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1. Introduction
During last RAN3 meeting, the IAB architecture and protocol stacks are discussed. Moreover, five alternative relay architectures are presented in a way forward for IAB Architecture for L2/3 relaying [1]. In this contribution, we mainly discuss three alternative relay architectures (i.e. architecture 1a, 1b, 2a) from the five IAB architectures proposed in the way forward. And then we discuss some potential issues with regard to the IAB architecture and data forwarding. 
2. Discussion 
2.1 IAB architectures 
In the way forward for IAB Architecture for L2/3 relaying [1], five architectures are presented and are divided into two architecture groups. Architecture group 1 consists of architectures 1a and 1b. Adaptation layer is introduced in architecture group 1 for relaying. Architecture group 2 consists of architectures 2a and 2b and 2c. In Architecture group 2, UE traffic is relayed via concatenated PDU sessions of adjacent backhaul links or nested GTP tunnels. Considering that architectures 2b and 2c is not scalable to hop-count which is agreed to be considered as an important KPI in the last RAN2 AH meeting, we focus on architecture 1a, 1b and 2a in this contribution. 
2.1.1 Architecture 1a
As presented in [1], the characteristic of architecture 1a is that an adaptation layer or GTP-U combined with an adaptation layer is used for backhauling of F1-U data packets, which is illustrated in Figure 1. In architecture 1a, CU/DU split deployment is assumed and IAB node has the functionality of DU and MT, while IAB donor has the functionality of DU and CU. In this architecture, UE traffic doesn’t need to go through IAB node’s UPF. That means IAB node’s PDU session is not established for the relaying of UE traffic while IAB node’s RLC channel is used for the relaying of UE traffic. 

[image: image1.emf]MT

UE

IAB Node

IAB Node

IAB Donor

MT

NR Uu

NG

DU

F1*

NGC

DU CU DU

F1*

NR Uu

RLC/Adapt

RLC/Adapt

UE

UE

NR Uu NR Uu

NR Uu

GTP-U

UDP

IP

L1/L2

RLC/Adapt

PHY/MAC

F1-U*

F1-U

RLC*/Adapt*

PHY/MAC

F1-U* GTP-U


Figure 1: Reference diagram for architecture 1a
The protocol stacks for two options for architecture 1a (i.e. one is routing via an adaptation layer, the other one is routing via GTP-U combined with an adaptation layer) are depicted and discussed in the below. 
2.1.1.1 Architecture 1a-1. via adaptation layer 
In architecture 1a-1, UE F1-U data packets are relayed via an adaptation layer. In our opinion, the adaptation layer should be above RLC. Due to the segmentation functionality of RLC layer, each RLC segments should be encapsulated with the complete information of adaptor layer. If the adaptation layer is introduced between RLC and MAC layer or the functionality of adaptation layer is implemented in the RLC or MAC layer, much more radio resource overhead of adaptation layer is needed. Two potential protocol stacks for architecture 1a-1 is illustrated in figure 2 and figure 3 respectively. 
· Alt 1. the adaptation layer is terminated in the donor DU
In one potential protocol stack, the adaptation layer is terminated in the donor DU (i.e. DU collocated with CU in the IAB donor or the donor DU which has wired connection with the donor CU) and the existing F1 interface is used between donor DU and donor CU, as shown in figure 2. For the uplink data forwarding, the donor DU should be able to identify which UE and bearer the data packet belongs to and deliver it to the corresponding CU. And for the downlink data forwarding, donor DU and intermediate IAB node should be aware of the destination DU of the UE data packet. Furthermore, the donor DU shall be aware of the UE and bearer the UE data packets belongs to and encapsulate these information in the adaptation layer.  
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Figure 2 Protocol stack option 1 for architecture 1a-1
· Alt 2. the adaptation layer is terminated in the donor CU
In another potential protocol stack, the adaptation layer is terminated in the donor CU, as shown in figure 3. In this scenario, a modified F1 interface is used between IAB donor DU and IAB donor CU, i.e. an adaptation layer is introduced in the added above GTP/UDP/IP. The adaptation layer can be used to deliver the destination, UE information and bearer information. That means no mapping between F1 GTP tunnel and destination/UE’s bearer is needed in the donor DU. In this architecture, GTP tunnel between donor DU and donor CU may be not needed to be established, i.e. GTP/UDP/IP may be not needed in the interface between donor DU and donor CU. 
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Figure 3 Protocol stack option 2 for architecture 1a-1
2.1.1.2 Architecture 1a-2. via adaptation layer + GTP-U
In architecture 1a-2, UE F1-U data packets are delivered in GTP-U tunnel without UDP/IP and is relayed via an adaptation layer. Several potential protocol stack for architecture 1a-2 is illustrated in figure 4a, 4b and figure 5, assuming adaptation layer above RLC is adopted. 
· Alt 1. the adaptation layer is terminated in the donor DU
In one potential protocol stack, the adaptation layer is terminated in the donor DU and there is no adaptation layer in the donor CU. As shown in figure 4, two GTP tunnel is established for the delivery of UE F1-U data packets, one is between the serving IAB node and the donor DU and the other one is between donor DU and donor CU. In this architecture, a functionality of F1-U proxy is implemented in the donor DU. That means mapping between F1 GTP tunnel between the serving IAB node and the donor DU, and F1 GTP tunnel between the donor DU and the donor CU should be configured in the donor DU. 
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Figure 4. Protocol stack option 1 for architecture 1a-2
Similar as architecture 1a-1, for the uplink data forwarding, the donor DU should be able to identify which UE and bearer the data packet belongs to and deliver it to the corresponding CU. And for the downlink data forwarding, donor DU and intermediate IAB node should be aware of the destination DU of the UE data packet. 
· Alt 2. the adaptation layer is terminated in the donor CU
In another potential protocol stack, the adaptation layer is terminated in the donor CU, as shown in figure 5. In this situation, the adaptation layer is used in the interface between donor DU and donor CU. The end-to-end F1 GTP tunnel between the serving IAB node and the donor CU is established to deliver UE F1-U data packets which is relayed via intermediate IAB node transparently. While the F1 GTP tunnel between the donor DU and the donor CU is established to deliver data packets between donor DU and donor CU. In this architecture, the adaptation layer can be used to deliver the destination, UE information and bearer information, i.e. no mapping is needed in the donor DU.  
[image: image5.png]UE IAB node 1 IAB node 2 IAB donor UPF of UE
PDU e —f— | PDU
SDAP | SDAP GTPU i GTPU
PDCP 1 PDCP UDP 1 UDP

