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1 Introduction
In last RAN2 meeting, some agreements on bearer mapping were achieved in [1] as follows:
Agreements:

1. The IAB architecture should support many-to-one and one-to-one bearer mappings in a design since both mapping option provide benefits in different deployment and traffic scenarios.

2. The design should allow many-to-one and one-to-one bearer mappings to be used at the same time 

3. The unified design supports hop-by-hop ARQ. End-to-end ARQ is not excluded for one-to-one mapping.  

4. The unified design addresses LCID-space and LCG-space limitations to support fine-granular QoS for a sufficiently large number of bearers.

5. The WI should aim for an IAB system with both bearer mapping (N-to-1 and 1-to-1) options for Rel.16.

In this paper, we further discuss the details of how to perform bearer mapping at the IAB nodes.
2 Discussion
In order to better analyze bearer mapping in the IAB scenario, we take as an example a two-hop IAB scenario as shown in figure 1, i.e. UE ( IAB node2 ( IAB node1 ( IAB donor ( 5GC. The access link between UE and IAB node2 is defined as Uu interface, and the backhaul links between IAB node2 and IAB node1, as well as between IAB node1 and the IAB donor, are defined as Un interfaces. 
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Figure 1 Example of multi-hop IAB deployment
2.1 Bearer Mapping Decision
Based on the latest agreement, both one-to-one mapping and many-to-one mapping between UE DRBs and BH RLC-Channel should be supported with a unified design. For one-to-one map UE bearer, two approaches have further been proposed to map BH RLC-channels and BH logical channels; 1:1 mapping and K:1 mapping. That is to say that aggregation of UE bearers on the backhaul Un interface, is possible for both one-to-one mapped UE bearers and many-to-one mapped UE bearers.
There are two possible approaches to implement UE bearer mapping at the IAB node:
Solution 1: Centralized bearer mapping decisions:
In this solution, the IAB donor decides all the bearer mappings for each backhaul interface, and then configures these bearer mapping decisions to each of the intermediate IAB nodes separately. 
Figure 2 shows one variant of centralized bearer mapping decisions. Here the IAB donor sends the mapping between IAB1 RLC-channels and IAB2 RLC-channels to IAB1 node1, and sends the mapping of bearers between IAB2 RLC-channels and individual UE DRBs to IAB node2.
In the DL, a UE packet belonging to a UE DRB is mapped onto an IAB1 RLC-channel by the IAB donor. This mapping is implemented by the IAB donor DU. Then IAB node1 implements the mapping of the UE packet from IAB1 RLC-channel onto a corresponding IAB2 RLC-channel, based on the configuration from the IAB donor. Finally, IAB node2 implements the mapping of the UE packet from IAB2 RLC-channel onto a corresponding access link RLC channel carrying the individual Uu DRB, based on the UE DRB ID carried in the adaptation info.

