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1 Introduction
In last SA2 meeting, an LS (R2-2404141/S2-2405813) was sent to RAN2 with the following questions
	As part of the FS_5G_Femto study (SP-231797), the following aspects are being studied:

· WT#1: Based on RAN3 outcome, enhance the overall architecture and enable the required functional and procedural changes for supporting 5G NR Femto deployment.

· WT#2: How to enable interworking between CAG and CSG cells.

In TR 23.700-45, the WT#2 (mapped to KI#1 in the TR) investigates the support of the UE moving between CAG cell of 5G Femto and CSG cell, with no impact on the RAN. Therefore, some companies proposed below solutions for this KI:

· The UE partitions CSG-CAG ID and constructs mapped CSG/CAG ID, and reports to the NG-RAN or E-UTRAN (depending on the considered mobility direction) as described in pCR (S2-2405814).

· RAN recognizes the target CSG cell (or the target CAG cell) as an open cell during the handover (e.g., via local configuration) and the core network performs access control as described in pCR (S2-2405789).

Question 1: SA2 would like to know whether the two solutions mentioned above have any impact on the RAN (e.g., for RAN procedures)? 

Question 2:  SA2 has reserved the time units for the normative work of WT#1 based on the result of RAN3 work (RP-234041), which is expected to start in SA2 from SA2#164. Therefore, SA2 requests to confirm the conclusion of RAN3 on overall architecture, etc., which will be used as the basis for SA2's normative work.



The highlighted part addressed the UE handover between CAG cell of 5G Femto and CSG cell of LTE, and two solutions are on the table in SA2:

· Solution #5 (TR23.700-45 v0.3.0): Handover from/to CSG cell to/from CAG cell using mapped CAG/CSG ID
· Solution #6 (TR23.700-45 v0.3.0): Management-based CAG cell and CSG cell mapping to support interworking
However, RAN side impact of both solutions is unclear, and RAN2’s evaluation is desirable. Thus, in this contribution, the potential impacts to RAN2 for both solutions are discussed. 
2 Discussion
The scenarios addressed by SA2 contain mobility for two different directions: 1) Mobility from CAG cell to CSG cell, and 2) Mobility from CSG cell to CAG cell. Before the evaluation on RAN side impact, it is better to understand the technical gaps of the existing system in order to support such mobility scenarios.

-  Mobility from the CAG cell to the CSG cell

    According to TS38.331, the measurement report can include the measurement results of both NR cell and LTE cell, which contain the information shown in the following table: 

	MeasResults

	>measResultListNR
	>measResultListEUTRA

	  >> PhysCellId (0…1007)
	  >> PhysCellId (0…1007)

	  >>CGI-InfoNR
	  >>CGI-InfoEUTRA

	    >>> NPN-IdentityInfoList-r16
	    >>>CellAccessRelatedInfo-EUTRA-EPC

	     >>>> NPN-Identity-r16
	      >>>>cellIdentity-eutra-epc  (28bits)

	      >>>>> cag-Identity-r16  (32bits)
	


It can be observed that in the measurement results, the UE can provide CAG ID of neighboring NR cells, and cell identity (28bits) of neighboring CSG cells. Thus, when the gNB of 5G Femto receives the measurement results of an EUTRA cell, it cannot know whether the EUTRA cell is a CSG cell or not. On the other hand, the UE can detect the CSG cell based on the SIB1 of CSG cell, and derive the corresponding CSG identity.
Observation 1: Under CAG cell, the UE cannot report the CSG ID of CSG cell even though it can derive the CSG ID via the SIB1 of CSG cell. Thus, the gNB of 5G Femto cannot be aware of the CSG cell via the reporting from the UE.
- Mobility from the CSG cell to the CAG cell 
According to TS36.331, the measurement report can include the measurement results of both LTE cell and NR cell, which contain the information shown in the following table: 

	MeasResults

	>measResultListEUTRA
	>measResultCellListNR-r15

	  >> PhysCellId (0…503)
	  >> PhysCellIdNR-r15 (0…1007)