GPU I = Pl P
Adaptor Adaptor Adaptor } Adaptor Adaptor Adaptor }
RLC RLC RLC RLC RLC [ e GTPU GTPU |
| e || Lz
MAC MAC MAC MAC MAC } MAC [0 uoP 1
PHY. PHY. PHY. PHY PHY } PHY. Lz L2 1
| L





Figure 5. Protocol stack option 3 for architecture 1a-2
Proposal 1: The adaptation layer should be introduced above RLC to minimize the radio resource overhead of adaptation layer.
Proposal 2: It is suggested that the adaptation layer terminates in donor DU, i.e. DU collocated with CU in the IAB donor or the donor DU which has wired connection with the donor CU. 
Proposal 3: For architecture 1a, assuming adaptation layer and GTP-U is used, it should be discussed whether two hop or end-to-end GTP tunnel is established between serving IAB node and donor CU.  
2.1.2 Architecture 1b
According to [1], the characteristic of architecture 1b is that the UE F1-U data is delivered via serving IAB node’s PDU session. And the serving IAB node’s PDU session is routed transparently via intermediate IAB nodes via adaptation layer, as illustrated in Figure 6. In this architecture, CU/DU split deployment is assumed and IAB node has the functionality of DU and MT, while IAB donor has the functionality of DU, CU, and UPF. UE traffic needs to go through serving IAB node’s UPF (i.e. doesn’t need to go through all the IAB nodes’ UPFs) which is located in the IAB donor. In other words, serving IAB node’s PDU session is used for the delivery of UE’s data packets. While for the intermediate IAB node, RLC channel is used for the relaying of UE traffic. 
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Figure 6: Reference diagram for architecture 1b
The protocol stack of architecture 1b is depicted in figure 7. In our opinion, architecture 1b is a hybrid of architecture 1a and 2b. The functionality of serving IAB node is the same as architecture 2b, i.e. UE F1-U data packets are regarded as serving IAB node’s own data packets and are mapped to serving IAB node’s QoS flow. While the functionality of intermediate IAB node is the same as architecture 1a, i.e. UE data packets are relayed via RLC channel based on adaptation layer. In this architecture, complete radio protocol is needed in the serving IAB node when encapsulating UE’s data packets which would lead to much more overhead on the radio resource. 
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Figure 7. Protocol stacks for architecture 1b
Observation 1: In architecture 1b, complete radio protocol is needed in the serving IAB node when encapsulating UE’s data packets which would lead to much more overhead on the radio resource. 
2.1.3 Architecture 2a
According to [1], the characteristic of architecture 2a is that the UE NG-U data packets (F1-U data packets for DU/CU split case) are delivered via several concatenated PDU sessions on each backhaul link if non DU/CU split is assumed. The NG interface is terminated in the serving IAB node. The routing is performed in the IAB node’s UPF based on IP layer. The serving IAB node has the functionality of gNB and MT, the intermediate IAB node has the functionality of gNB, UPF and MT, while the IAB donor has the functionality of gNB and UPF. UE traffic needs to go through each IAB node’s UPF which is located in the parent node. 
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Figure 8: Reference diagram for architecture 2a
The protocol stack of architecture 2a is depicted in figure 9. On each backhaul link, UE NG-U data packets are regarded as IAB node’s own data packets and are mapped to IAB node’s QoS flow which is transmitted to the next hop node. In this architecture, complete radio protocol is needed in each IAB node when encapsulating UE’s data packets which would lead to much more overhead on the radio resource. 
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Figure 9. Protocol stacks for architecture 2a
Observation 2: In architecture 2a, complete radio protocol is needed in each IAB node when encapsulating UE’s data packets which would lead to much more overhead on the radio resource. However, architecture 2a is simpler and less standardization work is needed comparing with architecture 1a/1b since the routing is performed in the IAB node’s UPF based on IP layer. 
2.2 Other issues
2.2.1 Routing mechanism   
In architecture 1a, adaptation layer is introduced for routing purpose. With regard to uplink data forwarding, upon receiving data packets from UE, the serving IAB node (i.e. IAB node 1) shall determine the destination of the UE F1-U data packets, e.g. the donor DU ID or donor CU ID. Specifically, the destination of the UE F1-U data packets could be determined based on the UE context which could be configured in the IAB node 1 via F1 UE context setup procedure. For example, the destination information could be configured for each established radio bearer of the UE. And then IAB node 1 shall determine the next hop of the received UE F1-U data packets based on the destination and the routing table. 
