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1	Introduction
The agreements achieved for NR Femto in the RAN3#123bis meeting are shown below [1]:
RAN3 should consider the following options for 5G femto architecture (for NG): 
1) HgNB directly connected to the 5GC; 
2) The HgNB GW (concentration for the CP application layer);  
3) The SCTP concentrator (concentration for the transport layer); 
4) The CU-DU split (femto as gNB-DU, GW as gNB-CU). 
Option 1 does not require any architecture change.
5G Femto Architecture options for the Xn are to be continued and discussed separately.
RAN3 to use the term “NR Femto node”. The functionalities of an NR Femto node need to be further studied
An NR Femto node only supports NR.
Initial access control to a CAG supported by a NR Femto node is performed by the AMF, reusing current PNI-NPN functionality.
The study should consider applicability of use cases equivalent to those in 4G, i.e. open mode, closed mode, hybrid mode. Definitions of open mode, closed mode, hybrid mode for the NG-RAN are FFS
Reusing CAG configurations and mobility functionalities specified for PNI-NPN also for NR Femto nodes deployments. Whether enhancements to legacy CAG functionalities are needed is for further discussion. 
No impacts on the UE are in scope of the study.
Security aspects are under SA3´s responsibility
This contribution mainly dicusses on the architecture and access control for NR Femto.
2	Discussion
2.1	Architecture
[bookmark: _Hlk162216006]To study the overall RAN architecture for supporting the NR Femto, we need to take the LTE HeNB into account since that the study involves a gap analysis of existing 5G functionality with HomeNB functionality. 
As defined in TS 36.300 [2], Fig.1 illustrates the LTE HeNB architecture. In this architecture, the HeNB may connect to the MME directly, or connect to the MME via a HeNB GW, which appears to the MME as an eNB and appears to the HeNB as an MME. The functions supported by the HeNB shall be the same as those supported by an eNB. In TS 36.300, it is specified that one HeNB serves only one cell. 
As for the NR Femto, the most common scenario to deploy the NR Femto is same to the HeNB, e.g., for the coverage enhancement at home or at enterprise, which implies the number of serving users can not be very large. Therefore, the basic principle for the HeNB is also applicable for the NR Femto, i.e., one NR Femto serves only one NR cell.
[bookmark: _Hlk162447971]Same as HeNB, one NR Femto serves only one NR cell.
[bookmark: _GoBack]


Fig.1 LTE HeNB logical architecture
[bookmark: _Hlk165970979]2.1.1	Comparison for Architecture support NG 
According to the progress made in the last RAN3 meeting, there are 4 candidate options for the NR Femto architecture: 
· Option 1: NR Femto node directly connects to the 5GC
· Option 2: NR Femto node connects the 5GC via the NR Femto GW 
· Option 3: Using the SCTP concentrator between NR Femto node and the 5GC
· Option 4: NR femto node is deployed as a gNB-DU, and the gNB-CU terminates NG interface towards 5GC


Fig.2 NG-RAN architecture for CU-DU and CP-UP function split
As illustrated in Fig.2 [3], a gNB may be deployed as an integrated NG-RAN node, or may consist of a gNB-CU-CP, multiple gNB-CU-UPs and multiple gNB-DUs. Different deployment could have different benefits. For instance, the split architecture could bring flexibility for network deployment, while the integrated architecture could reduce the processing delay due to non signalling exchange among the NG-RAN internal entities. Therefore, the current specification can already support Option 1 and Option 4, no enhancement is needed.
Option 1 and Option 4 can already be supported, no enhancement is needed.
For the Option 2 and Option 3, the problem needs to be further studied is whether to introduce a concentrator for handling NG-C signallings based on NGAP or SCTP. In LTE, the HeNB GW was introduced as a concentrator handling S1 signallings between the HeNBs and the MME, in order to reduce the burder of the MME, i.e., avoid scaliability issue. The HeNB needs to set up with the HeNB GW at first and then the HeNB GW works as a proxy node to transport the S1 signallings between the HeNB and the MME. However, thanks to the flexible 5GC architecture design, we do not see the scalability issue if the AMF support direct connection towards each NR Femto, especially considering that each network function in 5GC can be implemented as a virtualised function instantiated on a cloud infrastructure. Maybe more justification and input from operators are needed for the necessity of the concentrator manner.
Following table concludes the comparison of the above 4 options for better evaluation.
	Option
	Pros
	Cons

	1
	· No need to enhance the current specification.
· Reduce processing delay due to non signalling exchange among the NG-RAN internal entities.
	· The large number of N2 connections towards the AMF may bring burden to the AMF, but pending the justification on the AMF’s capability shortage.

