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1. Introduction

New shared spectrum, such as 3.5GHz CBRS band in the U.S., is becoming available for EUTRA use. This opens up new opportunities for shared EUTRAN small cell deployments. To simplify coordination between MNOs sharing E-UTRAN, RAN plenary has approved Rel-14 updates to 36.300 and 36.331 to allow each MNO set its own TAC and Cell-ID values for such shared E-UTRAN cells. This paper discusses whether the updates to RAN specifications impact specifications under CT1 remit, and if updates to align are needed.
2. Discussion
2.1 Background
In legacy E-UTRAN, cells can be shared between up to six MNOs. The PLMN IDs are broadcast in Broadcast system information (SIB1) as part of an entry consisting of a PLMN ID list, a single TAC and a single Cell ID. The PLMN ID list can contain one to six entries. As the Tracking area code and Cell ID part of the broadcast information structure are single entries, this implies that all sharing MNOs/PLMNs must use the same TACs and Cell IDs for the shared E-UTAN cells. This is inflexible and can be problematic in network planning.
When new spectrum becomes available for E-UTRA use, a solution has been identified to enhance the flexibility of PLMN ID, TAC and Cell ID so that each sharing MNO can configure dedicated PLMN ID, TAC and Cell ID. The solution as agreed in RAN2 (36.300 CR1034, 36.331 CR2912) adds an additional list of up to six entries where each entry consists of a list of (one or more) PLMN IDs, a TAC and a Cell ID. The legacy broadcast system information remains as is for a single PLMN ID, or if several PLMN IDs can use the same TAC and Cell IDs. The maximum number of sharing PLMN IDs remains at six for the old and new PLMN ID/TAC/Cell ID entries.
Furthermore, the use of the new PLMN ID list entry is limited for use where only Rel-14 UEs can operate, i.e. frequencies that are added in Rel-14. A Rel-14 compatible UE is mandated to support the new PLMN ID list entry. By these two requirements, no further handling for backwards compatibility is needed.

2.2 CT1 related requirements

2.2.1 General

In CT1 specifications there are a few candidates that might be impacted by a changed relation between PLMN ID and TAC/Cell ID. The following TSs are identified as possibly impacted and should be further considered to assess whether changes are needed or not:
· 3GPP TS 23.122

· 3GPP TS 24.301

· 3GPP TS 27.007

2.2.2 3GPP TS 23.122
In 3GPP TS 23.122 the relation between PLMN and TA or cell is captured in several (many) places. There is however no general definition of a “one and only” Cell ID or TAC being linked to multiple PLMN IDs for the shared network case. It is assumed that there is a relation between PLMN, cell and TA, but nothing seems to contradict the new Rel-15 enhancement for shared networks that a single cell can broadcast individual Cell IDs and TACs for the sharing PLMN IDs. Additionally, 3GPP TS 23.122 generally speaks of “cell”, without being specific on individual Cell IDs.
The following pieces of text from 3GPP TS 23.122 v14.3.0 can be considered:
Subclause 1.2

Registration Area: A registration area is an area in which mobile stations may roam without a need to perform location registration. The registration area corresponds to location area (LA) for performing location updating procedure, to routing area for performing the GPRS attach or routing area update procedures, and to list of tracking areas (TAs) for performing the EPS attach or tracking area update procedure.

The PLMN to which a cell belongs (PLMN identity) is given in the system information transmitted on the BCCH (MCC + MNC part of LAI) or on the EC-BCCH (see 3GPP TS 44.018 [34]). In a shared network a cell belongs to all PLMNs given in the system information transmitted on the BCCH or on the EC-BCCH.
Shared Network: An MS considers a cell to be part of a shared network, when multiple PLMN identities are received on the BCCH or on the EC-BCCH.

Subclause 4.4.3

When the MS reselects to a cell in a shared network,and the cell is a suitable cell for multiple PLMN identities received on the BCCH or on the EC-BCCH the AS indicates these multiple PLMN identities to the NAS according to 3GPP TS 44.018 [34], 3GPP TS 44.060 [39], 3GPP TS 25.304 [32] and 3GPP TS 36.304 [43]. The MS shall choose one of these PLMNs. If the registered PLMN is available among these PLMNs, the MS shall not choose a different PLMN. 

The above definitions/requirements are seen to be still correct and valid, also for the newly added support of multiple Cell IDs/TACs.

It should however be discussed whether a general definition or some text for clarification may anyway be useful to capture the new Rel-15 network sharing with multiple Cell IDs/TACs.

2.2.3 3GPP TS 24.301

In 3GPP 24.301, similar to 3GPP TS 23.122, a relation between PLMN, cell and/or TA is captured in many places. Also in 3GPP TS 24.301 the relation is generally not specific on PLMN ID, Cell ID and TAC but rather less specific PLMN, cell and TA wording is used which does not contradict the multiple Cell IDs and TACs enhancement.
The shared network case is mentioned in a few places in a way that could be impacted:

Subclause 5.5.1.1 (similar text in 5.5.3.1)
In a shared network, the UE shall choose one of the PLMN identities as specified in 3GPP TS 23.122 [6]. The UE shall construct the TAI of the cell from this chosen PLMN identity and the TAC received as part of the broadcast system information.

The above requirement is seen to be still correct and valid, also for the newly added support of multiple Cell IDs/TACs.

Subclause 5.4.2.3 (similar text in 5.5.3.2.3)
if the target cell is a shared network cell…
It can however be questioned, as for the above text, whether the multiple Cell IDs/TACs in the shared network case could impact how shared network is determined. The definition of shared network in 3GPP TS 24.301 however reuses the definition from 3GPP TS 23.122, which should be sufficiently clear and applicable also at support of multiple Cell IDs/TACs as mentioned above.
2.2.4 3GPP TS 27.007

In 3GPP TS 27.007 there are also relations between PLMN, cell and TA. The AT-commands that initially were identified as possibly impacted are network registration (+CEREG) and PLMN selection (+COPS).

The +CEREG command and its responses is used to provide information of the cell the terminal is (potentially) registered on, and uses TAC and Cell ID accordingly. This does not change with the support of multiple combination of Cell IDs and TACs, as a specific PLMN has only one Cell ID and TAC for a specific cell both with and without the enhanced functionality. The fact that each PLMN may use different combinations of Cell IDs and TACs for the same cell should not make any difference to the +CEREG command and its responses, and no changes are expected.
The +COPS command and its responses is used to register to a network or to provide information what networks that are available. In either case, it does not expose Cell IDs or TACs, hence network sharing and the PLMNs of a shared network cell are presented as individual PLMNs with corresponding TA information. Even if different TACs are used for different PLMN of a specific cell this should not impact the +COPS command and its responses, and no changes are expected.
2.2.5 Other specifications
No other specifications have been identified as candidates for updates related to the support of multiple Cell IDs/TACs for cells in shared network deployments. It should however be discussed whether such changes can be identified or if there are specifications that require further analysis.
3. Conclusion
As discussed above, no obvious need to update specifications under CT1 remit has been identified to support multiple Cell IDs/TACs for cells in shared network deployments. It is however proposed to discuss the issue further in CT1 to assess whether other cases or reasons to update text can be identified. If no needed updates can be identified, CT1 should conclude that the support of multiple Cell IDs/TACs for cells in shared network deployments as introduced by RAN for Rel-15 can be supported without changes in CT1.