In order to enable the routing of UE data packets in the intermediate IAB nodes, routing information (e.g. destination ID, path ID) shall be encapsulated in the header of adaptation layer by the serving IAB node. Furthermore, since data packets from different UEs and different radio bearers may be multiplexed in the same radio bearer of intermediate IAB node, the corresponding UE identity and bearer information of the UE data packets should also be contained in the adaptation layer. In this way, intermediate IAB node could determine the next hop according to the routing information in the adaptation layer and the routing table. 
For the donor DU, assuming the adaptation layer terminates in the donor DU (i.e. adaptation layer is not introduced in the donor CU), mapping information between the UE’s radio bearer and GTP tunnel shall be configured in the Donor DU, so that donor CU could identify which UE and bearer the data packet belongs to and deliver it to the corresponding PDCP entity. Alternatively, GTP tunnel information configured in the serving IAB node by the donor CU could be delivered in the adaptation layer header and the donor DU could encapsulate the GTP tunnel information obtained in the adaptation layer in the GTP-U header of F1 interface between donor DU and donor CU to indicate the UE and bearer. 
For downlink data forwarding, assuming the adaptation layer terminates in the donor DU, the donor DU should be able to derive the destination and the UE’s radio bearer of the UE packets received from F1 GTP tunnel between donor DU and donor CU. Mapping information between GTP tunnel and destination UE’s radio bearer should be configured in the donor DU. 
Proposal 4: In architecture 1a, the serving IAB node and the IAB donor shall determine the destination of the UE F1-U data packets. The serving IAB node or IAB donor shall encapsulate routing information (and UE and bearer information for architecture 1a-1) in the adaptation layer header for the purpose of data forwarding. 
Proposal 5: In architecture 1a, assuming the adaptation layer terminates in the donor DU, mapping information between the UE’s radio bearer/destination and GTP tunnel shall be configured in the Donor DU for the uplink and downlink data forwarding.  
In architecture 1b, UE F1-U data packets are encapsulated with GTP-U header and are routed via adaptation layer. In this architecture, UE identity and bearer ID is not needed to be contained in the adaptation layer since the serving IAB node or the IAB donor CU could identify the corresponding UE and UE’s radio bearer according to the F1 GTP tunnel information. 
Proposal 6: In architecture 1b, UE identity and bearer ID does not need to be contained in the adaptation layer.  
As analyzed above, adaptation layer is introduced and the information contained in the header of adaptation layer is used for the routing of UE traffic in architecture 1a and 1b. While in architecture 2a, UE traffic is delivered via several concatenated PDU sessions on each backhaul link. Legacy IP routing mechanism is used for the data forwarding which is performed in the IAB node’s UPF.  
2.2.3 Bearer mapping and QoS support
In architecture 1a, for uplink data forwarding, the serving IAB node shall perform the bearer mapping between the UE’s radio bearer and IAB node’s radio bearer. And the intermediate IAB node shall perform the bearer mapping between IAB node’s radio bearers. Upon receiving data packets from UE or child IAB node, the parent IAB node could derive the QoS information (i.e. 5QI) of the received data packet according to the radio bearer it belongs to. The parent IAB node (i.e. act as a UE) could check the configured QoS rules and then map the data packet to the corresponding radio bearer which is associated with the same 5QI as the received radio bearer. Alternatively, upon receiving data packets from UE or child IAB node, the IAB node could perform 5QI--->DSCP mapping. And then the IAB node could map the data packets to a radio bearer using configured DSCP based QoS rules.
