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1 Introduction

The status of discussions on NR Femto Node architecture from the last RAN3 meeting is as follows [1].

The following agreements were made:

· Option 1 [NR Femto Node directly connected to the 5GC] does not require any architecture change.

· RAN3 shall use the term “NR Femto Node”; the functionality of an NR Femto Node need to be further studied.

· An NR Femto Node only supports NR.

It is also assumed that security aspects are under SA3 responsibility.

Furthermore, the figure was removed from a TP on Opt. 3 [2] before agreement because it was not editable [1].

Now that RAN3 has captured 4 architecture options in the TR, we also propose some further discussion on pros and cons, also following the initial discussion at the last meeting.
RAN3 has also received LSs from SA3 and SA2 asking for “architectural direction for the target baseline system architecture of 5G NR Femto” [4] and “to confirm the conclusion of RAN3 on overall architecture, etc.”
 [3] to be used as basis for further work in the respective groups.
In this contribution we will further discuss NR Femto Node architecture and provide a possible reply to SA2 and SA3.
2 Discussion
2.1 Figure for Option 3
The figure for Option 3 was removed at the end of the last RAN3 meeting because it was not editable. [1] We are providing it in an editable form in the enclosed TP, which we propose to agree.

Proposal 1: Agree to add the figure for Option 3 to TR 38.799 as in the TP in the Annex.

2.2 The SeGW

RAN3 is assuming that security aspects are under SA3 responsibility, and is also assuming that a Security Gateway (SeGW, out of RAN3 scope) will be deployed at least for Option 2. The SeGW is part of the security architecture, terminating among other things IPsec connections from the NR Femto Nodes to the 5GC. It seems appropriate then that, pending confirmation from SA3, the SeGW should be captured also in the figures for the other architecture options (with appropriate Notes).

Proposal 2: Pending confirmation from SA3, capture the SeGW also in the figures for architecture options 1, 3, and 4 (with appropriate Notes, similar to option 2).
2.3 NR Femto Node Addressing

In order to enable deployments with large numbers of NR Femto Nodes, it seems appropriate to review the NG-RAN gNB ID addressing space to confirm it allows the deployment of the desired volumes. Current gNB ID is encoded as BIT STRING (SIZE(22..32) [7], allowing up to 232 unique gNB IDs per PLMN.

Proposal 3: RAN3 should review the NG-RAN gNB ID addressing space, and operators should confirm that it allows the deployment of the desired HgNB volumes.
If this is not the case, one of the potential solutions to be considered could be a similar concept as in E-UTRAN (e.g. adding HgNB ID in a CHOICE for gNB ID, to encode the HgNB NR CGI).

Proposal 4: Capture the parts on NR Femto Node addressing in TR 38.799.
2.4 Comparing the Architecture Options – Initial Observations

1) Option 1
ADVANTAGE:

· Less CP latency and no processing delay due to absence of a concentration stage.

· Does not require any architecture change.

DISADVANTAGE:

· Does not provide concentration of NG interfaces, which results in an increased number of CP connections to AMFs: less capable AMFs might potentially have scalability issues.

2) Option 2
ADVANTAGES:

· Assuming concentration is a requirement, provides concentration of NG.

· Provides an evolution path for operators that have already deployed a HeNB GW for E-UTRAN, assuming it is feasible to upgrade it to NG-RAN functionality.

DISADVANTAGES
· Likely increased CP latency and additional processing delay.
· Requires specific, dedicated additions to NGAP.

· If messages for the NR Femto Nodes under the NR Femto GW are routed according to TAI like for the HeNB GW, this may put some constraints on TAI allocation.

3) Option 3

ADVANTAGES

· Assuming concentration is a requirement, provides concentration of NG.

· Transparent to the NG-RAN logical architecture and to NGAP.
DISADVANTAGES

· Likely increased CP latency and additional processing delay.

· May require changes to SCTP layer implementation (e.g. consistent handling of SCTP streams in the concentrator and in the AMF)
.

· Does not provide an evolution path for operators that have already deployed a HeNB GW for E-UTRAN.

4) Option 4
ADVANTAGES

· Assuming concentration is a requirement, provides concentration of NG.

