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1. Background
The following agreements were made about how to prevent legacy LTE UEs from camping on eLTE cells when some PLMNs are connected to only EPC, only 5GCN , both 5GC + EPC.
RAN2#98:
1. An LTE eNB can belong to multiple PLMNs and per PLMN the CN type can be: (1) EPC only, (2) both EPC and 5GC 

RAN2#99:
1. An LTE ng-eNB can belong to multiple PLMNs and for each PLMN, it can be connected to: (1) EPC only, (2) both EPC and 5GC or (3) 5GC only.

2. In case that a PLMN in an LTE eNB is connected to 5GC only, the UEs only capable of EPC-NAS should be prevented from camping and should reselect to a different cell.

3. For the case that all the PLMNs only have access to 5GC then UEs capable only of EPC-NAS can be barred using cellBarred flag in SIB1 which the 5GC-NAS capable UEs ignore. To provide the current cell barring flag functionality to 5GC-NAS capable UEs, a corresponding new flag is introduced for those UEs (e.g. “cellBarred-5GC”).

FFS for the case that only some PLMN only have access to 5GC

4. In LTE, the system information should be extended to include information about the available CN per PLMN.
5. From RAN2 perspective we assume that selection between EPC and 5G-CN in the UE is performed by upper layers (i.e. it is not an AS function).

RAN2#100:
1. RAN2 confirm that understanding that if cell (re)selection takes the UE to a cell that only support EPC then this information is provided to NAS which will cause NAS to select EPC

2. Introduce a new 5GC PLMN list containing PLMNs that can connect to 5GC (coding details to be worked offline to avoid any need for repeating a PLMN ID if already present in the legacy PLMN list).    

3. "cellReservedForOperatorUse” is introduced for PLMNs which can connect to 5GC only.

4. 5GC specific “cellReservedForOperatorUse” is introduced for PLMNs which can connect both EPC and 5GC.  

5. UE AS indicates available CN types to upper layers for CN type selection.

RAN2#101 Agreements:
1. New TAC field for 5GC will be introduced (separate from TAC for EPC, to enable different TAC value for EPC and 5GC)
2. TAC for 5GC can be PLMN specific
2. Discussion

In this document, we will discuss about how to encode SIB1 PLMN lists for cases of mixed PLMNs supporting EPC only, 5GC only and EPC + 5GC to optimize SIB1 Size.

SIB1 Optimization is essential to keep low overhead signalling size, to save system capacity and improve SIB1 coverage so that eLTE UEs can read mandatory SIBs even under poor cell edge channel conditions. Failure to read mandatory SIBs in connected mode results UE declaring RLF in RRC_CONNCTED Mode and failure to camp on a cell in RRC IDLE Mode.
Observation 1. It is essential to optimize SIB1 Size to save system capacity and to allow reliable UE decoding of SIB1 under cell edge poor channel conditions.

During RAN2#100 meeting, it was agreed to introduce New 5GC PLMN list containing PLMNs that can connect to 5GC.
In order to optimize SIB1 Size, we need to optimize distribution of PLMNs in both legacy and new 5GC PLMN list such that we should try to minimize repetition of PLMN ID, TAC ID, Cell ID in both PLMN lists.

  Following are various possible deployment scenarios supported by eLTE ng-eNB :

· All PLMNs connected to 5GC only

· Some PLMNs connected to 5GC only and some PLMNs connected to EPC only

· PLMNs connected to 5GC only, PLMNs connected to EPC Only, PLMNs connected to both EPC + 5GC
· PLMNs connected to EPC only, PLMNs connected to both 5GC + EPC 
· PLMNs connected to 5GC only, PLMNs connected to both 5GC + EPC

· All PLMNs connected to both 5GC + EPC

During RAN2#101, it was agreed to introduce new TAC field for 5GC and TAC for 5GC can be PLMN specific. 
Observation 2. A PLMN connected to EPC only will have 2 byte 4G TAC, PLMN Connected to 5GC only will have either 2 or 3 byte 5GC TAC and PLMN connected to both EPC + 5GC will support both 4G TAC + 5G TAC.

However, there is no specific RAN2 agreement about whether Cell ID is common for both 4G and 5GC or different Cell IDs for different core networks. Cell ID can also be configured per PLMN level.

Observation 3. Cell ID can be configured per each PLMN separately. It is possible to have common Cell ID for both 4G EPC and 5GC and/or different Cell ID for each of 4G EPC and 5GC EPC. 
Observation 4. To optimize SIB1 Size avoid repeating PLMNs connected to both EPC & 5GC in both PLMN lists.  Also avoid duplicating per PLMN configured TAC and Cell ID in both PLMN lists.

