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1.	Introduction
In R3-243020/S2-2405813 [1], the SA2 sent a LS on support of UE move between CAG cell of 5G Femto and CSG cell as follows: 
	…
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).

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]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.
…



In this LS, first question is whether the two solutions have any impact on the RAN. In this contribution, we will discuss the RAN impact of two solutions (i.e., Sol #5 and #6 in TR 23.700-45 [2]) in the LS and provide our view on it.
2.	Discussion
In SA2 study for the 5G Femto [3], one of the Key issues (i.e., Key Issue #1) is how to support UE move between CAG cell of 5G Femto and CSG cell. SA2 expects that solutions for Key Issue #1 avoid impacts on EPC (e.g., MME), E-UTRAN and NG-RAN. 
In TR 23.700-45 [2], five solutions (i.e., Sol #5~#9) are captured for Key Issue #1. Sol #8 and #9 clearly have the RAN impact, while Sol #7 only supporting the idle mode mobility expects no RAN impact. However, it is unclear whether Sol #5 and #6 in TR 23.700-45 have the RAN impact in order to support the connected mode mobility between CAG cell of 5G Femto and CSG cell. Therefore, in [1], SA2 sent a LS to ask RAN2 and RAN3 to provide any feedback on the RAN impact of two solutions (i.e., Sol #5 and #6).

2.1 Solution #6 in TR 23.700-45 (i.e., S2-2405789 in LS)
In Sol #6 (i.e., S2-2405789 in LS) [4], the HO procedure from 5GS to EPS is based on clause 4.11.1.2.1 of TS 23.502 as follows:


Figure 1: 5GS to EPS handover procedure
In this solution, it is 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. Our understanding is that this assumption can be confirmed. In other words, the NG-RAN is able to recognize the target CSG cell as an open cell. According to clause 15.3.3.1 of TS 38.300, OAM can add and delete Neighbour Cell Relations (NCRs), and also change the attributes of the NCRT. Therefore, in the source NG-RAN, the operator can only configure the global and physical IDs (e.g., ECGI/PCI) of the target CSG cell without additional CSG information related to the target cell. The source NG-RAN configures to the UE the measurement and reporting for the target CSG cell, and then decides the handover to the target CSG cell in the Home eNB based on the measurement results from the UE. In these steps, the existing RAN behaviour can be reused to trigger the HO to the target CSG cell without any enhancement.
Observation 1: NG-RAN without enhancement can trigger the handover towards the target CSG cell as normal cell.

In Sol #6, it is assumed that the following correlation table between CAG information and CSG information is locally configured in the AMF. 
Table 1: Home eNB Correlation configuration in AMF
	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
	[bookmark: MCCTEMPBM_00000026]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



Based on the Target ID IE (i.e., Target Home eNB ID) in the HANDOVER REQUIRED message, the AMF derives the CSG-ID and the cell access mode of the Target Home eNB from the local correlation table. If at least one of CAG IDs corresponding to that CSG-ID is part of the UE's Allowed CAG list, then the AMF accepts the HO to the target CSG cell. The AMF provides the derived CSG-ID and the cell access mode of the Target Home eNB to the MME by using the Forward Relocation Request message. Then, the MME performs UE access control to the target CSG cell based on the received information. As a result, there is no impact on the E-UTRAN.
Observation 2: For the HO procedure from 5GS to EPS, there is no impact on E-UTRAN.

In Sol #6, the HO procedure from EPS to 5GS is based on clause 4.11.1.2.2 and TS 23.502 as follows:


Figure 2: EPS to 5GS Handover procedure, preparation phase 

As in Figure 1, the E-UTRAN without any enhancement can recognize the CAG cell of the 5G Femto node as the open cell based on the local configuration. Then, the E-UTRAN decides to trigger the handover towards the target CAG cell of the 5G Femto node based on the measurement results. 
Observation 3: E-UTRAN without enhancement can trigger the handover towards the target CAG cell as normal cell.
Then, the legacy handover from EPS to 5GS is performed for this scenario without any enhancement. After the HO completion, the UE initiates the EPS to 5GS Mobility Registration Procedure in clause 4.11.1.3.3 of TS 23.502. During this procedure, the AMF verifies whether UE access is allowed by Mobility Restrictions. 
Observation 4: For the HO procedure from EPS to 5GS, there is no impact on the NG-RAN.

Based on the above observations, the following proposal for Sol #6 is suggested to RAN3:
Proposal 1: Sol #6 can be supported without any RAN impact.

2.2 Solution #5 in TR 23.700-45 (i.e., S2-2405814 in LS)
In Sol #5 (i.e., S2-2405814 in LS) [5], CAG IDs with leftmost five bits set to zeros are reserved for supporting mobility from/to a CSG cell. It is also assumed that the UE is configured with the CSG-CAG ID correlation information.
First, the handover procedure from 5GS to EPS can be illustrated as follows: 

Figure 3: UE mobility from CAG cell of 5G Femto to 4G CSG cell (Sol #5)