In the UL, a UE packet is mapped onto an access link RLC channel carrying the individual Uu DRB by the UE. Then IAB node2 implements the mapping of the UE packet from an access link RLC channel onto a corresponding IAB2 RLC-channel, based on the configuration received from the IAB donor. Finally, IAB node1 implements the mapping of the UE packet from IAB2 RLC-channel onto a corresponding IAB1 RLC-channel, again based on the configuration received from the IAB donor. 
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Figure 2 Centralized bearer mapping between the upstream and the downstream 
A second variant is shown in Figure 3. The IAB donor decides the mapping between RLC-channels and individual UE DRBs for all backhaul links. The mapping between IAB2 RLC-channel and UE DRB, as well as the mapping between IAB1 RLC-channel and UE DRB, are sent from the IAB donor to IAB node1. The IAB donor also sends the mapping of bearers between IAB2 RLC-channel and UE DRB to IAB node2. In this case a UE DRB ID, carried on the UP in the adaptation info, is used by the IAB node to identify the UE DRB that each UE packet belongs to. 
In the DL, the IAB donor implements the mapping of a UE packet belonging to a UE DRB onto an IAB1 RLC-channel. Based on the mapping decision configured by the IAB donor, IAB node1 then maps the UE packet onto a corresponding IAB2 RLC-channel based on UE DRB ID in the adaptation layer. Finally, IAB2 will map the UE packet onto the corresponding access link RLC channel carrying the individual Uu DRB, again based on the UE DRB ID in the adaptation layer. 
In the UL, a UE packet is mapped onto an access link RLC channel carrying the individual Uu DRB by UE. Based on the configuration from the IAB donor, IAB node2 maps the UE packet onto a corresponding IAB2 RLC-channel based on UE DRB ID in the adaptation info. Similarly, based on the configuration from the IAB donor, IAB node1 maps the UE packet onto the corresponding IAB1 RLC-channel based on UE DRB ID in the adaptation info.  
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Figure 3 Centralized bearer mapping between the UE DRB and RLC-Channel
When a new UE bearer is setup or updated, the IAB donor needs to add or modify the above mappings, and also reprogram related QoS parameters (e.g. at least the GFBR of the UE bearer should be taken into account) for the related IAB RLC-channels. Then the IAB donor sends the mapping decisions and updated QoS information to all the related IAB nodes.
Solution 2: Distributed bearer mapping decisions:
In this solution, the bearer mapping decisions are made by intermediate IAB nodes independently.  
Similar to solution1, there are two variants for this approach.
The first variant is illustrated in Figure 4. The intermediate IAB nodes perform mapping of packets between IAB RLC-channels, e.g. mapping between IAB1 RLC-channel and IAB2 RLC-channel can be based on QoS profiles of IAB RLC-channels directly without distinguishing the packets of individual UEs. 
In the DL, IAB node1 implements the mapping of the UE packet from an IAB1 RLC-channel onto an IAB2 RLC-channel, based on the QoS profiles of the IAB1 RLC-channel and the IAB2 RLC-channels. Then IAB node2 maps the UE packet from IAB2 RLC-channel onto the corresponding access link RLC channel carrying the individual Uu DRB, based on the UE DRB ID in the adaptation layer.  
In the UL, IAB node2 implements the mapping of the UE packet from the Uu DRB onto an IAB2 RLC-channel, based on the QoS profiles of the UE DRB and IAB2 RLC-channel. Then IAB node1 implements the mapping of the UE packet from IAB2 RLC-channel onto an IAB1 RLC-channel, based on the QoS profiles of corresponding IAB2 RLC-channel and IAB1 RLC-channel.
When a new UE bearer is setup or updated, the IAB donor may need to reprogram the related QoS profiles (e.g. at least the GFBR of the UE bearer should be taken into account) for the related IAB RLC-Channels. If so, the IAB donor sends the updated QoS profiles to all the related IAB nodes.
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Figure 4 Per RLC-Channel mapping with distributed bearer mapping 
The last variant is shown in the Figure 5. Here the intermediate IAB nodes perform bearer mapping based on the QoS profiles of individual UE DRBs. In this solution, both IAB node2 and IAB node1 should know the QoS profiles of the UE DRBs. 
In the DL, based on the QoS profiles of the UE DRB and IAB2 RLC-channel received from the IAB donor, IAB node1 maps the UE packet onto an IAB2 RLC-channel using the UE DRB ID in the adaptation info. Finally, IAB2 will map the UE packet onto the access link RLC channel corresponding to the individual Uu DRB, again based on the UE DRB ID in the adaptation info.  
In the UL, based on the QoS profiles of the UE DRB and IAB2 RLC-channel received from the IAB donor, IAB node2 maps the UE packet onto an IAB2 RLC-channel based on UE DRB ID in the adaptation info. Similarly, based on the QoS profiles of UE DRB and IAB1 RLC-channel received from the IAB donor, IAB node1 maps the UE packet onto an IAB1 RLC-channel based on UE DRB ID in the adaptation info.  
When a new UE bearer is setup or updated, the IAB donor needs to send the QoS profiles to all related IAB nodes and the IAB nodes update their RLC-Channel configurations accordingly (e.g. at least the GFBR of the UE bearer should be taken into account).
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Figure 5 Per UE bearer mapping with distributed bearer mapping control
For centralized bearer mapping, the IAB donor should be informed of BH congestion, and it may use this information to re-plan appropriate mappings of UE bearers onto other (uncongested) BH links, and then send the new mapping configurations to the newly selected intermediate IAB nodes. This would involve a significant amount of signaling overhead. However, in the case of distributed bearer mapping, the intermediate IAB nodes can perform the bearer re-mapping immediately if another appropriate BH links is available. Therefore, the overhead of signaling and latency to inform the IAB donor can be kept to a minimum. Furthermore, compared with per RLC-channel mapping, per UE bearer mapping is more flexible, as there is flexibility to map UE bearers from the same ingress link to different egress links, if needed.  
Proposal 1: Distributed bearer mapping decisions are more flexible and have lower signaling impact. It is proposed that RAN2 adopt the distributed approach for bearer mapping decisions where each IAB node performs the bearer mapping based on the QoS profiles of UE’s DRBs. 
3 Conclusion and Proposals
In this contribution we discuss the details of how to perform bearer mapping at IAB nodes, and we make the following proposals:
Proposal 1: Distributed bearer mapping decisions are more flexible and have lower signaling impact. It is proposed that RAN2 adopt the distributed approach for bearer mapping decisions where each IAB node performs the bearer mapping based on the QoS profiles of UE’s DRBs. 
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********* Start of Change **********
8
Radio protocol aspects
Editor’s note:
Primary responsible WG for this clause is RAN2.

