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Abstract of the contribution: This contribution proposes a new solution to TR 23.700-06 on Architectural enhancements for the support of a MWAB. 

Proposal
The following solution is proposed for TR 23.700-06:
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Editor’s note:	This clause describes the mapping between solutions and key issues.
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* * * Next change (All new) * * * 
6.x	Solution #x: Solution on Architectural enhancements for the support of a MWAB 
[bookmark: _Toc93529808]6.x.1	General
This solution is for Key Issue#1 defined below:
-    Whether and how the MWAB provides service for UEs from the HPLMN and UEs from other PLMN when the MWAB roaming nationally/internationally to another PLMN.
- 	How to provide the backhaul link using a PDU sessions for a MWAB, to support the N2/N3 interfaces and connectivity to an OAM server.
-	How to discover and determine the AMF for the MWAB-gNB to connect to.
The solution considers these baseline assumptions: 
MWAB-UE connects via NR-Uu interface to BH-gNB to establish PDU (IP) connectivity service [clause 5.6 of TS 23.501] with 5GC. BH-gNB supports gNB functionalities as defined in clause 4.2 of TS 38.300. This PDU session is terminated at BH-UPF in the 5GC. BH-UPF supports UPF functionalities as defined in clause 6.2.3 of TS 23.501. 
NOTE: Additionally, BH-UPF provides PDU Session point of interconnect to Data Network, where the Data Network can also be the 5G Core Network to which the BH-UPF belongs.
As specified in clause 5.8.2.2.1 of TS 23.501, 5GC allocates per-DNN basis UE IP address to the UEs to facilitate interaction with the data network.
[bookmark: _Toc93529809]6.x.2	Functional descriptions
6.x.2.1	MWAB solution for Non-Roaming
Figure 6.x.2.1 covers MWAB solution for non-roaming scenario with N2 and N3 realization. MWAB-UE registers to the 5GC via BH-gNB indicating that it is a MWAB, by providing ‘MWAB Indication’. This indication helps 5GC recognize that this UE serves a MWAB-gNB connecting via a NG-RAN node. MWAB-UE provides an ‘MWAB-indication’ as an AS layer parameter to BH-gNB. BH-gNB uses this ‘MWAB-indication’ along with other factors to select an AMF that supports MWAB node and includes the ‘MWAB-indication’ in the N2 INITIAL UE MESSAGE to AMF.

Once registered, MWAB-UE requests PDU session(s) establishment [clause 4.3.2.2 in TS 23.502] with ‘DNN’ information for backhaul connectivity; instead of any external data network, the DNN here identifies ‘5G Core Network’ itself, which regular UEs would register with after connecting via MWAB. 
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Figure 6.x.2.1: MWAB solution for Non-Roaming 
For the backhaul PDU Session(s) establishment for the MWAB-UE, the AMF (not shown in figure) selects an SMF [clause 6.3.2 SMF discovery and selection of TS 23.501]. The SMF selection is based on the DNN information provided by the MWAB-UE among other factors [clause 6.3.2 of TS 23.501]. The selected SMF (not shown in figure) shall be configured to identify this DNN, which maps to the ‘5G Core Network’ instead of any external data network. As specified in clause 5.8.2.2 of TS 23.501, SMF responds to the MWAB-UE with the IP address for the PDU session via SM NAS signalling.

NOTE 1: The IP address(s) allocated to the MWAB-UE is (are) to be used by MWAB-gNB to communicate with the OAM system and the 5G Core Network. Hence the allocated IP address(s) should be routable from the OAM system and the 5G Core Network.

Once the backhaul PDU session establishment is complete, it facilitates IP reachability between the MWAB-gNB and the NFs (AMF/UPF) serving the UE within the 5GC and also between the MWAB-gNB and OAM entities. MWAB-gNB’s signalling/data packets coming out of the BH PDU session are routed out of N6 interface on the BH-UPF. Hence, N6 interface on the BH-UPF serves both uplink and downlink path for N2 & N3 communication of the MWAB-gNB. N6 interface on BH-UPF also facilitates MWAB connectivity with OAM entities. 

At power up, MWAB-gNB exchanges non-UE related N2 signalling with AMF as described in clause 4.2.7.1 of TS 23.502. 

AMF discovery and selection shall be supported by MWAB-gNB for the UEs it is serving, as defined in clause 6.3.5 of TS 23.501. As mentioned above, in addition to other factors, AMF selection is also based on the ‘MWAB-indication’ parameter received from the MWAB-UE as part of the AS layer parameters. 

