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1
Introduction
For network sharing in 5G system, SA2 has enabled broadcast of PLMN specific parameters as follows (TS 23.501):
The Broadcast System Information broadcasts a set of PLMN IDs and one or more additional set of parameters per PLMN e.g. cell-ID, Tracking Areas. All 5G System capable UEs that connect to NG-RAN support reception of multiple PLMN IDs and per PLMN specific parameters.
RAN2#101 agreed for NR cells:

Agreements

1:
Each PLMN can set its own TAC and Cell-ID values for a shared NR cell.  

2:
Maximum number of PLMNs in minimum SI to be broadcasted in a cell is 12.
and has outlined encoding of NR SIB1 in their email thread [101#39]. RAN2 seems to converge towards encoding similar to Rel-14 feature for enhanced EUTRAN sharing [1], the latter being applicable for ng-eNBs by default. Furthermore, the same NR SIB1 encoding is intended in all NR cells irrespectively of the provided NSA/SA access mode. So both SA capable UEs (i.e. “UEs that connect to NG-RAN” according to SA2 wording) and NSA capable UEs (i.e. NR capable UEs that connect to E-UTRAN) are concerned by RAN2’s decision.
In this paper we look at overall impacts and specific impacts of RAN2’s agreements on NG and Xn network interfaces, and we also include the X2 interface for the reason described above. We suggest these impacts to be considered by RAN3 in relation to any benefits of introducing per PLMN TACs and cell-IDs. 
2
Discussion
2.1  Benefits and overall impacts
The motivation for support of PLMN-specific cell-ID and TAC was described as follows when the feature was introduced in Rel-14 for EUTRA small cells operating in 3.5 GHz CBRS band (TS 36.331 CR#2912R2 (reason for change)): “The required coordination between MNOs desiring to share a EUTRAN with other MNOs would be greatly reduced if each MNO could set its own TAC and Cell-ID values for such shared EUTRAN cells.” 
In 5G, considering NR cell deployment in general, introducing per PLMN TACs is clearly beneficial because it allows each operator to:

· configure its own TACs without the need for inter-operator coordination (e.g. one operator is not impacted if another operator adds a new TAC in its network) and 

· dimension its own Tracking Areas according to the best signalling compromise between paging and registration for the expected services. 
Benefits of introducing per PLMN cell-IDs are less clear, and must be weighed against the impacts.
In more detail, the impact on network configuration and network optimisation from use of PLMN-specific parameters (cell-ID, TAC) can be understood as follows:

· In the core network, assuming MOCN architecture, PLMN-specific parameters will avoid need for core network awareness of RAN sharing, i.e. inter-CN routing can be based on the core network operator’s TAI, and intra-AMF pool routing can use own TAC values and hence avoid specific configuration in the core network to support RAN sharing (otherwise particular configuration would have been needed for each hosting PLMN connected to the CN). The Global NG-RAN-Node-ID is used for routing within the AMF, but this information is provided during NG Setup and use of another operator’s Global NG-RAN-Node-ID would in our understanding not require particular configuration in the core network.
· In the RAN, the participating operator will be involved in O&M in the sense that it will need to provide TAC and cell-ID for deployed cells. There will be such involvement also for any deployment changes (e.g. new nodes/cells).
· Depending on the final RAN2 solution, the participating operator may decide which cells to include in Tracking Areas within the shared network. 

· Physical cell configuration and optimisation (e.g. PCI, RACH configuration, handover thresholds) should remain in charge of the hosting operator.
It can be seen from the above description that PLMN-specific cell-ID may avoid network sharing awareness in the core network, but will result in additional configuration burden in the RAN without any corresponding configuration simplification in the core network. 
Observation 1: PLMN-specific cell-ID may avoid network sharing awareness in the core network, but will result in additional configuration burden in the RAN without any corresponding configuration simplification in the core network.

RAN interface impacts are analysed in further detail in the remaining part of the paper.
In case of pre-Rel-14 EUTRAN sharing, the shared eNB is uniquely identified by Global eNB ID allocated by the hosting operator. The PLMN ID that is used in this Global eNB ID is the primary PLMN, and is identified as follows in SIB1 (TS 36.331):

	plmn-IdentityList

List of PLMN identities. The first listed PLMN-Identity is the primary PLMN. NOTE 2.


