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1   Introduction
According to the TR [1], for architecture group 1, the UE DRBs could be multiplexed into the backhaul RLC channel at IAB node. Both one-to-one mapping and many to one mapping between UE DRB and backhaul RLC channel are discussed. On the other hand, for architecture group 2, the UE DRB also need to be multiplexed into the backhaul radio bearer between IAB nodes. In this contribution, we use backhaul bearer to denote the backhaul RLC bearer in architecture group 1 and RLC radio bearer in architecture group 2. We mainly discuss how to support the backhaul bearer setup in IAB network. 

2   Discussion
Generally speaking, the radio bearers to be supported in IAB network can be divided into following three categories:

· UE DRB associated with PDU session: 
UE or network may initiate the PDU session establishment procedure to support QoS flows of UE. Donor CU may determine to establish one or several DRBs and associated each accepted QoS flow of the PDU session to a DRB and then configure the UE to setup the DRBs associated with PDU session. 

· IAB node MT part’s DRB associated with PDU session
The IAB node MT part might be configured to establish DRBs associated with PDU sessions. These DRBs could be used to deliver the traffic generated by IAB node MT part itself, for example, the data traffic for OAM configuration.

· Backhaul bearers for data forwarding

In order to forward the data traffic originated from UE and MT part of IAB node, the backhaul bearers should be established on the intermediate IAB nodes along the forwarding path between UE/MT part of IAB node and donor DU/node. 
Generally speaking, the backhaul bearer might be setup on the intermediate IAB nodes along UE’s data forwarding path when UE is configured by donor CU/donor node to setup/modify the DRBs associated with PDU session. Then the backhaul bearers could be used for the user plane data forwarding of UE. In addition, the backhaul bearer might be setup on the intermediate IAB nodes when the data forwarding routing changes due to RLF or handover. Moreover, the backhaul bearer might be modified/released on intermediate IAB node when the UE bearer changes or route change. 

As we can see, for the MT part of IAB node, it might be configured with one or several access DRBs associated with PDU session. These DRBs are used to deliver the data traffic originated by MT part of IAB node. On the other hand, the MT part of IAB node might be configured with one or more backhaul bearers not associated with PDU session. These backhaul bearers are only used for the user plane data forwarding. For each UE/MT part of IAB node, the NG-RAN establishes one or more Data Radio Bearers (DRB) per PDU Session (at least one default DRB). The NG-RAN maps packets belonging to different PDU sessions to different DRBs. Since the backhaul bearer is not associated with PDU session, it would be better to setup backhaul bearers separately from access DRBs. On the other hand, the NG-RAN node shall enforce the traffic corresponding to the UE AMBR. The separation of backhaul bearer and access DRB of MT part of IAB node could facilitate the DU or gNB to allocate the radio resource not exceeding the AMBR of MT part of IAB node. 

Proposal 1: The backhaul bearer setup on the intermediate IAB nodes along UE’s data forwarding path might be triggered in the following scenarios: 1) when UE is configured by donor CU/donor node to setup/modify the DRBs associated with PDU session; 2) when the data forwarding routing changes due to RLF or handover. 
Proposal 2: Backhaul bearer is different from access DRB in that it is not associated with PDU session. So it would be better to setup backhaul bearers separately from access DRBs of MT part of IAB node. 

In this section, we present example for backhaul bearer management signalling procedure triggered by UE bearer setup for architecture 1 and architecture 2 respectively.
2.1   Backhaul bearer setup for architecture group 1
Suppose that donor CU has knowledge of the data forwarding path for an access UE, donor CU might be able to initiate the backhaul RLC bearer setup/modify procedure. As shown in Figure 1, access UE connected to DU part of IAB node 1, the MT part of IAB node 1 is served by DU part of IAB node 2, and the MT part of IAB node 2 is served by donor DU. 

1) Step 1: Suppose the UE or network initiated the PDU session establishment/modify request and a set of new QoS flows need to be supported for access UE, the NGC could send the PDU session resource setup/modify request message to donor CU. 