NOTE 2: BH-UPF is considered as the PSA UPF and it shall not change, for a particular backhaul PDU session of the MWAB-UE.
NOTE 3: 
· Backhaul PDU session establishment can be governed by policies (PCF and/or OAM) defined by the operator. For example, if a backhaul PDU session is an always-on PDU session or if there can be one or more backhaul PDU sessions to support the operation of the MWAB-gNB, e.g., a separate session to support only N2 interface or OAM communication, shall be governed by the policy.
· It is anticipated that the QoS requirements of the UE services, shall be supported through the backhaul PDU session of the MWAB-UE. If the UE’s QoS requirements could not be supported by the QoS attributes set on the backhaul PDU session of MWAB-UE, the action to be taken viz-a-viz the backhaul PDU session (e.g., reconfiguration of BH PDU session)  shall also be governed by policies. 
[bookmark: _Toc93529810]6.x.2.2	MWAB solution for roaming in ‘Home Routed’ Scenario
Figure 6.x.2.2 provides an overview of MWAB roaming in VPLMN with ‘Home Routed’ scenario [clause 4.2.4 of TS 23.501]. MWAB belongs to PLMN A which is its HPLMN. Due to the mobility of MWAB, it has reached the coverage area of PLMN B which is a VPLMN for the MWAB. 
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[bookmark: _CRFigure4_2_46]Figure 6.x.2.2: MWAB solution for roaming in Home Routed scenario [Ref: Figure 4.2.4-6 of TS 23.501]
MWAB-UE is connected to PLMN B via BH-gNB, and it has established the backhaul PDU session with UPF of PLMN B. Since it is a ‘home routed’ scenario, the BH PDU session terminates at BH-UPF of PLMN A routed via the UPF of PLMN B. MWAB-gNB’s N2 and N3 interface packets are routed via N6 interface of the BH-UPF of PLMN A. Hence UEs connected to MWAB belonging to PLMN A will be served by 5GC of PLMN A. 

DNN selection and IP address allocation to MWAB-UE shall follow the same principles as described in the solution 6.x.2.1 above. 

NOTE: For the sake of simplicity, other NFs like SMF and PCF are not captured in figure 6.x.2.2.

6.x.2.3	MWAB solution for roaming in ‘Local breakout’ Scenario
Figure 6.x.2.3 provides an overview of MWAB roaming in VPLMN with ‘Local Breakout’ scenario [clause 4.2.4 of TS 23.501]. MWAB belongs to PLMN A which is its HPLMN. Due to the mobility of MWAB, it has reached the coverage area of PLMN B which is a VPLMN for the MWAB. 
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Figure 6.x.2.3: MWAB solution for roaming in Local Breakout scenario [Ref: Figure 4.2.4-4 of TS 23.501]
MWAB-UE is connected to PLMN B via BH-gNB, and it has established the backhaul PDU session with BH-UPF of PLMN B. Since it is a ‘local breakout’ scenario, the BH PDU session terminates at BH-UPF of PLMN B. In this case, ‘5G Core Network’ of PLMN A serving the UE is reachable from BH-UPF of PLMN B via N6 interface, i.e., once the BH-PDU session terminates at BH-UPF, NFs of PLMN A ‘5G Core Network’ are reachable via N6 interface of the BH-UPF.
Similarly, the IP address allocated to the MWAB (MWAB-UE) corresponding to a backhaul PDU session should be such that MWAB-gNB of PLMN A is reachable from AMF/UPF (and OAM) of PLMN A in the downlink direction via N6 interface of BH-UPF of PLMN B. 
NOTE: For the sake of simplicity, other NFs like SMF and PCF are not captured in figure 6.x.2.3.
6.x.2.4	UE roaming in ‘Home Routed’ Scenario
Figure 6.x.2.4 provides an overview of UE roaming in VPLMN with ‘Home Routed’ scenario [clause 4.2.4 of TS 23.501]. UE is part of PLMN A which is its HPLMN, and is in the coverage area of PLMN B which is a VPLMN. MWAB, BH-gNB, BH-UPF and rest of the core NFs belongs to PLMN B. UE being in the coverage area of MWAB connects to it,  and hence is roaming due to its connectivity with PLMN B which is its VPLMN. 
BH PDU session of the MWAB-UE terminates at BH-UPF via BH-gNB. MWAB-gNB serves a UE via BH-PDU session to facilitate N2 and N3 interfaces with AMF and UPF serving the UE. UE’s N1 signalling is established with AMF of PLMN B and its data path is established with UPF in PLMN B. V-SMF and V-PCF in PLMN B support UE procedures as required. Since the UE’s PDU session is home routed, its PDU session terminates at the UPF of PLMN A. UDM, AUSF, H-SMF and H-PCF on PLMN A support all the services for the UE, since it is a home routed scenario.
[image: ]
Figure 6.x.2.4: UE roaming in Home Routed scenario [Ref: Figure 4.2.4-6 of TS 23.501]
6.x.2.5	UE roaming in ‘Local Breakout’ Scenario
Figure 6.x.2.5 provides an overview of UE roaming in VPLMN with ‘Local Breakout’ scenario [clause 4.2.4 of TS 23.501]. UE is part of PLMN A which is its HPLMN, and is in the coverage area of PLMN B which is a VPLMN. MWAB, BH-gNB, BH-UPF and rest of the core NFs belongs to PLMN B. UE being in the coverage area of MWAB connects to it, and is roaming due to its connectivity with PLMN B which is its VPLMN.
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Figure 6.x.2.5: UE roaming in Local Breakout scenario [Ref: Figure 4.2.4-4 of TS 23.501]
BH PDU session of the MWAB-UE terminates at BH-UPF connected via BH-gNB. MWAB-gNB serves the UEs via BH-PDU session to facilitate N2 and N3 interfaces with AMF and UPF serving the UE. UE’s N1 signalling is established with AMF of PLMN B and its data path is established with UPF in PLMN B.  SMF and V-PCF in PLMN B support UE procedures as required. Since the UE’s PDU session is local breakout, its PDU session terminates at the UPF of PLMN B to reach the data network. UDM, AUSF and H-PCF on PLMN A support all the services for the UE, since it is a local breakout scenario.
6.x.3	Procedures
Figure 6.x.3.1 covers the working procedure for UEs connected via MWAB. 
1. MWAB-UE sends ‘Registration Request’ with ‘MWAB Indication’ in AN parameters as specified in step 1 of  clause 4.2.2.2 of TS 23.502.
2. BH-gNB performs ‘AMF selection’ based on MWAB-UE provided AN parameters including ‘MWAB indication’, as specified in clause 6.3.5 of TS 23.501.
3. BH-gNB forwards the ‘Registration Request’ received from MWAB-UE to BH-AMF (AMF serving the MWAB) with ‘MWAB Indication’ in N2 message, as defined in step 3 of clause 4.2.2.2 of TS 23.502.
NOTE 1: Steps 4 through 13 (including UDM selection) is followed as defined in clause 4.2.2.2 of TS 23.502.
4. BH-UDM provides ‘MWAB Operation allowed indication’ to BH-AMF as part of ‘Access and Mobility Subscription’ data defined in ‘steps 14a-c’ of clause 4.2.2.2 of TS 23.502 