One can assume that Rel-15 will contain a similar definition of primary PLMN for NR cells. Also, the leftmost bits of the broadcasted cell-ID contain the gNB ID or the en-gNB ID, and in case multiple cell-IDs per physical NR cell, the node serving such cells will as a consequence have multiple Global gNB-IDs (or Global en-gNB IDs). 

Observation 2: A node serving physical NR cells that broadcast multiple cell-IDs will have multiple Global gNB-IDs (or Global en-gNB IDs).

2.2  NG Interface

In principle, the Global gNB-ID uniquely identifies a logical gNB on the NG interface. A physical node serving shared NR cells (or even just a single shared cell) will therefore, if multiple cell-IDs are broadcast per physical cell, be represented by multiple Global gNB-IDs, and could therefore be seen from the core network as split into multiple logical gNBs. This is possible because the NG interface mostly supports UE-associated functionality which is handled per PLMN.
Observation 3: Because the NG interface mostly supports PLMN-specific functionality, in case of multiple cell-IDs per physical cell, the node serving the cell could be seen from the core network as split into multiple logical gNBs per primary PLMN.

As a consequence the NG SETUP REQUEST message sent to operator A’s AMF will contain the PLMN A (primary PLMN) and associated TACs, and may also contain the subset of other sharing operators (PLMN B, C…) listed under PLMN A. The same or similar NG SETUP REQUEST message may be sent to sharing operator B and C’s AMFs if these operators have their own CN but don’t desire allocation of own cell-ID values. Information relative to other primary PLMNs is not included in the message.
Observation 4: The NG SETUP REQUEST message would contain information relative to a single primary PLMN out of multiple broadcasted primary PLMNs, and may contain information about non-primary PLMNs under this primary PLMN.
It is our understanding that observation 4 would not lead to any change of the IE structure of the NG SETUP REQUEST message currently contained in latest NGAP draft specification. 
2.3  Xn Interface

The Xn interface will support UE-associated functionality like handover, dual connectivity and paging, as well as non-UE specific functionality like ANR, interference coordination, frequency sharing, load balancing, etc. The UE-associated functionality will be associated to source and target PLMNs, which can be the same or different but still dependent on that the involved PLMNs are served by the same AMF (hence specific to the same primary PLMN id if the model described in section 2.2 is followed). On the other side, the non-UE-associated functionality will be non-PLMN-specific. 
Observation 5: The Xn interface supports both PLMN-specific and non-PLMN-specific functionality.

A question is therefore whether the approach described in section 2.2, with interface setup per logical gNB (Global gNB-ID) can be suitable also for the Xn interface. The following options may be considered:

· Option 1: Xn interface setup per logical gNB, identified by Global gNB-ID. 
· Option 2: Xn interface setup per node serving the physical NR cells.
If option 1 is chosen a potentially high number of Xn interfaces will have to be instantiated. In principle, configuration or specific signalling could be used to identify a particular Xn interface used for non-PLMN-specific functionality. However ANR is (or should be) considered as part of the non-PLMN-specific functionality, both in order to ensure fast and consistent neighbour relation detection and also because detection of PCI confusion is linked to the ANR functionality. Currently ANR rides on e.g. Xn Setup procedure, so a specific Xn Setup procedure enabling only PLMN-specific functionality would be required (without ANR). In parallel, the ‘full’ Xn Setup procedure and gNB Configuration Update would have to be enhanced to support multiple TAC and cell-IDs per physical cell in order to support ANR and enable mapping of discovered PCIs to the PLMN-specific information.

If option 2 is chosen a single interface is needed between each node serving physical NR cells. This node could e.g. be identified by one of the Global gNB-IDs common to the served physical cells. As for option 1, the Xn Setup procedure and gNB Configuration Update would have to be enhanced to support multiple TAC and cell-IDs per physical cell in order to support ANR and enable mapping of discovered PCIs to the PLMN-specific information. 
Observation 6: No simple option can support multiple Cell-IDs per NR cell on the Xn interface.
2.4  X2 interface
The X2 interface is similar to the Xn interface, enabling both PLMN-specific and non-PLMN-specific functionality. For X2 interface between en-gNB and eNB, the PLMN-specific functionality relates to EN-DC, and non-PLMN-specific functionality relates to ANR and frequency sharing. (Frequency sharing is assumed supported also in network sharing scenarios, as per earlier SA decision for all 3GPP features).

