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[bookmark: _Ref528762725][bookmark: OLE_LINK1][bookmark: OLE_LINK2]1 Introduction
In the RAN#102 meeting, a new SID[1] which studies on additional topological enhancements for NR is approved.
The SI will be categorized into study on Wireless Access Backhaul (WAB) and 5G Femto.
The objectives of the Wireless Access Backhaul (WAB) study are as follows:
	
-	Study the support of WAB including [RAN3, RAN2]:
-	Study the architecture and protocol stack of supporting a gNB with MT function providing PDU session backhaul.
-	Study impact of WAB mobility within an existing RAN (e.g., inter-gNB neighbour relations).
-	Identify necessary inter-gNB- and gNB-to-CN signalling to address the support of WAB.
-	Study signalling enhancements on resource multiplexing for WAB.
NOTE 1: No impact on the UE.
[bookmark: _Hlk153245550]NOTE 2: Coordination with other WGs (e.g. SA2) when needed.


In this contribution, we will discuss the architecture and protocol stack of supporting a gNB with MT function providing PDU session backhaul, i.e., the first part of the study, and a TP for architecture and protocol stack of WAB is provided in Annex. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]2 Discussion
2.1	Architecture
Per SID description, the objectives of WAB study include study architecture of supporting a gNB with MT function providing PDU backhaul. The gNB and MT function are assumed to be what a WAB-node should include, and they can be called WAB-gNB and WAB-MT. As noted by SID, WAB should have no impact to UE, so the gNB function in WAB-node should provide legacy NR access to UE, access to 5GC for UE as well as access to other RAN-nodes.
Proposal 1-1: WAB-node is a RAN-node providing NR access to UEs and supporting backhauling UEs’ traffic and signaling. 
Proposal 1-2: A WAB-node includes a WAB-gNB and a co-located WAB-MT. The WAB-gNB is the gNB functionality that terminates NR Uu interface to UEs and provides access to 5GC for UEs and also access to other RAN-nodes.
The MT function in WAB-node is assumed to provide backhaul of UE’s traffic and signaling to parent RAN-node. The WAB-MT should support to connect with network using the procedures of UEs. So, the WAB-MT should access to a RAN-node via Uu interface and access to core network using NAS. As described in SID, single-hop backhauling is sufficient for WAB, that means WAB-MT should connect via Uu interface to a WAB-donor which acts as a RAN-node. 
Proposal 1-3: WAB-MT is function that terminates Uu interface to WAB-donor using the procedures and behaviors of UEs.
RAN3 should discuss what kind of RAN-node the WAB-donor should act. The WAB-donor may support function of a 5G RAN-node. 5G RAN-node have 3 types, i.e., gNB, ng-eNB and en-gNB. The definition is as below [2] [3]:
· gNB: node providing NR user plane and control plane protocol terminations towards the UE, and connected via the NG interface to the 5GC.
· ng-eNB: node providing E-UTRA user plane and control plane protocol terminations towards the UE, and connected via the NG interface to the 5GC.
· en-gNB: node providing NR user plane and control plane protocol terminations towards the UE, and acting as Secondary Node in EN-DC.
If WAB-donor acts as an en-gNB, the WAB-MT will access to EPC then EPC should be enhanced to support WAB. Whereas, if WAB-donor acts as gNB or ng-eNB, the WAB-MT will access to 5GC then 5GC needs to support WAB. It is proposed WAB-donor can be a RAN-node with gNB or ng-gNB function which provides wireless backhaul to WAB-node and access to 5GC for WAB-MT. Accordingly, WAB-MT should be able to access a WAB-donor using E-UTRAN Uu or NR Uu. 
Considering the potential impact to EPC and load of the study item for WAB, we suggest RAN3 further discuss whether WAB-donor can also act as an en-gNB.
Proposal 1-4: WAB-donor can act as a gNB or ng-eNB which provides wireless backhaul to WAB-node and access to 5GC for WAB-MT. RAN3 further study whether WAB-donor can also act as an en-gNB.
If WAB-donor acts as a gNB or ng-eNB, the overall architecture can be shown in Figure 1. The WAB-node in Figure 1 is a NG-RAN relay providing NR access to UEs and supporting backhauling UEs’ traffic and signaling. The WAB-node includes function of a gNB and MT. The gNB function in WAB-node can provide access to 5GC for UEs and may also provide access to other RAN-nodes, e.g., connecting with the WAB-donor via Xn interface. The WAB-node can connect with one or multiple AMFs for UE. The MT function in WAB-node terminates Uu interface to WAB-donor using the procedures and behaviors of UEs. The WAB-donor can be a RAN-node with function of gNB or ng-eNB which provides wireless backhaul to WAB-node and access to 5GC for WAB-MT.