· Native part of NG-RAN architecture: no standards impact

· An NR Femto Node is a gNB-DU: less complex to implement than a gNB.

DISADVANTAGES

· Does not provide an evolution path for operators that have already deployed a HeNB GW for E-UTRAN.

· Termination on end-user premises (e.g. subject to unforeseen connections and disconnections) and transport on third-party residential broadband are not use cases foreseen by legacy F1 interface.
Considering that NG-RAN is not the first RAN generation with femto specifications, considerations on evolution path for operators with existing femto deployments should be included in the evaluation of the different architecture options. We welcome further input from operators.
Proposal 5: Include considerations on evolution path for operators with existing femto deployments when evaluating the different architecture options; include these considerations in TR 38.799.
3 Questions on Architecture from SA2 and SA3
SA2 is asking RAN3 the following (Question 2 of [3]):
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.

And SA3 is asking RAN3 the following: [4]
For fit for purpose relevant security risk analysis, SA3 kindly requests SA2 and RAN3 to provide SA3 architectural direction for the target baseline system architecture of 5G NR Femto.

Depending on the baseline systems architecture for 5G NR Femto backhaul and its management network, SA3 can conduct further risk analysis and identify the gaps from TS 33.320.

While RAN3 has already captured 4 architecture options in TR 38.799, study conclusions are not expected to be discussed until RAN3 #125, the last meeting allocated to this study. Only at that point is RAN3 expected to discuss a recommendation (if any) for a potential future normative phase (if any). At this point, therefore, it seems premature to communicate any possible way forward on this study.

Observation 1: RAN3 is expected to discuss study conclusions at RAN3 #125, so it seems premature to communicate any possible way forward to other WGs at this time.

The most current (and perhaps useful) information we can communicate to SA2 and SA3 at this time is the status of discussion, including e.g. the 4 architecture options currently captured in TR 38.799, and when RAN3 is expected to discuss study conclusions.

We should also mention to SA3 our assumptions on the SeGW.

Proposal 6: Reply to SA2 and SA3 pointing to current captured architecture options and mention the expected time frame for RAN3 to discuss study conclusions; draft reply LSs are in the Annex.
4 Conclusions and Proposals
Our observations and proposals are summarized below.
Proposal 1: Agree to add the figure for Option 3 to TR 38.799 as in the TP in the Annex.

Proposal 2: Pending confirmation from SA3, capture the SeGW also in the figures for architecture options 1, 3, and 4 (with appropriate Notes, similar to option 2).
Proposal 3: RAN3 should review the NG-RAN gNB ID addressing space, and operators should confirm that it allows the deployment of the desired HgNB volumes.
Proposal 4: Capture the parts on NR Femto Node addressing in TR 38.799.

Proposal 5: Include considerations on evolution path for operators with existing femto deployments when evaluating the different architecture options; include these considerations in TR 38.799.
Observation 1: RAN3 is expected to discuss study conclusions at RAN3 #125, so it seems premature to communicate any possible way forward to other WGs at this time.

Proposal 6: Reply to SA2 and SA3 pointing to current captured architecture options and mention the expected time frame for RAN3 to discuss study conclusions; draft reply LSs are in the Annex.
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Annex – Draft Reply LSs to SA2 and SA3
Draft Reply LS to SA2
To: SA2; cc: RAN2

1. Overall Description:

RAN3 Thanks SA2 for the LS on support of UEs moving between CAG cells of NR Femto Nodes and CSG cells.
On Question 1:

RAN3 would like to observe the following.

Both solutions discussed in SA2 seem to leverage a local functionality “mapping” CSG IDs to CAG IDs, enabled by local configuration. In the first solution (S2-2405814) this functionality resides in the UE and leverages local configuration in 5GC; in the second solution (S2-2405789) this functionality resides in the 5GC and leverages local configuration in 5GC.

Given that the first solution requires at least some UE impact, it is out of scope of the RAN SID (RP-234041), which calls for no UE impact.

On Question 2:

RAN3 has captured the following 4 architecture options in TR 38.799:

1) NR Femto Node connects to 5GC directly as a gNB by means of the NG interface. RAN3 has agreed that this option does not require any architecture change.