	2
	· Enable the scalability for the 5G Femto.
· Reduce the burden of AMF.
· It can be supported in a cost-effective way based on HeNB GW deployment.
	· Bring impacts on the current specification, e.g. need to introduce a new network functionality between NR Femto and 5GC.
· The proxy node may cause extra processing latency for CP.

	3
	· Seems no impact on the 3GPP specification.
· Reduce the SCTP connections towards AMF.
	· The change to SCTP layer concentration will impact the SCTP layer design, but details of this solution is out of 3GPP scope.
· The large number of N2 connections towards the AMF may bring burden to the AMF, if the limited N2 connections is the shortness of the AMF’s capability.

	4
	· No need to enhance the current specification.
· Enable the flexibility for network deployment.
	· Bring processing delay due to signalling exchange among the NG-RAN internal entities.


 
No strong motivation to support Option 2 unless more justification and input from operators are provided for the necessity of the concentrator manner.
RAN3 not consider Option 3, since it has impact on the SCTP layer which is out of 3GPP scope. 
2.1.2	Architecture: Xn interface support
In RAN3-123bis meeting, there is a to be continued issue regarding Xn “5G Femto Architecture options for the Xn are to be continued and discussed separately.”
Similar as the options for terminating the NG interface, there are also 4 candidate options for the Xn interface of the NR Femto node. 
· Option 1: NR Femto node directly connects to the neighboring gNB/NR Femto node
· Option 2: NR Femto node connects the neighboring gNB/NR Femto node via the NR Femto GW 
· Option 3: Using the SCTP concentrator between NR Femto node and the neighboring gNB/NR Femto node
· Option 4: NR Femto node is deployed as a gNB-DU, and the gNB-CU terminates Xn interface towards the neighboring gNB
For option 4, there is no Xn interface terminated at the NR Femto node, because the gNB-CU will terminate the Xn interface instead, just same as the existing CU-DU split architecture. When compared to option 1, the option 2 and option 3 has advantage from the scalability point of view. However, as we discussed in 2.1.1, we do not see the scalability issue even for the NG interface support of NR Femto, and considering that the Xn connection for NR Femto node will be very limited, the concentrator for Xn connection management is not needed.
NR Femto node can maintain Xn interface towards neigboring gNB/NR Femto node directly, no need to introduce the Xn GW for the NR Femto.
2.2	Access control
The UE access can be controlled by using the CSG mechamism under the LTE HeNB deployment. There are three access modes for the UE to perform an access [2]:
· Open access mode: The network configures and activates a PLMN cell, which can be accessed by legacy UE and the UE supporting CSG without access control.
· Hybrid access mode: The network configures and activates a hybrid cell. For the UE with CSG subscription, the HeNB provides the selected CSG ID and CSG access mode to the MME for CSG membership verification. This cell is accessible as a CSG cell by UEs which are members of the CSG. And for the other UEs, this cell is viewed as a normal PLMN cell. 
· Closed access mode: The network configures and activates a CSG cell, which can only be accessed by the UEs which has subscribed the related CSG ID. The HeNB provides the selected CSG ID to the MME for CSG access control.
Similar to the CSG, NR uses the CAG mechanism when designing the support for NPN. We provide some introduction for the CAG according to the existing NR specifications:----------excerpt from TS 38.331----------
NPN-only Cell: A cell that is only available for normal service for NPNs' subscriber. An NPN-capable UE determines that a cell is NPN-only Cell by detecting that the cellReservedForOtherUse IE is set to true while the npn-IdentityInfoList IE is present in CellAccessRelatedInfo.