	  >> AdditionalSI-Info-r9
	  >> CGI-InfoNR-r15

	    >>> CSG-Identity (27bits)
	    >>> PLMN-IdentityInfoNR-r15

	
	      >>>> CellIdentityNR-r15  (36bits)


It can be observed that in the measurement results, the UE can provide CSG ID of neighboring CSG cells, and cell identity (36bits) of neighboring NR cells. Thus, when the CSG cell receives the measurement results of an NR cell, it cannot know whether the NR cell is a CAG cell or not. On the other hand, the UE can detect the CAG cell based on the SIB1 of CAG cell, and derive the corresponding CAG identity.
Observation 2: Under CSG cell, the UE cannot report the CAG ID of CAG cell even though it can derive the CAG ID via the SIB1 of CAG cell. Thus, the CSG cell cannot be aware of the CAG cell via the reporting from the UE.
Thus, the source node under existing system cannot obtain the CSG/CAG identity of the target cell so that it cannot determine whether the UE has the right to access the target cell. 

Proposal 1: from RAN2 perspective, the technical issue is that the source node cannot know the CSG/CAG identity of the target cell so that it cannot determine whether the UE has the right to access the target cell or not. 
2.1. RAN impact evaluation of Solution #5
Such solution from SA2 aims at helping the source node be aware of CSG/CAG identity of the target cell, i.e., 
- Mobility from CAG cell of 5G Femto to CSG cell of LTE
The UE maps a CSG Identity of target CSG cell to a CAG identity by adding 5 leftmost bits being zeros (i.e., 00000+CSG ID), and reports the new constructed CAG ID to the gNB of 5G Femto. To realize this, one issue is that which IE is used to report the measurement results of target CSG cell. There are two options:

· Option 1: the result is reported as EUTRA cell

In this option, measResultListEUTRA IE is used, and such IE should be enhanced to add the CAG ID since the existing signaling does not have CAG ID for ETURA cell. 

· Option 2: the result is reported as NR cell

In this option, measResultListNR IE is used. The UE has to report the PCI of EUTRA cell. In the existing IE, the PhysCellId IE is dedicated for NR cell which can be 0~1007. To differentiate from this IE, a new IE for PCI of EUTRA cell is needed in measResultListNR IE.  Then, the CAG ID in this IE can be reused. However, the resultant issue is that the gNB of 5G Femto cannot be aware that the target cell is a CSG cell so that it may consider the mobility as intra-NR cell mobility instead of CAG to CSG mobility. To resolve this issue, one possible method is that the CAG IDs with 5 leftmost bits being zeros can be reserved for mobility to/from CSG cell, and those IDs cannot be used for CAG cell. It can be assumed that such solution is aligned with SA2’s consideration, i.e., “the 5G source system is required to reserve CAG IDs with the leftmost five bits set to zeros, for supporting mobility from/to a CSG cell”.  
Observation: for solution #5, the RAN side enhancement for the mobility from CAG cell to CSG cell contain:

· UE behavior: perform the mapping from the CSG ID to CAG ID.  

· RRC: add new IE for PCI of EUTRA cell in case of reporting CSG Cell via NR cell related IE (i.e., measResultListNR) or add new IE of CAG ID in case of reporting CSG Cell via EUTRA cell related IE (i.e., measResultListEUTRA)
- Mobility from CSG cell of LTE to CAG cell of 5G Femto
  The UE maps a CAG Identity (with 5 leftmost bits being zero) to CSG ID by removing the 5 leftmost bits, and reports the new constructed CSG ID to the CSG cell. Similar as the other direction, the issue is that which IE is used to report the measurement results of target CAG cell. There are two options:

· Option 1: the result is reported as EUTRA cell 
In this option, measResultListEUTRA IE can be used, the existing CSG ID can be reused. However, the existing PhysCellId IE (0~503) cannot be used to indicate NR cell PCI. Thus, a new IE is needed to include the PCI of NR cell, which can be also used by the CSG cell to identify that the target cell is a CAG cell. 
· Option 2: the result is reported as NR cell

