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Introduction

During the RAN3 101Bis meeting, there have been some discussion on the PLMN specific cell info issue for RRC Resume/Reestablishment in RAN sharing scenario. But no consensus were reached. In this contribution, we further provide our understanding on this issue.

Discussion
Currently the X2/Xn interface is PLMN specific. In RAN sharing scenario, one PCI could be configured with multiple Cell IDs associated with different PLMNs. When a UE tries to Resume/Reestablish RRC connection towards a new base station, the target Cell that UE selected for RRC Resume/Reestablishment could be configured as a shared Cell. If the home PLMN of the target Cell is different from the source Cell, this is referred to as an inter-PLMN RRC Resume/Reestablishment. 
In this contribution, we listed some related issues and further provide our understanding accordingly.

Issue 1: Clarification of target Cell ID in Resume/Reestablishment MAC-I calculation.

According to the RAN2 progress for NR[1], it is highlighted that the TAC and CGI is signalled per PLMN in NR/5GC in SIB1, which enables the operators to assign a new Cell ID for the same cell. Considering that multiple PLMNs can be broadcasted in the target cell in SIB1 and the Cell IDs of each PLMNs are different, it is not clear the cell ID of which PLMN will be taken as targetCellIdentity in the resumeMAC-I calculation.

This issue has been addressed during the last RAN2 meeting. For NR, RAN2 agreed that the CellIdentity is associated with the first PLMN-Identity included in the PLMN-IdentityInfoList broadcasted in SIB1. And the corresponding CR for NR[2] were agreed, which is captured as follows:
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targetCellidentity.
Set to Cellidentity of the target cell Le. the cell the UE is trying to resume. The Cellidentity is associated with the first PLMN-Identity included in the PLMN-IdentityinfoList

broadcasted in SIB1
source-c-RNTI

Set'to that the UE had in the it was connected to prior to suspension of the RRC connection.

SourcePhysCellid
Set to the physical cell identity of the PCell the UE was connected to prior to suspension of the RRC connection.
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targetCellldentit
Sef to Cellidentity of the target cell Le. the cell the UE is trying to reestablish the connection. The Cellidentity is associated with the first PLMNIdentity included in the PLMN-

IdentityInfoList broadcasted in SIB1
source-c-RNTI

Set'to that the UE had in the it was connected to prior to the reestablishment.

SourcePhysCellid
Set to the physical cell identity of the PCell the UE was connected to prior to the RRC connection.





Let’s consider the following example, assume a Cell-A is shared by three operators, and the broadcasting PLMN info in Cell-A is as follows:

PLMN-1(Cell-1),

PLMN-2(Cell-2),

PLMN-3(Cell-3).

We also assume that two UEs (UE-1 and UE-2) are in the RRC Resume procedure, and UE-1 selects Cell-1(PLMN-1) as the target Cell and UE-2 selects Cell-2(PLMN-2) as the target Cell. Based on the RAN2 progress, considering that PLMN-1(Cell-1) is the first PLMN-Identity included in the PLMN-IdentityInfoList broadcasted in SIB1 of Cell-A. Then both UE-1 and UE-2 will use PLMN-1(Cell-1)  for the resumeMAC-I calculation.

Observation1: For calculating the shortMAC-I and resumeMAC-I in the RRC Resume/Reestablishment procedure of NR, RAN2 has agreed that the corresponding CellIdentity is associated with the first PLMN-Identity included in the PLMN-IdentityInfoList broadcasted in SIB1.

 For LTE, during last RAN2 meeting, the corresponding CR for clarifying the ShortResumeMAC-I is also agreed in principle in [3], which is captured as follows:
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cellidentity
Set to Cellidentity included in celiidentity (without suffix) in SIB1 ofthe current cell.