NOTE 2: BH-AMF, BH-UDM and BH-UPF are AMF, UDM and UPF network functions as defined in TS 23.501. These are labelled ‘BH’ to indicate these entities are supporting the registration and backhaul PDU session establishment for MWAB-UE.

NOTE 3: Steps 14d through 20 (including PCF selection) is followed as defined in clause 4.2.2.2 of TS 23.502.

NOTE 4: Other NFs like AUSF, PCF and SMF are omitted in the call flow diagram for the sake of convenience. 

[image: ]
Figure 6.x.3.1: MWAB working procedure
5. ‘Registration Accept’ message is sent to MWAB-UE including ‘MWAB authorization information’, as specified in step 21 of clause 4.2.2.2 of TS 23.502.

NOTE 5: Steps 21b through 25 is followed as defined in clause 4.2.2.2 of TS 23.502.

6. After the registration procedure is complete, MWAB-UE establishes one or more PDU sessions, as defined in clause 4.3.2.2 of TS 23.502, with ‘BH-UPF’ being the PSA UPF. These PDU sessions with IP connectivity is used by MWAB-gNB for further communication with the 5GC.

NOTE 6: SMF selection shall be based on clause 6.3.2 of TS 23.501

NOTE 7: Backhaul PDU session establishment shall be governed by operator policies. Hence, whether a backhaul PDU session is an ‘Always-on PDU session’ or if there can be one or more backhaul PDU sessions to support the operations of the MWAB-gNB, shall be governed by the policy.

NOTE 8: QoS control on the backhaul PDU session can be managed as defined in clause 4.3.3.2.3 of TS 23.503.

NOTE 9: gNB configuration is typically done by the OAM entities. However, in this case the IP address allocation for MWAB-UE is handled by SMF, the IP address used by MWAB-gNB is of the allocated UE IP from the BH PDU session. Hence the IP allocation scheme between OAM entities & SMF needs coordination. 

NOTE 10: It is possible that more than one backhaul PDU sessions are established for a single MWAB-UE and the individual PDU Sessions may terminate on different BH-UPFs.

7. MWAB-gNB receives configuration details from the OAM entities via the BH PDU session. 
8. MWAB-gNB exchanges non-UE related N2 signalling with AMF at power up, as defined in clause 4.2.7.1 of TS 23.502. 
9. MWAB-gNB also performs radio setup and cell activation procedure before it can starts serving the UEs. This procedure is dependent on RAN group decision. 
10. UE registers and establishes PDU session as defined in clauses 4.2.2.2 and 4.3.2.2 of TS 23.502 via MWAB-gNB.

[bookmark: _Toc93529811]6.x.4	Impacts on services, entities, and interfaces
Impacts on existing entities
UDM: Support ‘MwabOperationAllowed’ data type in ‘Nudm_SDM service API’ [Clause 6.1.6 of TS 29.503]. 
NG-RAN: Support ‘MWAB Indication’ in AN parameters & N2 message. Support AMF selection on the basis of ‘MWAB Indication’ in addition to other factors. 
NOTE: Apparently ‘MBSR Indication’ cannot be reused for this purpose, since MWAB can connect through any gNB whereas MBSR connects through IAB-donor only. MWAB is also different from MBSR since it uses PDU session as backhaul leading to a different treatment required from the 5GC for MWAB-UE viz-a-viz MBSR-IMT. It has RAN dependency.
Functions required at new entities
Mobile gNB with wireless access backhauling (MWAB): Support N2, N3 and OAM communication backhauling via MWAB-UE established PDU session.

* * * End of Changes * * * 
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