In this option, measResultCellListNR-r15 IE can be used. However, a new IE for indicating the CSG ID of such cell should be added. 
Observation: for solution #5, the RAN side enhancement for the mobility from CSG cell to CAG cell contain:

· UE behavior: perform the mapping from the CAG ID to CSG ID.  
· RRC signaling: add new IE to include NR cell PCI in measResultListEUTRA IE in case of reporting as EUTRA cell, or add new IE to include CSG ID in measResultCellListNR-r15 IE in case of reporting as NR cell. 
Proposal 2: for solution #5, both RRC signaling and UE behavior should be enhanced, i.e., 
· Mobility from CAG cell to CSG cell

· UE behavior: perform the mapping from the CSG ID to CAG ID.  

· RRC: add new IE for PCI of EUTRA cell in case of reporting CSG Cell via NR cell related IE (i.e., measResultListNR) or add new IE of CAG ID in case of reporting CSG Cell via EUTRA cell related IE (i.e., measResultListEUTRA)
· Mobility from CSG cell to CAG cell

· UE behavior: perform the mapping from the CAG ID to CSG ID.  
· RRC signaling: add new IE to include NR cell PCI in measResultListEUTRA IE in case of reporting as EUTRA cell, or add new IE to include CSG ID in measResultCellListNR-r15 IE in case of reporting as NR cell. 

2.2. RAN impact evaluation of Solution #6

From SA2 perspective, this solution aims at not introducing the impact to the RAN side so that the mobility is treated as a normal cell, and the access control is handled by the Core network side. Specifically, the AMF is provided with HeNB correlation configuration, i.e., 
	Attribute name
	Data type
	P
	Cardinality
	Description

	Global Home eNB ID
	PLMN ID + BIT String (28)
	M
	1
	Home eNB ID

	CSG-ID
	CsgID
	O
	1
	CSG Id of the Home eNB

	Cell Access Mode
	ENUMERATED (hybrid, …)
	O
	1
	Access mode of the cell as defined in TS 36.413 [10]

	CorrespondingCAGlist
	array(CagID)
	O
	0..N
	List of CAG IDs corresponding to the CSG-ID


· Mobility from the CAG cell to CSG cell

The solution description is given as below

	The following steps, referring to steps in clause 4.11.1.2.1 of TS 23.502 [3] as base, are enhanced for the CSG ID correlation handling in AMF.

3.
Based on the target ID (Home eNB ID), the AMF checks the correlation information between target Home eNB ID and the corresponding CSG ID as described in table 6.6.2-1 above and includes the derived CSG ID. The AMF further checks the allowed CAG IDs in the UE's subscription and its correlation to the target Home eNB's CSG ID and Cell Access Mode information and sets proper CSG membership indication as part of the Forward Relocation Request message towards MME. If the CSG ID is not correlated with any allowed CAG IDs of the UE, the AMF rejects the HO.
It's assumed that NG-RAN without enhancement can trigger the handover required as in step 1 for the UE towards the target CSG cell as normal cell as described in clause 9.3.2.2 of TS 38.300 [6].


Since the target cell is treated as a normal EUTRA cell, the legacy handover from 5GS to EPC can be reused. Thus, the existing measurement report procedure can be reused. The only impact is the one mentioned by SA2, i.e., AMF will check whether the UE is allowed to access the target CSG cell based on the Home eNB ID received from the gNB of 5G Femto, and the above configured table. If it is not allowed, the AMF will reject the HO request. The consequence is that since the gNB of 5G Femto does not know which is target cell is allowed for UE access, the blind target cell selection may result in several rejection from AMF, which will delay the UE’s handover. 
Observation: for solution # 6 targeting mobility from CAG cell to CSG cell, the UE may encounter failure due to the handover preparation failure for the blindly selected target cell. 
· Mobility from CSG cell to CAG cell

The solution description is given as below:

	Based on the following text in clause 5.30.3.4 of TS 23.501 [2]. The CAG access control can be enforced by AMF during Registration after the HO. No enforcement is needed.