Options and associated solutions are therefore the same as for the Xn interface, and the solution should therefore be aligned between the two.
Observation 7: Multiple Cell-IDs per NR cell will have same impact on X2 between eNB and en-gNB, as for Xn. 
We include for illustration in annex of this paper an X2AP CR following option 2 described for Xn above. With this option applied for X2, the X2 interface is setup between eNB and a node serving the physical NR cells which is identified by one of the Global en-gNB-IDs common to the served physical cells.
2.5 Possible way forward for RAN3

We believe RAN3 should first evaluate cost vs. benefit of per PLMN Cell-ID, based on the information in preceding sections. 
Proposal: RAN3 is kindly requested to confirm whether there is sufficient benefit from use of PLMN-specific cell-ID. RAN2 and SA2 should be informed if sufficient benefit can’t be identified.
We also submit to this meeting an X2AP CR for network sharing assuming single cell-ID per physical cell and TAC per PLMN. For network sharing, we believe that the en-gNB should include all its served physical cells for the purpose of ANR, including NR cells that only provide SA service, which may also depend on the PLMN.
3
Conclusion
Support of network sharing involving multiple cell-IDs per physical cell seems feasible on the NG interface due to mostly PLMN-specific functionality. However no simple solution can be seen for X2 and Xn interfaces, supporting both PLMN-specific and non-PLMN-specific functionality. The following proposal is made:
Proposal: RAN3 is kindly requested to confirm whether there is sufficient benefit from use of PLMN-specific cell-ID. RAN2 and SA2 should be informed if sufficient benefit can’t be identified.
An X2AP CR for network sharing is submitted to this meeting, assuming single cell-ID per physical cell and TAC + EN-DC support per PLMN [2].
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Annex – Example X2AP CR

This CR illustrates possible impact based on multiple cell-ID per physical NR cell, and one X2AP instance per node serving physical NR cells.
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9.1.2.31
EN-DC X2 SETUP REQUEST

This message is sent by an initiating node to a neighbouring node, both nodes able to interact for EN-DC, to transfer the initialization information for a TNL association.

Direction: eNB ( en-gNB, en-gNB ( eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	CHOICE Initiating NodeType
	M
	
	
	
	
	

	>eNB
	
	
	
	
	
	

	>>Global eNB ID
	M
	
	9.2.22
	
	YES
	reject

	>>List of Served E-UTRA Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	YES
	reject

	>>>Served E-UTRA Cell Information
	M
	
	Served Cell Information 9.2.8
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours


	YES
	ignore

	>en-gNB
	
	
	
	
	
	

	>>Global en-gNB ID
	M
	
	9.2.112
	Contains the first broadcast PLMN-ID in served cells.
	YES
	reject

	>>List of Served NR Cells
	
	1 .. <maxCellinengNB>
	
	Complete list of cells served by the engNB.
	YES
	reject

	>>>Served NR Cell Information
	M
	
	9.2.110
	
	–
	

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours.
	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is 16384.


9.1.2.32
EN-DC X2 SETUP RESPONSE

This message is sent by a neighbouring node to an initiating node, both nodes able to interact for EN-DC, to transfer the initialization information for a TNL association.

Direction: eNB ( en-gNB, en-gNB ( eNB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	reject

	CHOICE Responding NodeType
	M
	
	
	
	
	

	>eNB
	
	
	
	
	
	

	>>Global eNB ID
	M
	
	9.2.22
	
	YES
	reject

	>>List of Served E-UTRA Cells
	
	1 .. <maxCellineNB>
	
	Complete list of cells served by the eNB
	YES
	reject

	>>>Served E-UTRA Cell Information
	M
	
	Served Cell Information 9.2.8
	
	–
	–

	>>>NR Neighbour Information
	O
	
	9.2.98
	NR neighbours


	YES
	ignore

	>en-gNB
	
	
	
	
	
	