Legacy LTE UEs will only read legacy PLMN list and they can get service from EPC core network.

eLTE UEs are capable of reading both legacy PLMN list and new PLMN list. eLTE UEs are also capable of reading what type of CN connectivity is supported per PLMN. CN connectivity Type can be either explicitly configured or implicitly configured based on whether 4G TAC & 5G TAC are configured per PLMN basis . 

Observation 5. Legacy LTE UEs can only read legacy PLMN list(s) and eLTE UEs can read both legacy PLMN list(s) and New 5GC PLMN list(s).  

Proposal 1. When 4G TAC & 5G TAC are configured per PLMN basis separately, there is no need of explicit CN type indication per PLMN is required. Based on TAC Type, eLTE UE can implicitly determine CN Type per PLMN basis.

SIB1 PLMN list configuration optimization solution:
In order to optimize SIB1 size, we will discuss following solution along with ASN.1 structure.
Avoiding repetition of PLMNs connected to both EPC+5GC in both PLMN list results in optimized signalling of PLMNs in SIB1. This also simplifies PLMN Index Reporting mechanism by UE and no need to increasing number of PLMNs in system information. 

Proposal 2.  Similar to legacy LTE, allow a maximum of upto 6 PLMNs for new 5GC PLMN lists. 

Proposal 3. Avoid Repeating Full PLMN IDs connected to both EPC + 5GC in both PLMN lists.
· Keep 5GC connected PLMN(s), including 5GC-Only and EPC+5GC, in New PLMN list(s) 
· Keep EPC connected PLMN(s), in legacy PLMN list(s) 

· No 5GC TAC Extension is added in legacy PLMN list(s)
Example 1:

· PLMN A Connected to EPC only {trackingAreaCode_1, cellIdentity_1}

· PLMN B Connected to both EPC and 5GC {trackingAreaCode_2, cellIdentity_2, trackingAreaCode_5GC_1, cellIdentity_5GC_1}

· PLMN C Connected to 5GC only {trackingAreaCode_5GC_2, cellIdentity_5GC_2}

· PLMN D Connected to 5GC only {trackingAreaCode_5GC_1, cellIdentity_5GC_1}

· Note the commonality in 5GC TAC and cell ID with PLMN B

· PLMN E Connected to both EPC and 5GC {trackingAreaCode_3, cellIdentity_3, trackingAreaCode_5GC_3, cellIdentity_5GC_3}

Legacy PLMN Lists:

· Legacy_List1: PLMN Identity A with {trackingAreaCode_1, cellIdentity_1} 
· Legacy_List2: PLMN Identity B with {trackingAreaCode_2, cellIdentity_2} 
· Legacy_List3: PLMN Identity E with {trackingAreaCode_3, cellIdentity_3}
New 5GC PLMN Lists:

· 5GC_List1: PLMN Identity C with {trackingAreaCode_5GC_2, cellIdentity_5GC_2}
· 5GC_List2: (PLMN Identity D and PLMN Index of PLMN B) with {trackingAreaCode_5GC_1, cellIdentity_5GC_1}
· 5GC_List3: (PLMN Index of PLMN E) with {trackingAreaCode_5GC_3, cellIdentity_5GC_3}
Proposal 4. Keep 5GC only connected PLMNs in New 5GC PLMN list.

Proposal 5. Keep EPC connected PLMNs in legacy PLMN list.

Proposal 6. Keep PLMNs connected to both 5GC + EPC in legacy PLMN list.

New PLMN Index in New PLMN List(s) is used to point to a specific PLMN ID in legacy PLMN list. This avoids repeating 24-bit PLMN ID and associated 5GC TAC ID & Cell ID in both lists to save SIB1 size.
Proposal 7. Introduce a 3 bit PLMN Index in New PLMN list to point to a PLMN Connected to both EPC + 5GC in legacy PLMN list
 To avoid keeping legacy PLMN list empty when all PLMN(s) are connected to 5GC only: allow dummy PLMN ID, dummy 4G TAC, dummy 4G Cell ID to be configured in a legacy PLMN list when all PLMN(s) are connected to 5GC only. 
 MCC and MCC can only consist of digits 0 – 9 with each digit coded as a nibble.  Therefore, MNC and MCC values 0xFFF are invalid. Another approach could be to use escape PLMN which has MCC=901 and MNC=08 (see 23.003 section 4.1) . This pair of values are considered reserved. 
 RAN2 needs to define a dummy PLMN, dummy TAC  value to be used when all PLMNs are 5GC-only, for  backward compatibility (as the legacy list cannot be empty). 

 If new 5GC cell ID is defined, RAN2 needs to define a dummy LTE cell ID value to be used when all PLMNs are 5GC-only, for backward compatibility (as the legacy list cannot be empty).