-
During transition from CM-IDLE to CM-CONNECTED and during Registration after connected mode mobility from E-UTRAN to NG-RAN as described in clause 4.11.1.2.2 of TS 23.502 [3]:

-
The AMF shall verify whether UE access is allowed by Mobility Restrictions:

NOTE:
The AMF may provide the Mobility Restriction information as part of the HO Request message if AMF has stored UE subscription information.

It's assumed that E-UTRAN without enhancement can trigger the handover required as in step 1 for the UE towards the target CAG cell as normal cell as described in clause 10.2 of TS 36.300 [7].


Similar as the other direction, the legacy handover from EPC to 5GS can be reused, and the existing measurement report procedure can be reused. There are two cases for consideration:

· AMF has stored UE subscription information: the AMF can indicate the allowed CAG IDs of the UE and provided them in HO Request message so that the gNB of 5G Femto can determine whether to accept the UE or not. This case may result in several Handover preparation failure since the target cell is blindly selected, and whether the UE is allowed to access the target or not can be determined only when the gNB of 5G Femto receives the HO request from AMF
· AMF does not have the UE subscription information: the access control has to be performed after completing HO. This case may result in the failure of UE after HO. 

Observation: for solution # 6 targeting at mobility from CSG cell to CAG cell, the UE may encounter failure due to either 1) the handover request rejection for the blindly selected target cell, or 2) access rejection after HO. 
Thus, for solution #6, although the RAN specification impact can be avoided, the impact would be the handover performance at the UE side. Specifically, it may cause the occurrence of more failure cases at the UE side, which is normally trying to avoid. 

Proposal 3: The solution #6 omits the RAN specification impact at cost of RAN side performance impact, i.e., cause more failure cases at the UE side.

From our understanding, the first priority of the UE mobility is to keep the seamless connection for the UE.  Moreover, 3GPP spends great effort to minimize the interruption during the handover. Thus, the failure case should be minimized as much as possible. From this perspective, we would prefer to have solution #5. 
Proposal 4: RAN2 is kindly asked to provide the following content in the reply LS:

· The RAN side impact for solution #5 (as given in Proposal 2)

· The RAN side impact for solution #6 (as given in Proposal 3)

· Suggestion on solution #5 to avoid the failure cases caused by solution #6.  
Conclusion
In this contribution, we address the baseline procedures for the AIoT, and have the following proposals:
Proposal 1: from RAN2 perspective, the technical issue is that the source node cannot know the CSG/CAG identity of the target cell so that it cannot determine whether the UE has the right to access the target cell or not. 
Proposal 2: for solution #5, both RRC signaling and UE behavior should be enhanced, i.e., 

· Mobility from CAG cell to CSG cell

· UE behavior: perform the mapping from the CSG ID to CAG ID.  

· RRC: add new IE for PCI of EUTRA cell in case of reporting CSG Cell via NR cell related IE (i.e., measResultListNR) or add new IE of CAG ID in case of reporting CSG Cell via EUTRA cell related IE (i.e., measResultListEUTRA)
· Mobility from CSG cell to CAG cell

· UE behavior: perform the mapping from the CAG ID to CSG ID.  
· RRC signaling: add new IE to include NR cell PCI in measResultListEUTRA IE in case of reporting as EUTRA cell, or add new IE to include CSG ID in measResultCellListNR-r15 IE in case of reporting as NR cell.
Proposal 3: The solution #6 omits the RAN specification impact at cost of RAN side performance impact, i.e., cause more failure cases at the UE side.

Proposal 4: RAN2 is kindly asked to provide the following content in the reply LS:

· The RAN side impact for solution #5 (as given in Proposal 2)

· The RAN side impact for solution #6 (as given in Proposal 3)

· Suggestion on solution #5 to avoid the failure cases caused by solution #6.  
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