Figure 1 WAB architecture
2.2 Backhauling function of WAB
The traffic and signaling of a UEs which connect to the WAB-node should be backhauled by the WAB-node. Based on Figure 1 where WAB-MT accesses to 5GC, the backhauling function of WAB-node is realized by PDU session of the WAB-MT between the WAB-MT and the UPF of WAB-MT, called BH PDU session. The BH PDU session is used for backhauling NG and Xn connections of the WAB-gNB. Wherein, NG-U of WAB-gNB is used to carry the UE’s PDU session to the UE’s UPF, and NGAP can be used to transmit NAS messages of UEs to 5GC. In addition, the BH PDU session can also be used for backhauling OAM traffic of WAB-gNB.
To facilitate above backhauling, the WAB-MT takes the role of mapping IP packets of NG and Xn connections of the WAB-gNB to QoS flows of the BH PDU session and mapping the QoS flows of BH PDU session to DRBs of the WAB-MT on backhaul link to the WAB-gNB. And the UPF of WAB-MT takes the role of forwarding IP packets of NG and Xn connections of the WAB-gNB to the core network and other gNBs correspondingly via IP layer routing.
Proposal 2-1: The BH PDU session for WAB-MT is used for backhauling NG/Xn connections of the WAB-MT’s located WAB-gNB and also OAM traffic of the WAB-gNB.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Since the BH PDU session for above backhauling will be anyway transferred by the WAB-donor, latency of the traffic and signaling can be reduced as much as possible if the WAB-MT’s UPF for the BH PDU session is located at the WAB-donor.
Proposal 2-2: The WAB-MT’s UPF for BH PDU session can be located at the WAB-donor.
The general functions of WAB-node backhauling can be illustrated as below, where UE’s UPF for UE’s PDU session is located at 5GC:


Figure 2 Backhauling function diagram for WAB-node
2.3 Protocol stacks of WAB
As observed in Figure 2, the IP layer of NG-U for WAB-gNB which carries UE’s PDU session is transmitted over DRBs for the BH PDU session of WAB-MT. The IP packets transferring between the WAB-MT’s UPF and the UE’s UPF using IP layer routing.
The u-plan protocol stack for NG-U backhauling, where WAB-MT’s UPF locates in the WAB-donor, can be illustrated by Figure 3 as below. 


Figure 3 U-plane protocol stack of WAB for NG-U backhauling
Similarly, the IP layer of NGAP (or XnAP) of WAB-gNB is carried over DRBs for the BH PDU session of WAB-MT. The IP packets transferring between the WAB-MT’s UPF and the UE’s AMF (or between the WAB-MT’s UPF and other gNBs) use IP layer routing.
The c-plane protocol stack for NGAP and XnAP backhauling are shown in Figure 4-1 and Figure 4-2 respectively, where WAB-MT’s UPF is located at the WAB-donor.