2) Step 2: Upon receiving the PDU session resource setup/modify request message, Donor CU determine if resources are available for the requested configuration. If yes, the donor CU may determine to establish one or several UE access DRBs and associate each accepted QoS flow of the PDU session to a DRB established or to be established. In addition, donor CU determines the backhaul RLC bearers need to be established or modified on intermediate IAB node to support these QoS flows along the data path.

3) Step 3-6: Then donor CU send the UE context modify request to donor DU, which contains the backhaul RLC bearer to be setup/modify/release list. Meanwhile donor DU sends the corresponding RRCReconfiguration message to MT part of the IAB node 2. Upon receiving the RRCReconfiguration message, the MT part of IAB node 2 performs the backhaul RLC bearer configuration, and send back RRCReconfigurationComplete message to donor DU. Once donor DU receive the RRCReconfigurationComplete message from MT part of IAB node 2, donor DU could send the UE context modification response message to donor CU, which contains the list of backhaul RLC bearers that are successfully established/modified and the list of backhaul RLC bearers that failed to be established/modified. 

4) From step 7~10, the donor CU performs the UE context modification procedure to DU part of IAB node 2 and establish/modify the backhaul RLC bearer between MT part of IAB node 1 and IAB node 2.

5) For step 11~14, the donor CU performs the UE context modification procedure to DU part of IAB node 1 and establish/modify the DRB between access UE and IAB node 1.

6)  Step 15: the donor CU report the PDU session resource setup/modify result to the NGC in the PDU session resource setup/modify response message.
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Figure 1 Illustration of backhaul bearer setup for Architecture 1

According to this signalling procedure, the donor CU should transmit the UE context setup/modify request message to donor DU as well as each intermediate IAB node along the data forwarding path. After that, donor DU and each intermediate IAB node transmit the RRCReconfiguration message to MT part of downstream IAB node to setup the backhaul bearer. 

However, not all the intermediate IAB node could successfully establish/modify the backhaul RLC bearers requested by donor CU. Suppose the set of backhaul RLC bearers accepted at each intermediate IAB node are different, the intermediate IAB nodes and donor DU may configure different number of backhaul RLC bearers. In addition, the donor CU could not distinguish the exact QoS flows that could not be supported by all the intermediate IAB nodes. Based on this observation, further enhancement is necessary for the backhaul bearer setup/modify procedure between DU and CU. For example, donor CU inquires each intermediate IAB node and serving IAB node about the DRBs/QoS flows that could be supported and wait for the response from each intermediate IAB node and serving IAB node. Then donor CU configures only the DRBs associated with QoS flows that is accepted by all the intermediate IAB node and serving IAB node.  

It should be noted that the aforementioned backhaul bearer setup procedure could be used for both one-to-one and many-to-one bearer mapping. For one-to-one bearer mapping, whenever the UE DRB is setup/modified/released, the backhaul bearer should be setup/modified/released correspondingly. Comparted to one-to-one bearer mapping, the IAB node only need to maintain backhaul RLC bearer with different QoS characteristics. When access UE establish a new DRB, it is likely that the intermediate IAB node along the data forwarding path has already setup a backhaul RLC bearer with similar QoS characteristics. Thus it is not necessary to establish one more new backhaul RLC bearer on the intermediate IAB node. 
Observation 1: Not all the intermediate IAB node could successfully establish/modify the UE DRBs and corresponding backhaul RLC bearers requested by donor CU. Donor CU need to first check if all the DU part of intermediate IAB nodes along the data forwarding path could accept the DRB/QoS flows requested from NGC. 
Proposal 3: For architecture group 1, it is suggested to consider the backhaul RLC bearer setup/modify procedure over F1 interface between DU and CU illustrated in Figure 1 as baseline. The details of further enhancements are FFS.
2.2   Backhaul bearer setup for architecture group 2

