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1	Introduction
The LS from SA2 [1] asked RAN2 to provide the feedback on the support of UE mobility between CAG cell and CSG cell related to 5G Femto:
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).

[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.

This contribution mainly discusses on the answer for Question 1 from RAN2 perspective.
2	Discussion
Firstly, we try to investigate the scenarios for the interworking between CAG and CSG cells. The most possible scenario is that the 4G CSG cell of a HeNB and the 5G CAG cell of a NR Femto node are deployed at the same place, e.g., in the same house as a mixed 4G/5G femto deployment, where the serving cell of the connected UE may be changed to provide the UE with good coverage. However this is not a common case/typical scenario,  it is preferred not to cause RAN impact as much as possible. According to SA2’s SID SP-231797,  it has been clearly stated that the impact to EPC, E-UTRAN, and NG-RAN should be avoided. 
Observation 1: The interworking between 4G CSG cell and 5G CAG cell is not a common case, and the caused impact on RAN shall be avoided.
2.1 On Solution 1 proposed in S2-2405814 [2]
[bookmark: _Hlk165467601]The procedure for the UE moving from a CAG cell to a CSG cell proposed in [2] is shown as below:



Figure 6.X.2-1: UE mobility from CAG cell of 5G Femto to 4G CSG cell
Step 0a. 5GS is configured in a way that the existing CAG ID values are partitioned to reserve CAG IDs with leftmost five bits set to zeros, for supporting mobility from/to a CSG cell
[bookmark: _Hlk159850453]Step 0b. It is assumed that UE is configured with the allowed CAG and CSG list for access to CAG and CSG cells when the registered PLMN sends allowed CAG list during the registration procedure or UE configuration update procedure. 
Step 1. Target 4G CSG cell broadcasts a CSG ID(s) over SIB1.
Step 2. The UE reads the CSG ID of the target CSG cell and constructs a mapped CAG ID. The UE can construct a mapped CAG ID for a CSG cell where the mapped CAG ID is an encoding of partitioned CAG IDs to CSG IDs and can be obtained with 32-bit bitstring by setting five zeros as leftmost bits followed by the 27 bits of the CSG ID of a CSG cell.
Step 3. The UE sends to the source 5GS a 5G measurement report message including the mapped CAG ID constructed at Step 2. In this step, there is no change on the existing measurement reporting procedure as the reported mapped CAG ID is aligned with the existing CAG ID concept.
Step 4. The source 5GS uses the mapped CAG ID  to perform the access control in the same way as dealing with the existing intra-system CAG ID access control (e.g. for NPN).
Based on our understanding, the potential RAN impacts from RAN2 perspective are concluded as follows:   
· For Step 2, the UE will not read SIB1 when performing measurements during the handover preparation procedure,  according to the current specification. Then, on whether the inter-RAT measurement report for 4G contains the CSG ID, from the excerpted part in TS 38.331 as below, the MeasResultListEUTRA IE does not include the CSG ID either. Therefore, the UE can neither get the CSG ID of the target CSG cell directly from the SIB1, nor from the UE measurement report for 4G CSG cell. In another words, the UE can not even obtain the input information of CSG ID for the CSG ID to CAG ID mapping.
· For Step 3, in addition to the problems caused by Step 2, currently the UE reports what it measures. It means that the UE can not convert the 4G measurement report into the 5G measurement report. -------------Excerpt from TS 38.331-------------
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· For Step 4, although the source 5GS receives the mapped CAG ID, the related procedure still needs to be enhanced since the source 5GS can not differentiate which is a real CAG ID for intra-RAT handover and which is a “fake” CAG ID mapped to the CSG ID for inter-RAT handover. The enhancement is needed to avoid its confusion when determining the subsequent handover decision.
The same problem exists in the opposite mobility direction, when the UE moves from a 4G CSG cell to a 5G CAG cell. 
Observation 2: Legacy UE served by a 5G CAG cell will not read the CSG ID of a 4G CSG cell when performing measurement, and will not construct a mapped CAG ID, thus step 2 and 3 of solution 1 have impact on the UE.
Observation 3: Legacy source gNB cannot recognize a “fake” CAG ID which is actually mapped to a CSG ID for determining subsequent inter-RAT handover decision, thus step 4 of solution 1 has impact on the RAN.
2.2 On Solution 2 proposed in S2-2405789 [3]
The method details in [3] are shown as below:
	6.X.2	Functional Description
The solution is based on the existing mechanism of CAG for PNI-NPN as specified in TS 23.501 [7] with following enhancements:
-	The correlation between CAG information and CSG information (including corresponding Home eNB ID) can be configured locally in the AMF that the 5G NR Femto cell is connected to. 
…
-	AMF actions during the handover procedures.
-	During the HO procedure from 5GS to EPS, the AMF provides to the MME in the Forward Relocation Request message with CSG related information, based on CAG information in subscription data and the configured correlation between the Target ID contained in N2 Handover Required signalling (i.e. the Global Home eNB ID) and the corresponding CSG information as described in table 6.x.2-1.
-	During the HO procedure from EPS to 5GS, the AMF performs normal HO procedure based on existing access control function.
…
6.X.3.1	HO procedure from 5GS to EPS
…
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.x.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 TS 38.300 [x] clause 9.3.2.2.
6.X.3.2	HO procedure from EPS to 5GS
…
Based on the following text in clause 5.30.3.4 of TS 23.501. 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 TS 36.300 [x] clause 10.2.