In this procedure, the UE reads the CSG ID of the target CSG cell in SIB1, and then generates the mapped CAG ID based on the received CSG ID and locally configured mapping information. In Step 3, the UE sends the mapped CAG ID to the source NG-RAN by using the 5G measurement report message. Then, the source 5GS checks whether the UE is allowed to access to the target CSG cell. 
Basically, it is unclear how source NG-RAN recognizes the CSG ID and mapped CAG ID related to the target CSG cell based on RRC measurement report. In NR, the UE does not report the CAG ID to the NG-RAN except that the NG-RAN configures the UE to read the related information of the newly detected cell(s) and report it to the NG-RAN. In order for the UE to provide the mapped CAG ID in Step 3, the NG-RAN needs to configure the UE to read the broadcast channel of the target CSG cell and report the CAG ID corresponding to that cell (i.e., target CSG cell) before Step 1. We are not sure whether the NG-RAN without any enhancement instructs the UE to perform SI acquisition and reporting of the CAG ID. One possible option to alleviate the above problem is that based on UE local configuration for CSG-CAG ID correlation information, the UE itself without the configuration from the NG-RAN decides to read the SIB1 of the target CSG cell and report the mapped CAG ID to the NG-RAN. However, in this case, it may be difficult for the NG-RAN to schedule appropriate idle periods to allow the UE to read the related information from the broadcast channel of the target CSG cell.
Another problem is whether the UE can report the E-UTRA cell-related information (e.g., ECGI, TAI, CSG ID, mapped CAG ID, …) to the NG-RAN by using the NR measurement IE (e.g., the CGI-InfoNR IE in the MeasResultNR IE). In Sol #5, since the NG-RAN without enhancement does not comprehend the CSG ID, the UE generates the mapped CAG ID and sends it to the NG-RAN instead of the CSG ID. However, as shown in Figure 3, the mapped CAG ID is associated with the 4G CSG cell. Therefore, it is questionable whether the mapped CAG ID can be provided to the NG-RAN by using the NR measurement IE. As mentioned in [6], if RAN2 supports the solution in Sol #5 with existing CGI reporting procedure, one should assume that two different procedures for CGI reporting of E-UTRA cell and CGI reporting of NR cell should be used in mixed manner, because network should command UE to acquire SIB1 of Home eNB cell, which is expected behaviour in E-UTRA cell CGI reporting capability, but UE finally reports CAG ID, which is expected behaviour in NR NPN cell CGI reporting capability. Therefore, we think that this should be finally confirmed by the RAN2.
Observation 5: The NG-RAN needs to be enhanced to recognize the mapped CAG ID related to the target CSG cell.
According to Step 4 in Sol #5, based on the mapped CAG ID, the source 5GS needs to check whether the UE is allowed to access to the target cell. If this means that the source AMF performs the CAG access control for HO from 5GS to EPS, the mapped CAG ID should be provided to the AMF via the NG-RAN. Therefore, the NGAP signaling needs to be enhanced to include the mapped CAG ID in the HANDOVER REQUIRED message.
Observation 6: If the source AMF performs the CAG access control for HO from 5GS to EPS, the mapped CAG ID should be included in the HANDOVER REQUIRED message.
During the legacy HO from 5GS to EPS, the source NG-RAN just triggers the Handover procedure towards the E-UTRA cell in the EPS without CAG access control. However, if the source NG-RAN performs the CAG access control instead of the source AMF, then the source NG-RAN behaviour should be changed because it verifies whether the UE is allowed to access the target cell based on the mapped CAG ID before triggering the HO to EPS. Also, the CAG information is only applicable with 5GS. However, in this solution, the mapped CAG ID is used for the source NG-RAN to check whether the UE is allowed to access the target E-UTRA cell. Therefore, we think that it also causes the enhancement of the NG-RAN behaviour.
Observation 7: If the source NG-RAN performs the CAG access control for HO from 5GS to EPS, source NG-RAN behaviour should be changed compared to the legacy HO from 5GS to EPS.
In addition, the source NG-RAN receives NR measurement IE for the target E-UTRA cell. Therefore, the NG-RAN should see the target cell as a NR cell. However, in Sol#5, the source NG-RAN should trigger inter system handover instead of intra system handover. Therefore, the NG-RAN should have additional mechanism to differentiate whether the target cell is an NR cell or E-UTRA cell, which should have impact to NG-RAN.
Observation 8: In order to trigger inter system handover, NG-RAN should be able to differentiate whether measured cell is NR cell or E-UTRA cell when the NG-RAN receives measurement report containing NR measurement IE.
During the HO from EPS to 5GS, the Observations 5~8 can be applied to the E-UTRAN as well. Therefore, the following proposals for Sol #5 are suggested to RAN3:
Proposal 2: In Sol #5, the NG-RAN/E-UTRAN should be enhanced to recognize the mapped CAG/CSG ID for the target cell from the RRC measurement report.
Proposal 3: In Sol #5, the mapped CAG/CSG ID should be included in the NGAP/S1AP HANDOVER REQUIRED message.

Another point is that in Sol #6, the UE measures the radio quality of the candidate cell(s) and reports it to the RAN. In this solution, there is no need to read the CSG/CAG ID of the target CSG/CAG cell in SIB1. However, the UE in Sol #5 always performs SI acquisition to generate the mapped CAG/CSG ID, thus causing unnecessary handover latency. 
Proposal 4: Compared to Sol #6, Sol #5 has unnecessary handover latency due to SI acquisition.

The above proposals are captured into a draft LS in [7]. Then, the following proposal is suggested to RAN3:
Proposal 5: It is proposed to send a replay LS in [7] to SA2.

3.	Conclusion
In this contribution, we focused on the RAN impact of two solutions (i.e., Sol #5 and #6 in TR 23.700-45) in the LS and provided our view on it. The following proposals are kindly suggested to RAN3:
Proposal 1: Sol #6 can be supported without any RAN impact.
Proposal 2: In Sol #5, the NG-RAN/E-UTRAN should be enhanced to recognize the mapped CAG/CSG ID for the target cell from the RRC measurement report.
Proposal 3: In Sol #5, the mapped CAG/CSG ID should be included in the NGAP/S1AP HANDOVER REQUIRED message.
Proposal 4: Compared to Sol #6, Sol #5 has unnecessary handover latency due to SI acquisition.
Proposal 5: It is proposed to send a replay LS in [7] to SA2.
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