For architecture group 2, an example backhaul radio bearer setup procedure is presented in Figure 2. As we can see, access UE is connected to the DU part of IAB node 1. The MT part of IAB node 1 is served by DU part of IAB node 2, and the MT part of IAB node 2 is served by donor IAB node. Suppose the serving IAB node 1 of access UE has full knowledge of the data forwarding path for an access UE, serving IAB node 1 may negotiate with each intermediate IAB node along the data forwarding path for the backhaul radio bearer setup/modify/release.
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Figure 2 Illustration of backhaul radio bearer setup for architecture group 2
1) Step 1: Suppose the UE or network initiated the PDU session establishment/modify request and a set of new QoS flows need to be supported for access UE, the NGC could send the PDU session resource setup/modify request message to IAB node 1. 

2) Step 2: Upon receiving the PDU session resource setup/modify request message, IAB node 1 determine if resources are available for the requested configuration. If yes, the IAB node 1 may determine to establish one or several UE access DRBs and associate each accepted QoS flow of the PDU session to a DRB established or to be established. In addition, IAB node 1 determines the backhaul RLC bearers need to be established or modified on intermediate IAB node to support these QoS flows along the data path.

3) Step 3-6: Then IAB node 1 send the backhaul bearer setup/modify/release to donor IAB node, which contains the backhaul radio bearer to be setup/modify/release list. In addition, donor IAB node sends the corresponding RRCReconfiguration message to MT part of the IAB node 2. Upon receiving the RRCReconfiguration message, the MT part of IAB node 2 performs the backhaul radio bearer configuration, and send back RRCReconfigurationComplete message to donor IAB node. Once donor IAB node receive the RRCReconfigurationComplete message from MT part of IAB node 2, donor IAB node could send the backhaul bearer setup/modify/release complete message to IAB node 1, which contains the list of backhaul radio bearers that are successfully established/modified and the list of backhaul radio bearers that failed to be established/modified. 

4) From step 7~10, the IAB node 1 performs the backhaul radio bearer setup/modify/release procedure to IAB node 2 and establish/modify the backhaul radio bearer between MT part of IAB node 1 and IAB node 2.

5) For step 11~12, the IAB node 1 performs the DRB setup/modify/release procedure to access UE and establish/modify the DRB between access UE and IAB node 1.

6) Step 13: the IAB node 1 report the PDU session resource setup/modify result to the NGC in the PDU session resource setup/modify response message.

Alternatively, the donor IAB node might be responsible for negotiation with other intermediate IAB node along the data path as well as the serving IAB along the data path. For example, the NGC sends the PDU session resource setup/modify request to the donor IAB node of access UE. And donor IAB node performs the backhaul radio bearer setup/modify/release procedure with the downstream IAB node. 

On the other hand, similar to the backhaul RLC bearer setup procedure for architecture group 1, not all the intermediate IAB node could successfully establish/modify the backhaul radio bearers. This might requires the IAB node that initiate the backhaul radio bearer setup procedure to negotiate with all the intermediate IAB nodes to determine if resources are available along the data path. Based on the feedback from all the concerned IAB nodes, the IAB node that initiate the backhaul radio bearer setup procedure could determine the DRBs and QoS flows that could be successfully accepted. 
Proposal 4: For architecture group 2, it is suggested to consider the backhaul radio bearer setup procedure over Xn interface between IAB nodes as illustrated in Figure 2. The details of further enhancements are FFS.
3   Conclusion
In this contribution, we mainly discussed how to support the backhaul bearer setup in IAB network. And we have the following observations and proposals:
Proposal 1: The backhaul bearer setup on the intermediate IAB nodes along UE’s data forwarding path might be triggered in the following scenarios: 1) when UE is configured by donor CU/donor node to setup/modify the DRBs associated with PDU session; 2) when the data forwarding routing changes due to RLF or handover. 
Proposal 2: Backhaul bearer is different from access DRB in that it is not associated with PDU session. So it would be better to setup backhaul bearers separately from access DRBs of MT part of IAB node. 