Based on above method details, the NG-RAN or the E-UTRAN can trigger the handover required, by considering the target CSG cell or target CAG cell as a normal inter-RAT cell, since the UE measurement report for the inter-RAT cell does not contain any CSG ID or CAG ID and the mapping between the CAG ID and CSG ID is handled by the AMF. As a result, there seems no RAN impact.
Observation 4: From RAN2 perspective, there seems no RAN impact by solution 2.
[bookmark: _Hlk162447971]RAN2 to provide the following feedback on Question 1: 
· For solution 1, neither the existing measurement mechanism of legacy UE nor the existing handover handling of RAN node supports this solution, i.e., this solution has impacts on both the RAN and the UE.
· [bookmark: _Hlk162598632][bookmark: _Hlk162378302]For solution 2, there seems no RAN impact.
3	Conclusion
This paper discusses on Question 1 listed in SA2’s LS. The observations and proposal are concluded as below:
Observation 1: [bookmark: _Toc423020280]The interworking between 4G CSG cell and 5G CAG cell is not a common case, and the caused impact on RAN shall be avoided.
Observation 2: Legacy UE served by a 5G CAG cell will not read the CSG ID of a 4G CSG cell when performing measurement, and will not construct a mapped CAG ID, thus step 2 and 3 of solution 1 have impact on the UE.
Observation 3: [bookmark: _GoBack]Legacy source gNB cannot recognize a “fake” CAG ID which is actually mapped to a CSG ID for determining subsequent inter-RAT handover decision, thus step 4 of solution 1 has impact on the RAN.
Observation 4: From RAN2 perspective, there seems no RAN impact by solution 2.
Proposal 1: RAN2 to provide the following feedback on Question 1: 
· For solution 1, neither the existing measurement mechanism of legacy UE nor the existing handover handling of RAN node supports this solution, i.e., this solution has impacts on both the RAN and the UE.
· For solution 2, there seems no RAN impact.
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1	Overall description
RAN2 would like to thanks SA2 for the LS on Support of UE move between CAG cell of 5G Femto and CSG cell and provides the following answer for Question 1 from RAN2 perspective.
Question 1: SA2 would like to know whether the two solutions mentioned above have any impact on the RAN (e.g., for RAN procedures)? 
[bookmark: _Hlk166070885]Answer: 	For solution 1, neither the existing measurement mechanism of legacy UE nor the existing handover handling of RAN node supports this solution, i.e., this solution has impacts on both the RAN and the UE. For solution 2, there seems no RAN impact.
2	Actions
To SA2 
ACTION: 	RAN2 respectfully asks SA2 to take the above feedback into account.
3	Dates of next RAN2 meetings

RAN2#127	      2024-08-19  -  2024-08-23 	Maastricht, NL
RAN2#127bis	2024-10-14  -  2024-10-18 	China (TBC)
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