Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG3 Meeting #103bis
R3-191849
Xi’an, China, 8th April– 12th April, 2019



Agenda Item:
13.3.1
Source: 
Huawei
Title:
Routing Table Design and Configuration
Document for:
Discussion and Decision
1 Introduction

In the WID of IAB_NR [1], the objective about the routing function in IAB node is described as follows:

· Specification of an IAB-node following architecture 1a including [RAN2-led, RAN3]: 

· Routing function on IAB-node to support routing across the multi-hop topology based on routing identifier. 

An offline discussion about the IAB routing has been kicked off via email [2] in RAN2. Two options are being considered for the route identifier needs to be carried in the adaptation layer. The first option for the route identifier is destination node address, e.g. destination IAB node for the downlink transmission or the IAB donor-DU address for the uplink transmission, while the second option for the route identifier is some specific path identifier.
In this contribution, we are going to discuss the routing table design and configuration with the assumption that the routing in adaptation layer is based on destination node ID. 

2 Discussion
2.1 Content of routing table

Based on the destination node address carried in adaptation layer, each IAB node, as well as the IAB donor DU, can do route selection according to a routing table. The mentioned routing table should be pre-configured in the IAB node and the IAB donor-DU. 

As shown in Figure 1, an example about the format of routing table for IAB network is given. The destination node address and the next hop node are the basic components of the routing table. The destination node address is the identifier of the destination node carried in adaptation layer, and the next hop node is the chosen node towards which the UL/DL packets should be forwarded. 
Proposal 1 The destination node address and the next hop node are the basic components for design the routing table.

As discussed in [2] and [3], a new defined Adapt ID is recommended to identify the IAB node or the IAB donor-DU in backhaul link. Thus, it is straightforward to use such Adapt ID to identify the next hop node in the forwarding table of the current node also. Alternatively, some other kinds of address information which is unique within the serving area of the current node (the current node can be any IAB node or the IAB donor DU) should be used, e.g. for the downlink, using C-RNTI of next hop node+ the NCI/NCGI of the current node is enough to identify the next hop node. Such addressing information is relatively too long when compared to the new defined Adapt ID which is only approximate10 bits [2], and may result in a large size of the forwarding table. In fact, for the current node, it may maintain multiple entries for the child node, e.g. the DU/CU F1AP UE ID allocated for the child node, the C-RNTI of child node + NCI/NCGI of the current node, the Adapt ID of the child node, etc. Then, the current node can forward the packets to the right next hop node according to the forwarding table and using the appropriate entry for the next hop node.
Proposal 2 Use newly defined Adapt ID to identify the destination node and the next hop node in the forwarding table.
In addition to the destination node address, some other information, i.e. the “other possible info.” shown in Figure 1-(b) may also be configured as an optional input in the routing table. For example, different routes towards the same IAB node may provide different QoS guarantees. Alternatively, a UE bearer ID may also be used as an input in the forwarding table. As an example, IAB 1 may forward packets of UE 2 bearer 1 to the next hop node IAB 3, and forward packets of UE 2 bearer 2 to the next hop node IAB 2. 
Proposal 3 Other possible info (e.g. UE context related info) can also be included as enhancement input in routing table, if multiple routing paths to a same destination node are possible.
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(b) Routing table maintained at IAB 1

Figure 1. Example about the routing table for routing across wireless backhaul links.
2.2 Routing table configuration
Due to that the IAB donor-CU has full knowledge about the IAB network topology, it is reasonable for the IAB donor-CU to configure the routing table for each IAB node and the IAB donor-DU in a centralized way. Considering that the backhaul connectivity redundancy can be supported, more than one next hop node can be configured in the routing table. In such a case, the current node may decide which next hop to choose among the multiple candidate next hop nodes according to its routing selection algorithms. For example, it may choose an optimum next hop node considering the radio link status, congestion status, etc. However, such local decisions related to routing selection algorithms should rely on the network implementation (e.g. based on some thresholds or rules to select route configured by the donor). 
Proposal 4 Routing table is configured by the IAB donor-CU. Any local decision on routing selection in case of redundant configured routes can be evaluated by the IAB node/donor DU by implementation, which has no standard impacts.
During IAB node integration phase, routing information is updated on the new IAB node's parent and its ancestor nodes to establish an NR backhaul path between IAB node and the IAB donor. For example, as shown in Figure 2, IAB node 3 is a new node integrating to the network. The IAB donor-CU can allocate an Adapt ID to this new integrated IAB node 3 if the donor CU knows the new node is an IAB node, and provides the newly allocated Adapt ID to IAB node 3. The donor CU may also inform IAB node 3’s parent node, i.e. IAB node 2, about the allocated Adapt ID for the IAB node 3. Then, the donor CU will configure the updated forwarding table including the downstream routing entry related to the new destination node (i.e. the IAB node 3) to all the intermediate IAB nodes and the IAB donor-DU, and may also configure the uplink forwarding table for IAB node 3 if necessary. After finishing the configuration about the routing information related to the newly integrated IAB node 3, IAB node 3 can setup its F1 connection via F1AP message towards the donor CU. An example of the procedure is shown in Figure 3.