Observation 1: Not all the intermediate IAB node could successfully establish/modify the UE DRBs and corresponding backhaul RLC bearers requested by donor CU. Donor CU need to first check if all the DU part of intermediate IAB nodes along the data forwarding path could accept the DRB/QoS flows requested from NGC. 
Proposal 3: For architecture group 1, it is suggested to consider the backhaul RLC bearer setup/modify procedure over F1 interface between DU and CU illustrated in Figure 1 as baseline. The details of further enhancements are FFS.
Proposal 4: For architecture group 2, it is suggested to consider the backhaul radio bearer setup procedure over Xn interface between IAB nodes as illustrated in Figure 2. The details of further enhancements are FFS.
4   Reference
[1] TR 38.874, v050.

5   Appendix
5.1   Text proposal to TR 38.874
<<TP start>>
9.x
Backhaul bearer setup

Generally speaking, the backhaul bearer denotes the backhaul RLC bearer for architecture group 1 or backhaul radio bearer for architecture group 2. It might be setup on the intermediate IAB nodes along UE’s data forwarding path when UE is configured by donor CU/donor node to setup/modify the DRBs associated with PDU session or when the data forwarding routing changes due to RLF or handover. Moreover, the backhaul bearer might be modified/released on intermediate IAB node when the UE bearer changes or route change.
9.x.1 Backhaul bearer setup for architecture group 1
Suppose that donor CU has knowledge of the data forwarding path for an access UE, donor CU might be able to initiate the backhaul RLC bearer setup/modify procedure. As shown in Figure 9.x.1-1, access UE connected to DU part of IAB node 1, the MT part of IAB node 1 is served by DU part of IAB node 2, and the MT part of IAB node 2 is served by donor DU. 

7) Step 1: Suppose the UE or network initiated the PDU session establishment/modify request and a set of new QoS flows need to be supported for access UE, the NGC could send the PDU session resource setup/modify request message to donor CU. 

8) Step 2: Upon receiving the PDU session resource setup/modify request message, Donor CU determine if resources are available for the requested configuration. If yes, the donor CU may determine to establish one or several UE access DRBs and associate each accepted QoS flow of the PDU session to a DRB established or to be established. In addition, donor CU determines the backhaul RLC bearers need to be established or modified on intermediate IAB node to support these QoS flows along the data path.

9) Step 3-6: Then donor CU send the UE context modify request to donor DU, which contains the backhaul RLC bearer to be setup/modify/release list. Meanwhile donor DU sends the corresponding RRCReconfiguration message to MT part of the IAB node 2. Upon receiving the RRCReconfiguration message, the MT part of IAB node 2 performs the backhaul RLC bearer configuration, and send back RRCReconfigurationComplete message to donor DU. Once donor DU receive the RRCReconfigurationComplete message from MT part of IAB node 2, donor DU could send the UE context modification response message to donor CU, which contains the list of backhaul RLC bearers that are successfully established/modified and the list of backhaul RLC bearers that failed to be established/modified. 

10) From step 7~10, the donor CU performs the UE context modification procedure to DU part of IAB node 2 and establish/modify the backhaul RLC bearer between MT part of IAB node 1 and IAB node 2.

11) For step 11~14, the donor CU performs the UE context modification procedure to DU part of IAB node 1 and establish/modify the DRB between access UE and IAB node 1.

12)  Step 15: the donor CU report the PDU session resource setup/modify result to the NGC in the PDU session resource setup/modify response message.