&-RNTI
Set to C-RNTI that the UE had in the PCell it was connected to prior to suspension of the RRC connection.

hysCellid
Set to the physical cell identity of the PCell the UE was connected to prior to suspension of the RRC connection.

resumeDiscriminator
A constant that allows differentiation in the calculation of the MAC-I for shortResumeMAC-|
The resumeDiscriminator is set to 1"





Observation2: For RRC Resume procedure in LTE, the  legacy cellIdentity, i.e. the cellIdentity (Without suffix) in SIB1, will be taken as CellIdentity in the short-MAC-I calculation.
Currently in the RETRIEVE UE CONTEXT REQUEST message for XnAP, the description for Integrity protection IE and New Cell Identifier IE are not clear. Based on the RAN2 agreement, we propose to update the description as follows:

9.1.1.8
RETRIEVE UE CONTEXT REQUEST

This message is sent by the new NG-RAN node to request the old NG-RAN node to transfer the UE Context to the new NG-RAN.

Direction: new NG-RAN node ( old NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	New NG-RAN node UE XnAP ID reference
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the new NG-RAN node
	YES
	reject

	UE Context ID
	M
	
	9.2.3.40
	
	YES
	reject

	Integrity protection
	M
	
	BIT STRING (SIZE (16)) 
	ShortMAC-I either contained in the RRCConnection ResumeRequest message  or the RRCConnectionReestablishmentRequest message as defined in TS 38.331 [10])

or in the RRCConnection ResumeRequest message or the RRCConnectionReestablishmentRequest message as defined in TS 36.331 [14])
	YES
	reject

	New Cell Identifier
	M
	
	NG-RAN Cell Identity

9.2.2.9
	The Cell Identifier of the cell used as input of resumeMAC-I/shortMAC-I calculation, for NR cell, it is associated with the first PLMN-Identity included in the PLMN-IdentityInfoList broadcasted in SIB1; for E-UTRA cell, it is the CellIdentity included in cellIdentity (without suffix) in SIB1, where the RRC connection has been requested to be resumed or to be re-established.
	YES
	reject

	RRC Resume Cause
	O
	
	9.2.3.61
	In case of RNA Update, contains the cause value provided by the UE in the RRC ResumeRequest message, as defined in TS 38.331 [10],

or in the RRCConnection ResumeRequest message, as defined in TS 36.331 [14].
	YES
	ignore


Currently in the RETRIEVE UE CONTEXT REQUEST message for X2AP, the description for New E-UTRAN Cell Identifier IE are not clear. Based on the RAN2 agreement, we propose to update the description as follows:

9.1.2.28
RETRIEVE UE CONTEXT REQUEST

This message is sent by the new eNB to request the old eNB to transfer the UE Context to the new eNB.

Direction: new eNB ( old eNB.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.13
	
	YES
	ignore

	New eNB UE X2AP ID
	M
	
	eNB UE X2AP ID

9.2.24
	Allocated at the new eNB
	YES
	reject

	New eNB UE X2AP ID Extension
	O
	
	Extended eNB UE X2AP ID

9.2.86
	Allocated at the new eNB
	YES
	reject

	Resume ID
	M
	
	9.2.91
	
	YES
	reject

	ShortMAC-I
	M
	
	BIT STRING (SIZE (16))
	ShortResumeMAC-I contained in the RRCConnection ResumeRequest message(TS 36.331 [9])
	YES
	reject

	New E-UTRAN Cell Identifier
	M
	
	BIT STRING (SIZE (28))
	The CellIdentity included in cellIdentity (without suffix) in SIB1 where the RRC connection has been requested to be resumed.
	YES
	reject

	C-RNTI
	O
	
	BIT STRING (SIZE (16))
	C-RNTI contained in the RRC Re-establishment Request message (TS 36.331 [9]). If this IE is present, the Resume ID IE is ignored
	YES
	reject

	Failure cell PCI
	O
	
	INTEGER (0..503, …)
	Physical Cell Identifier
	YES
	reject


Based on the RAN2 agreement, we have the following proposal for both NR and LTE.
Proposal1: RAN3 to update the Semantics description of Integrity protection IE and New Cell Identifier IE in Retrieve UE Context message in XnAP. 
Proposal2: RAN3 to update the Semantics description of New E-UTRAN Cell Identifier IE in Retrieve UE Context message in X2AP. 
Issue 2: PLMN specific interface VS. Common interface.