2) The NG-RAN architecture may deploy an NR Femto Gateway (NR Femto GW) between the NR Femto node and the 5GC. The NR Femto GW serves as a concentrator for the NG-C interface. The NR Femto GW appears to the AMF as a gNB. The NR Femto GW appears to the NR Femto node as an AMF. The NG interface between the NR Femto node and the 5GC is the same regardless of whether the NR Femto node is connected to the 5GC via an NR Femto GW or not.
3) An SCTP concentrator acts as an IP proxy between an NR Femto node and the AMF. It reduces the number of SCTP connections toward the 5GC by leaving the NGAP layer untouched and by concentrating the SCTP layer. The SCTP concentrator is part of the transport layer, and it is transparent to the application layer.
4) In this option, the NR Femto node is a gNB-DU as defined in TS 38.401. The gNB-CU is used as the concentration node for connecting the NR Femto nodes to 5GC on both control plane and user plane.
RAN3 expects to conclude this study at RAN3 #125, August 2024.
2. Actions:

To SA2:

ACTION: RAN3 kindly asks SA2 to take the above into account.
Draft Reply LS to SA3
To: SA3; cc: SA2
1. Overall Description:

RAN3 Thanks SA3 for the LS requesting clarification on the potential baseline system architecture of 5G NR femto.
RAN3 has captured the following 4 architecture options in TR 38.799:

1) NR Femto Node connects to 5GC directly as a gNB by means of the NG interface. RAN3 has agreed that this option does not require any architecture change.

2) The NG-RAN architecture may deploy an NR Femto Gateway (NR Femto GW) between the NR Femto node and the 5GC. The NR Femto GW serves as a concentrator for the NG-C interface. The NR Femto GW appears to the AMF as a gNB. The NR Femto GW appears to the NR Femto node as an AMF. The NG interface between the NR Femto node and the 5GC is the same regardless of whether the NR Femto node is connected to the 5GC via an NR Femto GW or not.
3) An SCTP concentrator acts as an IP proxy between an NR Femto node and the AMF. It reduces the number of SCTP connections toward the 5GC by leaving the NGAP layer untouched and by concentrating the SCTP layer. The SCTP concentrator is part of the transport layer, and it is transparent to the application layer.
4) In this option, the NR Femto node is a gNB-DU as defined in TS 38.401. The gNB-CU is used as the concentration node for connecting the NR Femto nodes to 5GC on both control plane and user plane.
While assuming that security aspects for NR Femto nodes architecture are under SA3 responsibility, RAN3 has assuming that a security gateway will be deployed between the NR Femto Nodes and the 5GC. Such a security gateway is currently captured (SeGW) in TR 38.799 for Option 2; RAN3 assumes that it should be deployed also for the other options but would like SA3 to confirm that this is the case.
RAN3 expects to conclude this study at RAN3 #125, August 2024.
2. Actions:

To SA3:

ACTION: RAN3 kindly asks SA3 to take the above into account, and to confirm that the security gateway should be deployed for all architecture options.
Text Proposal for TR 38.799
START OF CHANGES
5.2
Architecture

Editor Note: Study the overall RAN architecture and required functional and procedural impacts for supporting 5G Femto deployments
5.2.x General

5.2.x.1 Addressing
Current gNB ID is encoded as BIT STRING (SIZE(22..32) (TS 38.413 [z]), allowing up to 232 unique gNB IDs in a PLMN. This seems adequate for the deployment of the desired NR Femto Node volumes [FFS]. If this is not the case, a potential solution may be a similar concept as in E-UTRAN (e.g. adding NR Femto Node ID in a CHOICE for gNB ID, to encode the NR Femto Node CGI).
5.2.1 Architecture Options
UNCHANGED PART OMITTED
5.2.1.3 Option 3

An SCTP concentrator acts as an IP proxy between an NR Femto node and the AMF. It addresses the issue of reducing the number of SCTP connections toward the 5GC by leaving the NGAP layer untouched and by concentrating the SCTP layer. The SCTP concentrator is part of the transport layer, and it is transparent to the application layer. This solution was studied for E-UTRAN and is described in detail in TR 37.803 [y].