[image: image3.emf]Access UE

DU DU

Donor DU

MT MT

1.PDU session resource 

setup/modifyrequest

3. UE context modify request 

(RRCReconfiguration)

UE traffic

Donor CU 

4. RRCReconfiguration

0. PDU session establishment/modify requested by access UE

/

network

2. admission control for QoS flows and determine 

the DRB(s) that should be setup/modify

NGC

6. UE context modify response

7. UE context modify request (RRCReconfiguration)

8. RRCReconfiguration

10. UE context modify response

11. UE context modify request (RRCReconfiguration)

12. RRCReconfiguration

14. UE context modify response

15. PDU session setup /modify response

IAB node 1 IAB node 2

5. RRCReconfigurationComplete

9. RRCReconfigurationComplete

13. RRCReconfigurationComplete


Figure 9.x.1-1 Illustration of backhaul bearer setup for Architecture 1

As a matter of fact, not all the intermediate IAB node could successfully establish/modify the backhaul RLC bearers requested by donor CU. Suppose the set of backhaul RLC bearers accepted at each intermediate IAB node are different, the intermediate IAB nodes and donor DU may configure different number of backhaul RLC bearers. In addition, the donor CU could not distinguish the exact QoS flows that could not be supported by all the intermediate IAB nodes. Based on this observation, further enhancement is necessary for the backhaul bearer setup/modify procedure between DU and CU. The details are FFS.  

9.x.2 Backhaul bearer setup for architecture group 2

For architecture group 2, an example backhaul radio bearer setup procedure is presented in Figure 9.x.2-2. Access UE is connected to the DU part of IAB node 1. The MT part of IAB node 1 is served by DU part of IAB node 2, and the MT part of IAB node 2 is served by donor IAB node. Suppose the IAB node 1 of access UE has knowledge of the data forwarding path for access UE, IAB node 1 may negotiate with each intermediate IAB node along the data forwarding path for the backhaul radio bearer setup/modify/release.
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Figure 2 Illustration of backhaul radio bearer setup for architecture group 2
1) Step 1: Suppose the UE or network initiated the PDU session establishment/modify request and a set of new QoS flows need to be supported for access UE, the NGC could send the PDU session resource setup/modify request message to IAB node 1. 

2) Step 2: Upon receiving the PDU session resource setup/modify request message, IAB node 1 determine if resources are available for the requested configuration. If yes, the IAB node 1 may determine to establish one or several UE access DRBs and associate each accepted QoS flow of the PDU session to a DRB established or to be established. In addition, IAB node 1 determines the backhaul RLC bearers need to be established or modified on intermediate IAB node to support these QoS flows along the data path.

3) Step 3-6: Then IAB node 1 send the backhaul bearer setup/modify/release to donor IAB node, which contains the backhaul radio bearer to be setup/modify/release list. In addition, donor IAB node sends the corresponding RRCReconfiguration message to MT part of the IAB node 2. Upon receiving the RRCReconfiguration message, the MT part of IAB node 2 performs the backhaul radio bearer configuration, and send back RRCReconfigurationComplete message to donor IAB node. Once donor IAB node receive the RRCReconfigurationComplete message from MT part of IAB node 2, donor IAB node could send the backhaul bearer setup/modify/release complete message to IAB node 1, which contains the list of backhaul radio bearers that are successfully established/modified and the list of backhaul radio bearers that failed to be established/modified. 

4) From step 7~10, the IAB node 1 performs the backhaul radio bearer setup/modify/release procedure to IAB node 2 and establish/modify the backhaul radio bearer between MT part of IAB node 1 and IAB node 2.

5) For step 11~12, the IAB node 1 performs the DRB setup/modify/release procedure to access UE and establish/modify the DRB between access UE and IAB node 1.

6) Step 13: the IAB node 1 report the PDU session resource setup/modify result to the NGC in the PDU session resource setup/modify response message.

Alternatively, the donor IAB node might be responsible for negotiation with other intermediate IAB node along the data path as well as the serving IAB along the data path. For example, the NGC sends the PDU session resource setup/modify request to the donor IAB node of access UE. And donor IAB node performs the backhaul radio bearer setup/modify/release procedure with the downstream IAB node. 

On the other hand, similar to the backhaul RLC bearer setup procedure for architecture group 1, not all the intermediate IAB node could successfully establish/modify the backhaul radio bearers. This might requires the IAB node that initiate the backhaul radio bearer setup procedure to negotiate with all the intermediate IAB nodes to determine if resources are available. The details are FFS.
<<TP end>>
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