8.1
Packet Processing

…

8.2.4 
Scheduler and QoS impacts
The study will assess the impact of different IAB architecture options on scheduling and QoS in both downlink and uplink directions.
…

8.2.4.4

Bearer mapping decision

There are two possible approaches to implement UE bearer mapping at the IAB node:
Solution 1: Centralized bearer mapping decisions:
In this solution, the IAB donor decides all the bearer mappings for each backhaul interface, and then configures these bearer mapping decisions to each of the intermediate IAB nodes separately. 
Figure 8.2.4.4-1 shows one variant of centralized bearer mapping decisions. Here the IAB donor sends the mapping between IAB1 RLC-channels and IAB2 RLC-channels to IAB1 node1, and sends the mapping of bearers between IAB2 RLC-channels and individual UE DRBs to IAB node2.

In the DL, a UE packet belonging to a UE DRB is mapped onto an IAB1 RLC-channel by the IAB donor. This mapping is implemented by the IAB donor DU. Then IAB node1 implements the mapping of the UE packet from IAB1 RLC-channel onto a corresponding IAB2 RLC-channel, based on the configuration from the IAB donor. Finally, IAB node2 implements the mapping of the UE packet from IAB2 RLC-channel onto a corresponding access link RLC channel carrying the individual Uu DRB, based on the UE DRB ID carried in the adaptation info.

In the UL, a UE packet is mapped onto an access link RLC channel carrying the individual Uu DRB by the UE. Then IAB node2 implements the mapping of the UE packet from an access link RLC channel onto a corresponding IAB2 RLC-channel, based on the configuration received from the IAB donor. Finally, IAB node1 implements the mapping of the UE packet from IAB2 RLC-channel onto a corresponding IAB1 RLC-channel, again based on the configuration received from the IAB donor. 
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Figure 8.2.4.4-1 Centralized bearer mapping between the upstream and the downstream 

A second variant is shown in Figure 8.2.4.4-2. The IAB donor decides the mapping between RLC-channels and individual UE DRBs for all backhaul links. The mapping between IAB2 RLC-channel and UE DRB, as well as the mapping between IAB1 RLC-channel and UE DRB, are sent from the IAB donor to IAB node1. The IAB donor also sends the mapping of bearers between IAB2 RLC-channel and UE DRB to IAB node2. In this case a UE DRB ID, carried on the UP in the adaptation info, is used by the IAB node to identify the UE DRB that each UE packet belongs to. 

