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1 IntroductionIn the previous T1#26 meeting in Bangalore, a new work item regarding conformance testing of Network Sharing was approved.  The purpose of this paper is to present an overview of Network Sharing functionality in the UE and to outline the impact on the WG RAN5 specification set of an introduction of Network Sharing test cases.  The list of test cases presented should be considered a starting point for the introduction of network sharing which may be subject to modifications.
2 Network sharing functionality
Purpose
In december 2004 the Rel. 6 network sharing functionality was approved. The main purpose for this functionality is to enable

•
Pure RAN-sharing. Operators share one common radio access network but operate there own completely separate core networks.

•
Independent roaming in a shared network. At PLMN selection an inbound roaming user can select (manually or automatically) an operator that is sharing a network, just as if this operator had it’s own network.


UE impact

The main changes in the standard, from a terminal perspective, to accomplish this is that

•
The network may broadcast more than one PLMN identity in a cell

•
The terminal behaviour for PLMN selection and Cell selection/reselection is modified to take multiple PLMN identities into account

•
The PLMN identity chosen by the terminal among the multiple PLMN identities shall be signalled to the network.


Broadcast of multiple PLMN identities

In earlier releases only one PLMN identity, which we will refer to here as the “common PLMN” is broadcast in the Master Information Block (MIB). In release 6, in addition to the common PLMN, a list of one to five additional PLMN identies may be sent in an information element named “Multiple PLMN list” in the MIB.

The Multiple PLMN list information element also contains a flag that indicates whether a terminal supporting the network sharing functionality shall consider the common PLMN identity as part of the multiple PLMN list or not. If this flag is set a terminal supporting the network sharing functionality will treat the common PLMN on equal footing with the PLMN’s in the multiple PLMN list IE. If the flag is not set a terminal supporting the network sharing functionality will ignore the common PLMN completely.
To save bits, the MCC part of a PLMN identity need not be sent if it is the same as the MCC of the previous PLMN identity in the multiple PLMN list (or for the first PLMN identity in the list, the same MCC as the common PLMN identity).

PLMN selection based on multiple PLMN identities

At PLMN search, whether initial search or background search, the UE AS reports all PLMN’s in the multiple PLMN list to the UE NAS for PLMN selection, just as if they were separate networks.

Cell selection and cell reselection based on multiple PLMN identities

Cell selection and cell reselection is based on the definition of a suitable cell, which states that a cell is suitable only if it is part of the selected PLMN or an equivalent PLMN. In Rel. 6 the definition of a suitable cell is changed to take into account that a cell can broadcast multiple PLMN’s, and thus be part of more than one PLMN.

Note that, though the Rel. 6 network sharing functionality is for many purposes making the use of equivalent PLMN’s obsolete, the combined use of both multiple PLMN identities and of equivalent PLMN’s is not precluded, and may be needed e.g. in country border scenarios. 

Indication of chosen PLMN in the Initial Direct Transfer message.

Normal case

The PLMN chosen by the UE is indicated to the network in a new “PLMN identity” information element in the RRC Initial Direct Transfer message.

To be precise the UE sets the IE “PLMN identity” in the INITIAL DIRECT TRANSFER message to the PLMN chosen amongst the PLMNs broadcast in the cell where the RRC connection was established if the UE, on the existing RRC connection, has not received a dedicated RRC message containing the IE “CN Information Info”.


After reception of the IE “CN Information Info”

The IE “CN Information Info” containing PLMN/LAC/RAC information may be added to several RRC messages from the RNC to the UE. The typical use-case is as follows:
The UE has an ongoing CS call, and makes a handover from GSM to UMTS. Now, to be able to receive PS services, the UE needs to perform a RAU, but in connected mode it doesn’t read system information broadcast1 , and thus the “CN Information Info” must be used to give the UE the location registration information necessary to trigger a RAU.

Now, in release 6, a “primary PLMN” IE is added in the “CN Information Info”. When present, this primary PLMN overrides the normal PLMN in the CN Information Info” for release 6 terminals. Thus, a shared network may send down the “common PLMN” as the normal PLMN and the appropriate “multiple PLMN” as the primary PLMN.

The presence of the “primary PLMN” IE also informs the Rel. 6 UE that it is in a shared network and that it shall include a PLMN identity if it sends an Initial Direct Transfer message. If, on the other hand, a “CN Information Info” not containing the primary PLMN is received, then no PLMN identity shall be included in Initial Direct Transfer messages.