Figure 4-1 C-plane protocol stack of WAB for NGAP backhauling


Figure 4-2 C-plane protocol stack of WAB for XnAP backhauling
To access the 5GC, WAB-MT should establish SRBs (carrying RRC) with the WAB-donor. The NAS messages of WAB-MT are delivered over RRC and NGAP of the WAB-donor to AMF of WAB-MT. The protocol stack for SRB of WAB-MT is shown in Figure 5.


Figure 5 Protocol stack for IAB-MT’s RRC and NAS
2.4	Support of MEC and local services
In the above architecture for WAB, the endpoint of the UE's PDU session is located in 5GC. Due to that, all the UE’s traffic needs to be processed in 5GC, which will cause large latency in some cases, e.g., when the UE PDU session is set up for local services. Since WAB should provide a broader range of use cases as justified by SID[1], such as support for onboard/on-site MEC and local services, the relevant optimization shall be considered. In our view. the endpoint of the UE’s PDU session can be located at the WAB node or the WAB-donor, so that UE’s traffic can be diverted to the device where local service is deployed. In that way, the traffic delay can be shorten and communication efficiency is improved. 
Proposal 3: The UE’s UPF can be located at WAB node or WAB-donor.
 The architectures for UE’s UPF locating at WAB-node or WAB-donor are shown as below:


Figure 6 UE’s UPF located at WAB node for onboard/on-site MEC and local services


Figure 7 UE’s UPF located at WAB donor for onboard/on-site MEC and local services
UE’s UPF is located at WAB node in Figure 6, and located at WAB donor in Figure 7. Note that if UE’s UPF is located at WAB node, UE’s PDU session does not need to be backhauled by BH PDU session.
Since UE's UPF is moved to the WAB node or WAB donor, the corresponding user-plane protocol stacks for WAB are shown as below:


Figure 8 UE’s UPF located at WAB node for onboard/on-site MEC and local services


Figure 9 UE’s UPF located at WAB donor for onboard/on-site MEC and local services
Note that NAS can only be located in 5GC(AMF) and the XnAP/NGAP endpoints of WAB-node’s Xn/NG connections are located at other gNB/5GC as usual. The control-plane illustrated in Figure 4-1 and Figure 4-2 can be reused, regardless of where UE’s UPF is located. 
3 Conclusion
In the previous sections we made the following proposals:
Proposal 1-1: WAB-node is a RAN-node providing NR access to UEs and supporting backhauling UEs’ traffic and signaling. 
Proposal 1-2: A WAB-node includes a WAB-gNB and a co-located WAB-MT. The WAB-gNB is the gNB functionality that terminates NR Uu interface to UEs and provides access to 5GC for UEs and also access to other RAN-nodes.
Proposal 1-3: WAB-MT is function that terminates Uu interface to WAB-donor using the procedures and behaviors of UEs.
Proposal 1-4: WAB-donor can act as a gNB or ng-eNB which provides wireless backhaul to WAB-node and access to 5GC for WAB-MT. RAN3 further study whether WAB-donor can also act as an en-gNB.
Proposal 2-1: The BH PDU session for WAB-MT is used for backhauling NG/Xn connections of the WAB-MT’s located WAB-gNB and also OAM traffic of the WAB-gNB.
Proposal 2-2: The WAB-MT’s UPF for BH PDU session can be located at the WAB-donor.
Proposal 3: The UE’s UPF can be located at WAB node or WAB-donor.
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[bookmark: _Toc2086437]3	Definitions and abbreviations
[bookmark: _Toc2086438]3.1	Definitions
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
WAB-node	RAN node that provides NR access to UEs and supports backhauling UE’s traffic and signaling.
WAB-donor	gNB or ng-eNB that provides the wireless backhauling to WAB-node, the access to the 5GC for WAB-MT via NG interface.
WAB-MT	Function included in WAB-node that terminates Uu interface to WAB-donor using the procedures and behaviours of UEs.
WAB-gNB	gNB functionality supported by the WAB-node that terminates NR-Uu to UEs, and provides access to the 5GC for UEs via NG interface also access to other RAN-nodes.
[bookmark: _Toc2086440]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
[bookmark: clause4]WAB	Wireless Access Backhaul
BH	Backhaul
[bookmark: tsgNames]4	Wireless Access Backhaul (WAB)
4.1	General
4.2	WAB Architecture
Editor Note: Architecture and protocol stack to support a gNB with MT function providing PDU session backhaul.
Wireless Access Backhaul (WAB) supports relaying in NG-RAN. The WAB-node, i.e., the relay node, supports access and backhauling in NG-RAN. 
The WAB-node supports gNB functionality to terminate NR Uu to UEs and provide access to the 5GC for UEs via NG interface, also access to other RAN-node, e.g., via Xn interface. The gNB functionality in WAB-node is referred to as WAB-gNB. The WAB-node can connect with one or multiple AMFs for UE. In addition, the WAB-node supports UE functionality which is referred to as WAB-MT to connect with a WAB-donor via Uu interface. The WAB-donor is a gNB or ng-eNB with the additional function to support wireless backhaul to the WAB-node. Also, the WAB-donor supports the access to 5GC for WAB-MTs via NG interface.
The architecture for WAB is shown in Figure 5.2-1, where the WAB-donor acts as a gNB or ng-eNB.