For downlink data forwarding, donor CU could perform DSCP marking in the IP header of UE data packets. The donor DU could perform a DSCP--->5QI mapping if the mapping table is configured. And then the donor DU could deliver the data packet to the next hop using the radio bearer associated with the corresponding 5QI. For intermediate IAB node, it could derive the QoS information (i.e. 5QI) of the received data packet and map the data packet to the corresponding radio bearer which is associated with the same 5QI as the received radio bearer too. Alternatively, the 5QI--->DSCP mapping and DSCP based packet filter could be used for the bearer mapping as analyzed above. 
For architecture 1b, for the uplink data forwarding, the serving IAB node shall perform the 5QI---> DSCP mapping from the UE’s radio bearer to serving IAB node’s PDU session assuming the mapping information is configure (i.e. via OAM configuration). And then the serving IAB node (i.e. act as a UE) could map the PDU session to the serving IAB node’s QoS flow according to the configured DSCP based packet filter in the QoS rules. While in the intermediate IAB node, the same bearer mapping mechanism (i.e. 5QI---5QI mapping, or 5QI--->DSCP mapping and DSCP based packet filter) as architecture 1a could be used. 
For downlink data forwarding, similar as architecture 1a, donor CU could perform DSCP marking in the IP header of UE data packets. The donor DU could perform a DSCP--->5QI mapping if the mapping table is configured. And then the donor DU could deliver the data packet to the next hop using the radio bearer associated with the corresponding 5QI. For intermediate IAB node, the same bearer mapping mechanism could be used as architecture 1a. 
In architecture 2a, for uplink data forwarding, the serving IAB node shall perform the 5QI---> DSCP mapping from the UE’s radio bearer to serving IAB node’s PDU session assuming the mapping information is configure (i.e. via OAM configuration). And then the serving IAB node (i.e. act as a UE) could map the PDU session to the serving IAB node’s QoS flow according to the configured DSCP based packet filter in the QoS rules. In the intermediate IAB node, DSCP based packet filter could be used to determine the corresponding QoS flow or bearer to deliver the UE packets. 
For downlink data forwarding, DSCP marking could be performed in the UE’s UPF. The IAB node’s UPF in the IAB node/IAB donor could determine which PDU session could be used to deliver UE packets using DSCP based  packet filter. 
Proposal 7: It is suggested to consider the 5QI---5QI mapping or 5QI---> DSCP mapping and DSCP based packet filter for bearer mapping.
3. Conclusion
In this contribution, we discussed the deployment scenarios for IAB based on the RAN2 agreements. And then we discussed potential relay architectures for IAB and made a comparison between layer 2 relay and layer 3 relay. And we have the following observations and proposals:
Proposal 1: The adaptation layer should be introduced above RLC to minimize the radio resource overhead of adaptation layer.
Proposal 2: It is suggested that the adaptation layer terminates in donor DU, i.e. DU collocated with CU in the IAB donor or the donor DU which has wired connection with the donor CU. 
Proposal 3: For architecture 1a, assuming adaptation layer and GTP-U is used, it should be discussed whether two hop or end-to-end GTP tunnel is established between serving IAB node and donor CU.   
Observation 1: In architecture 1b, complete radio protocol is needed in the serving IAB node when encapsulating UE’s data packets which would lead to much more overhead on the radio resource. 
Observation 2: In architecture 2a, complete radio protocol is needed in each IAB node when encapsulating UE’s data packets which would lead to much more overhead on the radio resource. However, architecture 2a is simpler and less standardization work is needed comparing with architecture 1a/1b since the routing is performed in the IAB node’s UPF based on IP layer. 
Proposal 4: In architecture 1a, the serving IAB node and the IAB donor shall determine the destination of the UE F1-U data packets. The serving IAB node or IAB donor shall encapsulate routing information (and UE and bearer information for architecture 1a-1) in the adaptation layer header for the purpose of data forwarding. 
Proposal 5: In architecture 1a, assuming the adaptation layer terminates in the donor DU, mapping information between the UE’s radio bearer/destination and GTP tunnel shall be configured in the Donor DU for the uplink and downlink data forwarding.  
Proposal 6: In architecture 1b, UE identity and bearer ID does not need to be contained in the adaptation layer.  
Proposal 7: It is suggested to consider the 5QI---5QI mapping or 5QI---> DSCP mapping and DSCP based packet filter for bearer mapping.
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