 This is completely true only in DCH state. In the other states in connected mode the UE does read system information broadcast, but it doesn’t report location registration information from the system information broadcast to the UE NAS. Thus, using the “CN-information info” is the only way to trigger a RAU/LAU also in these states.
Discussion

The proposed way to introduce basic testing of Network Sharing UE functionality is to add a number of new test cases in 34.123-1 (Sections 6 and 8).  This way, GCF packages with verified test cases are not affected.  Corresponding applicability statements are introduced in 34.123-2 (Table 1: Applicability of tests).   The test environments in 34.108 are foreseen to be unaffected, and modifications in System Information (Multiple PLMN list IE) can be introduced as exceptions within each new test case.   
  In order to enable testing of network sharing functionality in single and well as multi-mode UEs, similar tests are included under sections “In a pure 3G environment” and “Multi-mode environment”.
Section 6: Idle mode operations

6
Idle mode operations

6.1
In a pure 3G environment

6.1.1
PLMN selection

6.1.1.1
PLMN selection of RPLMN, HPLMN, UPLMN and OPLMN; Manual mode

6.1.1.2
PLMN selection of "Other PLMN / access technology combinations"; Manual mode

6.1.1.3
PLMN selection; independence of RF level and preferred PLMN; Manual mode

6.1.1.4
PLMN selection of RPLMN, HPLMN, UPLMN and OPLMN; Automatic mode

6.1.1.5
PLMN selection of "Other PLMN / access technology combinations"; Automatic mode

6.1.1.6
Void

6.1.1.7
Cell reselection of ePLMN in manual mode

6.1.1.8
PLMN selection in shared network environment, Manual mode

6.1.1.9
PLMN selection in shared network environment, Automatic mode

6.1.2
Cell selection and reselection

6.1.2.1
Cell reselection

6.1.2.2
Cell reselection using Qhyst, Qoffset and Treselection

6.1.2.3
HCS Cell reselection

6.1.2.4
HCS Cell reselection using reselection timing parameters for the H criterion

6.1.2.5
 HCS Cell reselection using reselection timing parameters for the R criterion

6.1.2.6
Emergency calls

6.1.2.7
Void

6.1.2.8
Cell reselection: Equivalent PLMN

6.1.2.9
Cell reselection using cell status and cell reservations

6.1.2.10
Cell reselection in shared network environment

6.1.2.11
Cell reselection in shared network environment: Equivalent PLMN

6.2
Multi-mode environment (2G/3G case)

6.2.1
PLMN and RAT selection

6.2.1.1
Selection of the correct PLMN and associated RAT

6.2.1.2
Selection of RAT for HPLMN; Manual mode

6.2.1.3
Selection of RAT for UPLMN; Manual mode

6.2.1.4
Selection of RAT for OPLMN; Manual mode

6.2.1.5
Selection of "Other PLMN / access technology combinations"; Manual mode

6.2.1.6
Selection of RAT for HPLMN; Automatic mode

6.2.1.7
Selection of RAT for UPLMN; Automatic mode

6.2.1.8
Selection of RAT for OPLMN; Automatic mode

6.2.1.9
Selection of "Other PLMN / access technology combinations"; Automatic mode

6.2.1.10
Selection of PLMN and RAT in shared network environment, Manual mode

6.2.1.11
Selection of PLMN and RAT in shared network environment, Automatic mode

6.2.2
Cell selection and reselection

6.2.2.1
Cell reselection if cell becomes barred or S<0; UTRAN to GSM

6.2.2.2
Cell reselection if cell becomes barred or C1<0; GSM to UTRAN

6.2.2.3
Cell reselection timings; GSM to UTRAN

6.2.2.4 
Cell reselection in shared network multi-mode environment

6.1.1.8  PLMN selection in shared network environment, Manual mode

Purpose: Test to verify that the UE can present all available PLMNs in a pure 3G shared network environment (even PLMNs on the forbidden list).   The PLMNs shall be presented in the appropriate priority order.  The user shall be able to select any PLMN, and it is verified that the following registration attempt is performed on the correct PLMN.   It is also verified that a successful manual registration on a forbidden PLMN removes the PLMN from the forbidden list.

Comment: Test procedures from 6.1.1.1-6.1.1.3 are combined to test relevant aspects of network sharing.  