In the DL, the IAB donor implements the mapping of a UE packet belonging to a UE DRB onto an IAB1 RLC-channel. Based on the mapping decision configured by the IAB donor, IAB node1 then maps the UE packet onto a corresponding IAB2 RLC-channel based on UE DRB ID in the adaptation layer. Finally, IAB2 will map the UE packet onto the corresponding access link RLC channel carrying the individual Uu DRB, again based on the UE DRB ID in the adaptation layer. 
In the UL, a UE packet is mapped onto an access link RLC channel carrying the individual Uu DRB by UE. Based on the configuration from the IAB donor, IAB node2 maps the UE packet onto a corresponding IAB2 RLC-channel based on UE DRB ID in the adaptation info. Similarly, based on the configuration from the IAB donor, IAB node1 maps the UE packet onto the corresponding IAB1 RLC-channel based on UE DRB ID in the adaptation info.  
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Figure 8.2.4.4-2 Centralized bearer mapping between the UE DRB and RLC-Channel

When a new UE bearer is setup or updated, the IAB donor needs to add or modify the above mappings, and also reprogram related QoS parameters (e.g. at least the GFBR of the UE bearer should be taken into account) for the related IAB RLC-channels. Then the IAB donor sends the mapping decisions and updated QoS information to all the related IAB nodes.
Solution 2: Distributed bearer mapping decisions:
In this solution, the bearer mapping decisions are made by intermediate IAB nodes independently.  
Similar to solution1, there are two variants for this approach.
The first variant is illustrated in Figure 8.2.4.4-3. The intermediate IAB nodes perform mapping of packets between IAB RLC-channels, e.g. mapping between IAB1 RLC-channel and IAB2 RLC-channel can be based on QoS profiles of IAB RLC-channels directly without distinguishing the packets of individual UEs. 

In the DL, IAB node1 implements the mapping of the UE packet from an IAB1 RLC-channel onto an IAB2 RLC-channel, based on the QoS profiles of the IAB1 RLC-channel and the IAB2 RLC-channels. Then IAB node2 maps the UE packet from IAB2 RLC-channel onto the corresponding access link RLC channel carrying the individual Uu DRB, based on the UE DRB ID in the adaptation layer.  
In the UL, IAB node2 implements the mapping of the UE packet from the Uu DRB onto an IAB2 RLC-channel, based on the QoS profiles of the UE DRB and IAB2 RLC-channel. Then IAB node1 implements the mapping of the UE packet from IAB2 RLC-channel onto an IAB1 RLC-channel, based on the QoS profiles of corresponding IAB2 RLC-channel and IAB1 RLC-channel.
When a new UE bearer is setup or updated, the IAB donor may need to reprogram the related QoS profiles (e.g. at least the GFBR of the UE bearer should be taken into account) for the related IAB RLC-Channels. If so, the IAB donor sends the updated QoS profiles to all the related IAB nodes.
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Figure 8.2.4.4-3 Per RLC-Channel mapping with distributed bearer mapping 

The last variant is shown in the Figure 8.2.4.4-4. Here the intermediate IAB nodes perform bearer mapping based on the QoS profiles of individual UE DRBs. In this solution, both IAB node2 and IAB node1 should know the QoS profiles of the UE DRBs. 
In the DL, based on the QoS profiles of the UE DRB and IAB2 RLC-channel received from the IAB donor, IAB node1 maps the UE packet onto an IAB2 RLC-channel using the UE DRB ID in the adaptation info. Finally, IAB2 will map the UE packet onto the access link RLC channel corresponding to the individual Uu DRB, again based on the UE DRB ID in the adaptation info.  
In the UL, based on the QoS profiles of the UE DRB and IAB2 RLC-channel received from the IAB donor, IAB node2 maps the UE packet onto an IAB2 RLC-channel based on UE DRB ID in the adaptation info. Similarly, based on the QoS profiles of UE DRB and IAB1 RLC-channel received from the IAB donor, IAB node1 maps the UE packet onto an IAB1 RLC-channel based on UE DRB ID in the adaptation info.  
When a new UE bearer is setup or updated, the IAB donor needs to send the QoS profiles to all related IAB nodes and the IAB nodes update their RLC-Channel configurations accordingly (e.g. at least the GFBR of the UE bearer should be taken into account).
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Figure 8.2.4.4-4 Per UE bearer mapping with distributed bearer mapping control
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