up to 96 3G neighbour cells, the PSI xy may contain:

6(24+96(4 = 528 bits = 66 octets.

Then 4 instances may be needed. Note that there can be up to only 32 3G neighbour cells per 3G technology (FDD, TDD or CDMA2000), i.e. one technology fits in 2 Packet System Information instances (34 octets).

Note that such a coding could also be used for GSM neighbour cells, even if it is less optimised that the one proposed above.

3. Conclusion

The proposed solutions permit to optimise the delivery of the equivalent PLMN list to an MS. Introducing the list of PLMNs per neighbour cell (as in UTRA) could lead to a very long PLMN-ids list in the Packet System Information. In GSM, since NCC IE is already present in Packet System Information, a more optimised coding could benefit from it.

In UMTS, either we create a Reduced_PLMN-Id IE, of 3bits, mapped onto the PLMN-id. BSIC is a cell identifier which is broadcast in Packet System Information. Then, an ordered list of Reduced_PLMN-Id  is linked to the 3G neighbour cell list. Either we assume that one central UMTS frequency is locally allocated to only one PLMN, and a broadcast ordered list of PLMN-ids is linked to the list of UMTS frequencies.

In order to minimise the additional signalling, the new IE are proposed to be included in the same Packet System Information. Since it is linked to the neighbour cell list, it should be introduced in a Packet System Information type 3, namely in Packet System Information Type3 Quinter.

The changes are proposed to be introduced in Rel-5 and they are planned to be backward compatible. They should be also introduced in R99 as optional features, since Equivalent PLMN have been specified from R99 onwards. Then, in R99 it is up to the network operator to implement it in order to speed up the equivalent PLMN selection; it is also up to the MS implementation to benefit from the information on PBCCH. The feature should be mandatory in Rel-4 and Rel-5 so that the MSs take advantage of the Packet System Information and avoid seeking information in the neighbour cells.

4. Abbreviations

ARFCN
Absolute Radio Frequency Channel Number

FDD
Frequency Division Duplex

GPRS
General Packet Radio Service

MS
Mobile Station

PLMN
Public Land Mobile Network

UE
User Equipment

UTRAN
UMTS Terrestrial Radio Access Network

Uu
Radio interface between UE and UTRAN
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