For inter-PLMN RRC Resume/Reestablishment, the target base station is unable to identify the PLMN info and the corresponding target Cell ID. As we have addressed in [4] during last meeting, for PLMN specific X2/Xn interface, there should be independent interfaces for each operators if the cell is shared by multiple PLMNs, which indicates there might be also multiple logical Xn/X2 interfaces. For the Retrieve UE context signaling, this procedure should be initiated on all the X2/Xn interfaces. In this case such signaling need to be done simultaneously on all the interfaces in order to to avoid timeout. It seems that this solution makes operation and maintenance complicated. Considering an extreme scenario, if the Cell is shared by plenty of operators, signaling storm could happen which may have serious impact for the network. 

But from our perspective, the PLMN specific interface is still workable if some implementation based enhancement is introduced. For example, if all the base stations are configured to share the PLMN information for the same PCI by implementation, i.e., the base station are able to read all the Cell IDs and associating PLMN IDs for a same PCI in a list as shown in Fig.1, then the target node could identify the correct Xn/X2 interface thus only needs to initiate only one Retrieve UE context procedure. In this case, RAN3 could consider the possibility of PLMN specific interface solution by introducing implementation based enhancement, however, it will bring burden on OAM system. And this solution may need some stage2 clarification text to state that each logical base station should be allowed to read all the Cell IDs and associating PLMN IDs for a same PCI in a list.
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Fig.1 Multiple Operators sharing the PLMN info for the same PCI

Observation3: RAN3 could consider the possibility of PLMN specific interface solution by introducing implementation based enhancement. Some stage2 clarification text is needed.

Considering the common PLMN interface as we proposed during last meeting [4], the TAC and CGI is signaled for each served PLMN in the Served NR Cell Information. Since the presence of TAC and CGI for each served PLMN is optional, this solution provides more flexibility. And both the RAN sharing and non-RAN sharing scenarios could be handled by one X2/Xn interface.  From specification perspective, this solution seems to be the most straightforward way and could reduce the signaling complexity. So RAN3 could also consider the common interface solution. 

Observation4: RAN3 could also consider the possibility of common interface solution.
Based on the above analysis, we suggest RAN3 to consider the coexisting of both the PLMN specific interface solution and the common interface solution. For the PLMN specific interface solution, the corresponding TPs can be found in [5] and [6]. While for the common interface solution, we have also provided the corresponding TPs for for Xn/X2/F1 interfaces, which can be found in [7], [8] and [9].

Proposal3: RAN3 is kindly suggested to consider the coexisting of both the PLMN specific interface solution and the common interface solution.

Conclusion
The following proposal is provided:

Observation1: For calculating the shortMAC-I and resumeMAC-I in the RRC Resume/Reestablishment procedure of NR, RAN2 has agreed that the corresponding CellIdentity is associated with the first PLMN-Identity included in the PLMN-IdentityInfoList broadcasted in SIB1.

Observation2: For RRC Resume procedure in LTE, the  legacy cellIdentity, i.e. the cellIdentity (Without suffix) in SIB1, will be taken as CellIdentity in the short-MAC-I calculation.
Proposal1: RAN3 to update the Semantics description of Integrity protection IE and New Cell Identifier IE in Retrieve UE Context message in XnAP. 
Proposal2: RAN3 to update the Semantics description of New E-UTRAN Cell Identifier IE in Retrieve UE Context message in X2AP. 
Observation3: RAN3 could consider the possibility of PLMN specific interface solution by introducing implementation based enhancement. Some stage2 clarification text is needed.

Observation4: RAN3 could also consider the possibility of common interface solution.
Proposal3: RAN3 is kindly suggested to consider the coexisting of both the PLMN specific interface solution and the common interface solution.
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