The existing CAG mechanism already supports the above 3 access modes of HeNB as the following:----------excerpt from TS 38.300----------
[bookmark: _Toc155991630]16.7	Public Network Integrated NPN
[bookmark: _Toc37232062][bookmark: _Toc46502142][bookmark: _Toc51971490][bookmark: _Toc52551473][bookmark: _Toc155991631]16.7.1	General
A PNI-NPN is a network deployed for non-public use which relies on network functions provided by a PLMN (see clause 4.8). In PNI-NPN, a Closed Access Groups (CAG) identifies a group of subscribers who are permitted to access one or more CAG cells associated to the CAG. A CAG is identified by a CAG identifier broadcast in SIB1.
A CAG-capable UE can be configured with the following per PLMN (see clause 5.30.3.3 of TS 23.501 [3]):
-	an Allowed CAG list containing the CAG identifiers which the UE is allowed to access; and
-	a CAG-only indication if the UE is only allowed to access 5GS via CAG cells.
Dual Connectivity is supported and may involve both PNI-NPN and PLMN cells, according to the mobility restrictions in the UE context as described in TS 37.340 [21].

· To support the open access mode: The NR Femto activates a PLMN cell, which can be accessed by legacy UE without access control.
· To support the hybrid access mode: The NR Femto cell can be shared by both PLMN and CAG, through broadcast both the plmn-IdentityInfoList and the npn-IdentityInfoList-r16 in the SIB1, but without the cellReservedForOtherUse.  Then, this cell is accessible as a CAG cell by UEs which has the allowed CAG list including this cell. For the legacy UE not supporting CAG, this cell is viewed as a normal PLMN cell.
· To support the closed access mode: The NR Femto activates an NPN-only cell by broadcasting the cellReservedForOtherUse IE with value be set as “true”, then this cell can only be accessed by the UEs whose allowed CAG list includes a CAG-ID broadcasted by the NR Femto cell.  
Proposal 1: [bookmark: _Hlk162378302]The existing CAG mechanism can already support all the access modes involved in CSG, i.e. open, hybrid and closed, no gap is found.
3	Conclusion
This paper provides other issues for the WAB-node. The proposals are as follows:
Architecture
1. Same as HeNB, one NR Femto serves only one NR cell.
1. Option 1 and Option 4 can already be supported, no enhancement is needed.
1. No strong motivation to support Option 2 unless more justification and input from operators are provided for the necessity of the concentrator manner.
1. RAN3 not consider Option 3, since it has impact on the SCTP layer which is out of 3GPP scope. 
1. NR Femto node can maintain Xn interface towards neigboring gNB/NR Femto node directly, no need to introduce the Xn GW for the NR Femto.
Access control
1. The existing CAG mechanism can already support all the access modes involved in CSG, i.e. open, hybrid and closed, no gap is found.
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5.2	Architecture
Editor Note: Study the overall RAN architecture and required functional and procedural impacts for supporting 5G Femto deployments
>>>>>>>>>>>unchanged parts are skipped<<<<<<<<<<<<
5.2.1.1	Option 1
As shown in Figure 5.2.1.1-1, in this option the NR Femto node connects to the 5GC directly as a gNB by means of the NG interface, and the NR Femto node can maintain Xn interface towards another NR Femto node or a neighboring gNB. 



[bookmark: _MON_1774880051]
Figure 5.2.1.1-1: Option 1 for NR Femto Architecture
>>>>>>>>>>>unchanged parts are skipped<<<<<<<<<<<<
5.3	Access control
Editor Note: Study how to define the 5G access control mechanism by (re-)using the existing CAG functionality and identify needed enhancements (if any)
To support the access control during the initial access and mobility, the NR Femto can resue the existing CAG mechanism which is defined for the PNI-NPN.  
With the existing CAG mechanism, the access modes involved in CSG, i.e. open, hybrid and closed, can be supported as the following: 
· To support the open access mode: The NR Femto activates a PLMN cell, which can be accessed by legacy UE without access control.
· To support the hybrid access mode: The NR Femto cell can be shared by both PLMN and CAG, through broadcast both the plmn-IdentityInfoList and the npn-IdentityInfoList-r16 in the SIB1, but without the cellReservedForOtherUse.  Then, this cell is accessible as a CAG cell by UEs which has the allowed CAG list including this cell. For the legacy UE not supporting CAG, this cell is viewed as a normal PLMN cell. 
· To support the closed access mode: The NR Femto activates an NPN-only cell by broadcasting the cellReservedForOtherUse IE with value be set as “true”, then this cell can only be accessed by the UEs whose allowed CAG list includes a CAG-ID broadcasted by the NR Femto cell.
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