[image: image1.emf]AMF

SCTP

Concentrator

NR Femto

1

NG

NG

NG

NR Femto

2

NR Femto

3

SCTP association 2

SCTP streams SCTP association

SCTP association

NG


Figure 5.2.1.3-1: Option 3 for NR Femto Architecture.
A single SCTP association per NG-C interface instance is used with one pair of stream identifiers for NG-C common procedures. An SCTP concentrator terminates the lower layers so that the AMF does not need to be aware that several peers, with which it maintains NG interfaces, are actually behind the concentrator.

The key characteristics are:

1. There is a single NGAP association (application layer) between the AMF and each NR Femto node.

2. There is a single SCTP association (transport layer) between the AMF and the SCTP concentrator.

3. There is a single SCTP association (transport layer) between the SCTP concentrator and each NR Femto node connected to it.

4. The SCTP concentrator does not touch the application layer and transports it transparently.

5. For each NR Femto node, the SCTP concentrator maps the NGAP signaling on the appropriate SCTP association, “switching” between the various SCTP streams from the NG interface between itself and the AMF.

6. The SCTP concentrator can also act as a “smart NAT”, in case the NR Femto nodes are assigned private IP addresses.
Point 5 above descends from the multi-streaming capabilities of SCTP. The AMF can map NGAP signaling for different NR Femto nodes on different streams over the same SCTP association. The concentrator receives the messages, terminates the SCTP connection, and maps each message on a new SCTP association toward the appropriate NR Femto node according to the stream number used. Since there can be up to 65535 streams in an SCTP association, in principle it is possible to address a large number of NR Femto nodes from the same AMF through the same SCTP concentrator. The SCTP concentrator handles the appropriate switching between each stream number on the SCTP concentrator-AMF association and each NR Femto node-SCTP concentrator association (see Figure 5.2.1.3-1). This functionality is completely contained in the SCTP concentrator and only requires that the AMF and NR Femto nodes map NGAP signaling to different peers, on different SCTP stream identifiers.

UNCHANGED PART OMITTED
NEXT CHANGE
5.2.x Evaluation
1) Option 1
ADVANTAGE:

· Less CP latency and no processing delay due to absence of a concentration stage.

· Does not require any architecture change.

DISADVANTAGE:

· Does not provide concentration of NG interfaces, which results in an increased number of CP connections to AMFs: less capable AMFs might potentially have scalability issues.

2) Option 2
ADVANTAGES:

· Assuming concentration is a requirement, provides concentration of NG.

· Provides an evolution path for operators that have already deployed a HeNB GW for E-UTRAN, assuming it is feasible to upgrade it to NG-RAN functionality.

DISADVANTAGES
· Likely increased CP latency and additional processing delay.

· Requires specific, dedicated additions to NGAP.

· If messages for the NR Femto Nodes under the NR Femto GW are routed according to TAI like for the HeNB GW, this may put some constraints on TAI allocation.

3) Option 3

ADVANTAGES

· Assuming concentration is a requirement, provides concentration of NG.

· Transparent to the NG-RAN logical architecture and to NGAP.

DISADVANTAGES

· Likely increased CP latency and additional processing delay.

· May require changes to SCTP layer implementation (e.g. consistent handling of SCTP streams in the concentrator and in the AMF).

· Does not provide an evolution path for operators that have already deployed a HeNB GW for E-UTRAN.

4) Option 4
ADVANTAGES

· Assuming concentration is a requirement, provides concentration of NG.

· Native part of NG-RAN architecture: no standards impact

· An NR Femto Node is a gNB-DU: less complex to implement than a gNB.

DISADVANTAGES

· Does not provide an evolution path for operators that have already deployed a HeNB GW for E-UTRAN.

· Termination on end-user premises (e.g. subject to unforeseen connections and disconnections) and transport on third-party residential broadband are use cases not foreseen by legacy F1 interface.

END OF CHANGES
� The LS � REF _Ref165963184 \r \h ��[3]� also includes a question on access control, which is discussed in a separate contribution � REF _Ref165963273 \r \h ��[5]�.


� It should be noted that most of the issues studied in � REF _Ref166086328 \r \h ��[6]� may be superseded due to the evolved SCTP handling in NG-RAN.
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