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Introduction

In this paper, we discuss the architecture and access control for NR femto.
Discussion
Architecture
In last RAN3 meeting, following agreements are made for NR femto:

	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.


And in the LS from SA2 and SA3[1][2], they ask RAN3 to clarify the architecture of NR Femto.

From our view, except option1, option2-3 are based on one assumption that a concentrator function is needed.
In LTE, the HeNB GW was introduced as a concentrator handling S1 signallings between the HeNBs and the MME, in order to reduce the S1 connection of the MME, in other words, to solve the scaliability issue. 

When it comes to 5GC system, due to network function vitalization(NFV), one physical core network device can support more than one logical core network function entity. A NF(e.g. AMF, SMF) can active or de-active different number of NF instances to avlid scaliability issue based on the number of NG connections.
As described in 23.501, a Network Function instance can also be deployed such that several network function instances are present within a NF set provide distributed, redundant, stateless and scalability together as a set of NF instances. 5G-AN node also have the capability to support multiple TNL associations per AMF, i.e. AMF name. An AMF shall provide the 5G-AN node with the weight factors for each TNL association of the AMF.

Therefore, the motivation of introducing such concentrator for scalable function is not clear.

Option1(NR Femto node directly connected to the 5GC) is adopted for NR Femto

Xn interface architecture of NR femto
In LTE, similarly, to decrease the X2 connection between HeNB and eNB, X2 GW is introduced.

However, as we discussed above, 5G system is designed in a scalable manner, the motivation of X2 GW is also not clear. And the introduction of such Xn gateway may introduce large Xn handover latency and increase the cost of NR Femto deployment.

Therefore, we suggest to adopt Xn interface of current 5G architecture for NR Femto.
Regarding Xn interface, NR Femto node is directly connected to other NR Femto Nodes/NR gNBs,  adopt the TP in Annex clause.
Access control
In last RAN3 meeting, it’s FFS on how to define the femto mode of NR Femto.

	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


In LTE HeNB, the mode of HeNB is defined in 22.220[3], the modes of Henb are:

	Closed access mode: H(e)NB provides services only to its associated CSG members.

Hybrid access mode: H(e)NB provides services to its associated CSG members and to non-CSG members.

Open access mode: H(e)NB operates as a normal NodeB or eNodeB. 


However, according to 22.261[4], we do not see such service requirement of defining the mode of NR Femto. And during the discussion in LTE, the concept of hybrid cell is introduced due to the introduction of hybrid mode, as described in 36.304[5]:
	Hybrid cell: A cell broadcasting a CSG Indicator that is set to FALSE and a specific CSG identity.


And further enhancement is made in 36.304 to support hybrid cell, e.g. the CSG cells and Hybrid cells in Cell Selection.
However, in 5G system, only CSG cell is defined in 304 for cell selection and re-selection, as described in 38.304:

	CSG cell: A cell broadcasting a CSG indication that is set to TRUE and a specific CSG identity.


Therefore, considering the limited time budget, to minimize the specification impact, it is suggested to not introduce the concept of “hybrid mode” or “hybrid cell” in current NR femto. What we need to do is clarify the equivalent use case of HeNB in NR femto.

Additionally, as we discussed above, gNB connected to 5GC directly is preferred for NR Femto architecture, which means legacy gNB can be a NR femto node. Introduction of femto mode, especially hybrid mode or hybrid cell may cause potential enhancement on current gNB deployment.
The motivation of introducing Femto mode is not clear. It is suggested to not introduce the definition of “Femto mode”, especially “hybrid mode” or “hybrid cell”. Just clarify the equivalent use case of HeNB in NR femto.
Regarding the applicability of use cases equivalent to those in HeNB,  i.e. open mode, closed mode, hybrid mode, to avoid introducing new concept, following descriptions should be followed:

	38.304[6]
CSG cell: A cell broadcasting a CSG indication that is set to TRUE and a specific CSG identity.

Hybrid cell: A cell broadcasting a CSG Indicator that is set to FALSE and a specific CSG identity.

When cell status is indicated as "not barred" and "not reserved" for operator use and not "true" for other use and not "true" for future use,

-
UEs shall treat this cell as candidate during the cell selection and cell reselection procedures.

When cell broadcasts any CAG-IDs or NIDs and the cell status is indicated as "not barred" and "not reserved" for operator use and "true" for other use, and not "true" for future use:

-
All NPN-capable UEs shall treat this cell as candidate during the cell selection and cell reselection procedures, other UEs shall treat this cell as if cell status is "barred".

	38.300[7]
PLMN Cell: a cell of the PLMN.
CAG Cell: a PLMN cell broadcasting at least one Closed Access Group identity.

CAG-only cell: a CAG cell that is only available for normal service for CAG UEs.

Non-CAG Cell: a PLMN cell which does not broadcast any Closed Access Group identity.

CAG Member Cell: for a UE, a CAG cell broadcasting the identity of the selected PLMN, registered PLMN or equivalent PLMN, and for that PLMN, a CAG identifier belonging to the Allowed CAG list of the UE for that PLMN.


Based on above specification descriptions, we have following understandings:

Understaniding1: The equivalent use case of HeNB open mode is Non-CAG cell, i.e. a PLMN cell which does not broadcast any Closed Access Group identity.
Understanding2: The equivalent use case of HeNB hybrid mode is CAG cell, i.e. a PLMN cell broadcasting at least one Closed Access Group identity, and the cell status is indicated not "true" for other use.
Understanding3: The equivalent use case of HeNB hybrid mode is CAG cell, i.e. a PLMN cell broadcasting at least one Closed Access Group identity, and the cell status is indicated "true" for other use.

Adopt the TP in annex clause for clarification of applicability of use cases equivalent to those in HeNB.

Conclusion
Option1(NR Femto node directly connected to the 5GC) is adopted for NR Femto.
Regarding Xn interface, NR Femto node is directly connected to other NR Femto Nodes/NR gNBs,  adopt the TP in Annex clause.

The motivation of introducing Femto mode is not clear. It is suggested to not introduce the definition of “Femto mode”, especially “hybrid mode” or “hybrid cell”. Just clarify the equivalent use case of HeNB in NR femto.

Adopt the TP in annex clause for clarification of applicability of use cases equivalent to those in HeNB.
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Annex
TP for Xn interface of NR Femto
5.2.1.x
Xn interface architecture for NR Femto
As shown in Figure 5.2.1.x-1, in this option the NR Femto Node connects to the other NR Femto as a gNB by means of the Xn interface. 
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Figure 5.2.1.x-1: Xn interface Architecture for NR Femto
TP for Clarification of HeNB mode in NR Femto
5.2.1.x
applicability of use case in HeNB
Regarding applicability of use case equivalent to those in HeNB, following understandings are adopted:
Understaniding1: The equivalent use case of HeNB open mode is Non-CAG cell, i.e. a PLMN cell which does not broadcast any Closed Access Group identity.
Understanding2: The equivalent use case of HeNB hybrid mode is CAG cell, i.e. a PLMN cell broadcasting at least one Closed Access Group identity, and the cell status is indicated not "true" for other use.
Understanding3: The equivalent use case of HeNB hybrid mode is CAG cell, i.e. a PLMN cell broadcasting at least one Closed Access Group identity, and the cell status is indicated "true" for other use.
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