6.1.1.9  PLMN selection in shared network environment, Automatic mode

Purpose: Test to verify that the UE automatically selects the available PLMNs in a pure 3G shared network environment (using the multiple PLMN list IE) according to the fields on the USIM.  Correct handling of the forbidden PLMN list is also verified.  
Comment: Test procedures from 6.1.1.4-6.1.1.5 are combined to test relevant aspects of network sharing.  

6.1.2.10  Cell reselection in shared network environment 
Purpose: Test to verify that the UE can perform cell reselection using the information broadcasted in Multiple PLMN list IE correctly.
Comment: System information in 6.1.2.1 is modified to broadcast Multiple PLMN list IE.

6.1.2.11  Cell reselection in shared network environment: Equivalent PLMN
Purpose:  Test to verify that the UE can perform cell reselection using the information broadcasted in Multiple PLMN list IE together with a list of equivalent PLMNs.

Comment: Test case 6.1.2.8 is modified with broadcast of Multiple PLMN list IE and dedicated signalling of equivalent PLMN.

6.2.1.10  Selection of the PLMN and RAT in shared network environment, Manual mode 
Purpose: Test to verify that the UE can present all available PLMNs in a shared network multi-mode environment (even PLMNs on the forbidden list).   The PLMNs shall be presented in the appropriate priority order.  The user shall be able to select any PLMN, and it is verified that the following registration attempt is performed on the correct PLMN.   It is also verified that a successful manual registration on a forbidden PLMN removes the PLMN from the forbidden list.

6.2.1.11 Selection of PLMN and RAT in shared network environment, Automatic mode 
Purpose: Test to verify that the UE automatically selects the available PLMNs and RATs in a shared network multi-mode environment (using the multiple PLMN list IE) according to the fields on the USIM.  Correct handling of the forbidden PLMN list is also verified.  

6.2.2.4 Cell reselection in shared network multi-mode environment 
Purpose: Test to verify that the UE can perform cell reselection using the Multiple PLMN list in a multi-mode environment correctly.
Section 8:  Radio Resource Control RRC
8
Radio Resource Control RRC

8.1
RRC Connection Management Procedure

8.1.1
Paging

8.1.1.1
Paging for Connection in idle mode

8.1.1.2
Paging for Connection in connected mode (CELL_PCH)

8.1.1.3
Paging for Connection in connected mode (URA_PCH)

8.1.1.4
Paging for notification of BCCH modification in idle mode

8.1.1.5
Paging for notification of BCCH modification in connected mode (CELL_PCH)

8.1.1.6
Paging for notification of BCCH modification in connected mode (URA_PCH)

8.1.1.7
Paging for Connection in connected mode (CELL_DCH)

8.1.1.8
Paging for Connection in connected mode (CELL_FACH)

8.1.1.9
Paging for Connection in idle mode (multiple paging records)

8.1.1.10
Paging for Connection in connected mode (URA_PCH, multiple paging records

8.1.1.11
Paging for Connection in idle mode (Shared Network environment)

8.1.6
Direct Transfer

8.1.6.1
Direct Transfer in CELL DCH state (invalid message reception and no signalling connection exists)

8.1.6.2
Direct Transfer in CELL FACH state (invalid message reception and no signalling connection exists)

8.1.6.3
Measurement Report on INITIAL DIRECT TRANSFER message and UPLINK DIRECT TRANSFER message

8.1.6.4
 UPLINK Direct Transfer (RLC re-establishment)

8.1.6.5
Initial Direct Transfer (RA update) triggered by CN information Info IE 

8.1.1.11
Paging for Connection in idle mode (Shared Network environment)

Purpose:  To confirm that the UE respects the IE “Multiple PLMN list” when broadcasted in system information.   It is verified that the UE sets the IE “PLMN Identity” in INITIAL DIRECT TRANSFER to the PLMN selected by NAS.  The test is performed towards both CS and PS domains.

Comment: System information in  test case 8.1.1.1(Paging for Connection in idle mode) is modified to transmit Multiple PLMN list IE.

8.1.6.5   Initial Direct Transfer (RA update) triggered by CN information Info
Purpose:  In connected mode Cell_DCH, the UE is notified of the presence of a shared network using the CN Information Info IE containing  Primary PLMN Identity IE.  This message shall trigger a Initial Direct Transfer (RA update)  procedure.  It is verified that UTRAN is informed about the network sharing capability of the UE by inspecting the contents of the Initial Direct Transfer message.
3 References
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