	>>Global en-gNB ID
	M
	
	9.2.112
	Contains the first broadcast PLMN-ID in served cells.
	YES
	reject

	>>List of Served NR Cells
	
	1 .. <maxCellinengNB>
	
	Complete list of cells served by the en-gNB
	YES
	reject

	>>>Served NR Cell Information
	M
	
	9.2.110
	
	–
	

	>>>NR Neighbour Information


	O
	
	9.2.98
	NR neighbours
	YES
	ignore


	Range bound
	Explanation

	maxCellineNB
	Maximum no. cells that can be served by an eNB. Value is 256.

	maxCellinengNB
	Maximum no. cells that can be served by an en-gNB. Value is 16384.


9.2.98
NR Neighbour Information

This IE contains cell configuration information of NR cells that a neighbour node may need for the X2 AP interface.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	NR Neighbour Information
	
	0 .. <maxnoofNRNeighbours>
	
	
	–
	

	>NR Neighbour Information
	
	
	
	
	
	

	 >>NRPCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID
	–
	

	
	
	
	
	
	
	

	>>NR-ARFCN
	M
	
	NR ARFCN

9.2.106
	This IE may be refined.
	
	

	
	
	
	
	
	
	

	>>Cell Access Information
	
	1..<maxnoofNR-BPLMNs>
	
	
	
	

	>>>NR-CGI
	M
	
	9.2.111
	
	–
	

	>>>TAC
	M
	
	OCTET STRING(2)
	Tracking Area Code 
	–
	

	>>>Broadcast PLMNs
	
	1..<maxnoofNR-BPLMNs>
	
	
	
	

	>>>>PLMN Identity
	M
	
	9.2.4
	
	
	


	Range bound
	Explanation

	maxnoofNRNeighbours
	Maximum no. of neighbour NR cells associated to a given served cell. Value is 1024.

	maxnoofNR-BPLMNs
	Maximum no. of broadcast PLMN Ids in an NR cell. Value is 12.


9.2.110
Served NR Cell Information
This IE contains cell configuration information of an NR cell that a neighbour eNB may need for the X2 AP interface.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID
	–
	–

	Cell Access Information
	
	1..<maxnoofNR-BPLMNs>
	
	Contains all broadcast PLMNs in the cell. Each PLMN ID is included only once.
	
	

	>Cell ID
	M
	
	NR CGI 9.2.111
	
	–
	–

	>Extended-TAC
	M
	
	OCTET STRING(3)
	Tracking Area Code
	–
	–

	>Broadcast PLMNs
	
	1..<maxnoofNR-BPLMNs>
	
	Broadcast PLMNs
	–
	–

	>>>PLMN Identity
	M
	
	9.2.4
	
	–
	–

	>>>Access mode
	O
	
	ENUMERATED (eNDC, standAlone, eNDC-and-standAlone, …)
	Included if the cell supports EN-DC operation, stand-alone operation or both for this PLMN. 
	
	

	CHOICE NR-Mode-Info
	M
	
	
	
	–
	–

	>FDD
	
	
	
	
	
	

	>>FDD Info
	
	1
	
	
	–
	–

	>>>UL ARFCN
	M
	
	NR ARFCN

9.2.106
	
	–
	–

	>>>DL ARFCN
	M
	
	NR ARFCN

9.2.106
	
	–
	–

	>>>UL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.114
	This IE may be refined.
	–
	–

	>>>DL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.114
	This IE may be refined.
	–
	–

	>TDD
	
	
	
	
	
	

	>>TDD Info
	
	1
	
	
	–
	–

	>>>ARFCN
	M
	
	NR ARFCN

9.2.106
	
	–
	–

	>>> Transmission Bandwidth
	M
	
	NR Transmission Bandwidth

9.2.114
	This IE may be refined.
	–
	–

	Measurement Timing Configuration
	M
	
	OCTET STRING
	Contains the MeasurementTimingConfiguration IE defined in TS 38.331 [31].
	–
	–

	SUL Information
	O
	
	9.2.123
	
	
	


	Range bound
	Explanation

	maxnoofNR-BPLMNs
	Maximum no. of broadcast PLMN Ids in an NR cell. Value is 12.