Figure 4.2-1 WAB architecture
The backhauling functionality of WAB-node is realized by the PDU session set up for the WAB-MT, which is referred to as BH PDU session. The BH PDU session is used for backhauling NG and Xn connections of the WAB-gNB which is co-located with the WAB-MT. In addition, the BH PDU session can also be used for backhauling OAM traffic of the WAB-gNB. The PDU session for UEs connecting with the WAB-node is transferred to UEs’ UPF via NG-U between the WAB-gNB and UE’s UPF. And UEs’ NAS messages are transferred to AMF(s) for UEs over NGAP between the WAB-gNB and AMF(s) for the UEs.
The WAB-MT takes the role of mapping IP packets of NG and Xn connections of the WAB-gNB to QoS flows of BH PDU session and mapping the QoS flows of BH PDU session to DRBs of the WAB-MT on backhaul link to the WAB-gNB. The UPF of WAB-MT takes the role of forwarding IP packets of NG and Xn connections of the WAB-gNB to the core network and other gNBs correspondingly via IP layer routing. The UPF of WAB-MT for BH PDU session can be located at the WAB-donor. The backhauling function of the BH PDU session for NG connection (including NG-U and NGAP) of the WAB-gNB is shown in Figure 5.2-2. 


Figure 4.2-2 Backhauling function diagram for WAB-node
Figure 5.2-3 shows the protocol stack for NG-U between WAB-node and UE’s UPF. Figure 5.2-4 and Figure 5.2-5 show the protocol stack for NGAP between WAB-node and UE’s AMF, and the protocol stack for XnAP between WAB-node and other gNBs.
On the backhauling link, the IP layer of NG-U, NGAP and XnAP is carried over the Uu interface between the WAB-MT and the WAB-donor using DRBs of the WAB-MT. The IP packets are transferred between the WAB-MT’s UPF and the core network of UE (or between the WAB-MT’s UPF and other gNBs) via IP routing. The IP layer can also be used for OAM traffic.


Figure 4.2-3 U-plane protocol stack of WAB for NG-U backhauling


Figure 4.2-4 C-plane protocol stack of WAB for NGAP backhauling


Figure 4.2-5 C-plane protocol stack of WAB for XnAP backhauling
The WAB-MT also establishes SRBs (carrying RRC and NAS of the WAB-MT) with the WAB-donor. The NAS messages for WAB-MT are delivered to the AMF of WAB-MT over NGAP which is established between the WAB-donor and the AMF of WAB-MT. The protocol stack for SRB of WAB-MT is shown in Figure 5.2-5.


Figure 4.2-5 Protocol stack for IAB-MT’s RRC and NAS
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>End of TP<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
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