Proposal 8. To avoid keeping legacy PLMN list empty when all PLMN(s) are connected to 5GC only: allow dummy PLMN ID, dummy 4G TAC, dummy 4G Cell ID to be configured in a legacy PLMN list when all PLMN(s) are connected to 5GC only. 
Proposal 9. RAN2 need to specify dummy PLMN ID, dummy 4G TAC, dummy Cell ID to prevent R15 eLTE UE from interpreting it as useful for PLMN selection
ASN.1 Structure is given below:
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Proposal 10. RAN2 agrees to adopt Optimized SIB1 PLMN list ASN.1 structure given in this contribution. 

PLMN-IndexList :
List of index corresponding to PLMN identities listed in plmn-IdentityList. Index 1 corresponds to the 1st PLMN from the 1st plmn-IdentityList included in SIB1, index 2 corresponds to the 2nd PLMN from the same plmn-IdentityList, or when no more PLMN are present within the same plmn-IdentityList, then the PLMN listed 1st in the subsequent plmn-IdentityList within the same SIB1 and so on.
How to report PLMN Index in Msg 5 during RRC Connection Setup Signaling: 
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· selectedPLMN-Identity is a mandatory field. 
· Use legacy selectedPLMN-Identity for Identifying PLMN ID from New 5GC PLMN List
· RAN2 already agreed to introduce CN Type Indication filed in Msg 5.

· New CN Type Indication introduced in Msg 5 can be used to specify New 5GC PLMN list is used by UE for 5GC PLMN Selection. 
Proposal 11. In Msg5, use existing selectedPLMN-Identity for identifying PLMN ID from New 5GC PLMN list 
Proposal 12. CN Type Indication IE = 5GC introduced in Msg 5 can be used to specify New 5GC PLMN list is used by UE for 5GC PLMN Selection and selectedPLMN-Identity is referring to a PLMN ID from new 5GC PLMN list.
3. Conclusion
In this contribution, we discussed various mechanisms and proposals to optimize SIB1 PLMN list configuration to reduce size of SIB1.
Observation 1.
It is essential to optimize SIB1 Size to save system capacity and to allow reliable UE decoding of SIB1 under cell edge poor channel conditions.
Observation 2.
A PLMN connected to EPC only will have 2 byte 4G TAC, PLMN Connected to 5GC only will have either 2 or 3 byte 5GC TAC and PLMN connected to both EPC + 5GC will support both 4G TAC + 5G TAC.
Observation 3.
Cell ID can be configured per each PLMN separately. It is possible to have common Cell ID for both 4G EPC and 5GC and/or different Cell ID for each of 4G EPC and 5GC EPC. 
Observation 4.
To optimize SIB1 Size avoid repeating PLMNs connected to both EPC & 5GC in both PLMN lists.  Also avoid duplicating per PLMN configured TAC and Cell ID in both PLMN lists.
 Observation 5.
Legacy LTE UEs can only read legacy PLMN list(s) and eLTE UEs can read both legacy PLMN list(s) and New 5GC PLMN list(s). 

Proposal 1.
When 4G TAC & 5G TAC are configured per PLMN basis separately, there is no need of explicit CN type indication per PLMN is required. Based on TAC Type, eLTE UE can implicitly determine CN Type per PLMN basis. 

Proposal 2.
Similar to legacy LTE, allow a maximum of upto 6 PLMNs for new 5GC PLMN lists. 

Proposal 3.
Avoid Repeating Full PLMN IDs connected to both EPC + 5GC in both PLMN lists.
Proposal 4.
Keep 5GC only connected PLMNs in New 5GC PLMN list.
Proposal 5.
Keep EPC connected PLMNs in legacy PLMN list.
Proposal 6.
Keep PLMNs connected to both 5GC + EPC in legacy PLMN list.
Proposal 7.
Introduce a 3 bit PLMN Index in New PLMN list to point to a PLMN Connected to both EPC + 5GC in legacy PLMN list
Proposal 8.
To avoid keeping legacy PLMN list empty when all PLMN(s) are connected to 5GC only: allow dummy PLMN ID, dummy 4G TAC, dummy 4G Cell ID to be configured in a legacy PLMN list when all PLMN(s) are connected to 5GC only.
Proposal 9.
RAN2 need to specify dummy PLMN ID, dummy 4G TAC, dummy Cell ID to prevent R15 eLTE UE from interpreting it as useful for PLMN selection
Proposal 10.
RAN2 agrees to adopt Optimized SIB1 PLMN list ASN.1 structure given in this contribution.

Proposal 11.
In Msg5, use existing selectedPLMN-Identity for identifying PLMN ID from New 5GC PLMN list

Proposal 12.
CN Type Indication IE = 5GC introduced in Msg 5 can be used to specify New 5GC PLMN list is used by UE for 5GC PLMN Selection and selectedPLMN-Identity is referring to a PLMN ID from new 5GC PLMN list.
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