As described in the adaptation layer modelling paper [4], intermediate IAB nodes have separate adaptation layer entity in the DU part and the MT part, and the downlink route selection is performed by DU part, and the uplink routing selection is performed by MT part. Thus, as shown in Figure 2, the IAB donor-CU will configure downlink forwarding information about IAB node 3 to the IAB donor-DU, as well as the DU part of IAB node 1 and IAB node 2. The IAB donor-CU will also configure the uplink forwarding information about the IAB donor-DU to the MT part of IAB node 3.
Proposal 5 The IAB donor CU configures the downlink forwarding table to DU (incl. IAB-DU and the IAB donor-DU), and configures the uplink forwarding table to MT part of IAB node.
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Figure 2. CU configure UL and DL forwarding table for IAB node.
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Figure 3. Example procedure about the routing management
Routing update for the IAB donor-DU. It was agreed that the adaptation layer is terminated in the IAB donor-DU. Then the IAB donor-CU needs to provide the routing information to the IAB donor-DU in order that the IAB donor-DU adds routing identifier in the adaptation layer. Another agreement is the IP layer is terminated in access IAB node. One possible solution is that the IAB donor-CU provides the mapping between target IP address and destination Node ID to IAB donor-DU. When the IAB donor-DU receives a downlink data, the IAB donor-DU looks at the target IP address, lookup the destination node ID and put the destination ID in the adaptation layer.
Proposal 6 Regarding routing update for the IAB donor-DU, the IAB donor-CU provides update routing information, e.g. the mapping between target IP address and destination Node ID, to the IAB donor-DU via a F1-AP message.

Routing update for intermediate IAB nodes. The intermediate IAB node needs to know the routing information about the new IAB node. Then the updated routing table including the new IAB node should be provided to all involved intermediate IAB node. Besides that, the mapping between multiple entries to identify the new IAB node (i.e. Adapt ID, DU F1AP UE ID, CRNTI+ cell ID, etc.) of the new IAB node’s MT part should also be provided to its parent node’s DU part, so that the parent node can send the data to the IAB-MT.

Proposal 7 When new IAB node integrates, the updated routing table should be provided to all involved intermediate IAB nodes, and the mapping between multiple entries to identify the new IAB node should also be provided to its parent node’s DU part via F1-AP message.
3 Conclusion
This paper mainly discusses the routing table design and configuration, and we propose
Proposal 8 The destination node address and the next hop node are the basic components for design the routing table.
Proposal 9 Use newly defined Adapt ID to identify the destination node and the next hop node in the forwarding table.
Proposal 10 Other possible info (e.g. UE context related info) can also be included as enhancement input in routing table, if multiple routing paths to a same destination node are possible.
Proposal 11 Routing table is configured by the IAB donor-CU. Any local decision on routing selection in case of redundant configured routes can be evaluated by the IAB node/donor DU by implementation, which has no standard impacts.
Proposal 12 The IAB donor CU configures the downlink forwarding table to DU (incl. IAB-DU and the IAB donor-DU), and configures the uplink forwarding table to MT part of IAB node.
Proposal 13 Regarding routing update for the IAB donor-DU, the IAB donor-CU provides update routing information, e.g. the mapping between target IP address and destination Node ID, to the IAB donor-DU via a F1-AP message.
Proposal 14 When new IAB node integrates, the updated routing table should be provided to all involved intermediate IAB nodes, and the mapping between multiple entries to identify the new IAB node should also be provided to its parent node’s DU part via F1-AP message.
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