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1   Introduction

In the IAB architecture design option selected for Rel-16 work (so-called Option 1a), a new protocol layer called Backhaul Adaptation Protocol, or BAP for short, was introduced. The main purpose of BAP is to transport F1-U across the wireless backhaul – or, as agreed at RAN2#105 (Feb 2019):

· RAN2 confirms that routing and bearer mapping (e.g. mapping of BH RLC channels) are adaptation layer functions

…
· R2 assumes that Donor CU configures the Adaptation layer, and R2 assumes that the routing is a function of the Adaptation layer. FFS the detail routing functionality, e.g. what is configured vs. what is decided locally. 

At the RAN2#105-Bis meeting in Xi’an (April 2019), the following agreements were additionally made:

· Routing delivers a packet to a destination node by selecting a next backhaul link among given multiple backhaul links at an IAB node and an IAB donor node as a baseline.
· “Destination IAB node/IAB donor-DU address” and “Specific path identifier” (carried in the BAP) are considered as candidate for route identifier for routing at an adaptation layer. Additional required information for routing is FFS
· “Destination IAB node/IAB donor-DU address” and/or “Specific path identifier” is unique within an IAB donor-CU. 
· FFS what ID is used to identify the egress link (next hop link) in routing table. C-RNTI alone will not be used for this purpose. 
The above highlighted issue was not discussed at the subsequent – most recent – meeting (RAN2#106), although good overall progress was made on routing in IAB networks, with the following related agreements made:

· The BAP routing id (carried in the BAP header) consists of BAP address and BAP path ID. Encoding of the path ID in the header is FFS.
· Each BAP address defines a unique destination (unique for IAB network of one Donor , either an IAB access node, or the IAB donor)

· Each BAP address can have one or multiple entries in the routing table to enable local route selection. Multiple entries is for load balancing, re-routing at RLF. For load balancing still FFS what is decided locally and/or decided by the Donor.

· Each BAP routing id has only one entry in the routing table.
· The routing table can hold other information, e.g. priority level for entries with same BAP address, to support local selection. Configuration of this information is optional.
Essentially this is how (in our understanding) the routing in IAB operates (according to what has been agreed so far):

· Each IAB node will contain a routing table;
· The routing table will specify which outgoing (egress) BH RLC channel an incoming packet should be sent to;
· In order for this to work, the BAP header will carry a so-called BAP routing id which consists (as explained above) of BAP address and BAP path ID;
· Each BAP address can have one or multiple entries in the routing table to enable local route selection – one for each different BAP path ID; 

· Multiple entries are for load balancing, re-routing at RLF.
In this tdoc, we address the above highlighted issue, more specifically the ID(s) that could be used to identify the next-hop (egress) link.
2   Identification of the next-hop node
It is reasonable to assume that an operating IAB node will be in RRC_CONNECTED state and that the MT part of that node will have a unique C-RNTI assigned, to be used for communication with its parent node. Therefore even when CA is configured, there will be one unique C-RNTI per child node. Strictly speaking, the C-RNTI is only unique per cell so in case the IAB node supports multiple cells, the relevant cell id is required in addition to the C-RNTI of the MT part of the child node.
Observation 1 On the DL, the next-hop node is uniquely identified by its C-RNTI only if all IAB nodes only support or deploy a single cell.
It is also possible to uniquely identify the next-hop node by using its BAP address. In this case however the BAP address would at some point need to be converted to the relevant radio identifiers, so there is some redundant procedural aspects when BAP address is used. However the BAP address (still to be designed) may end up being shorter than C_RNTI (+ cell id), allowing more compact routing tables and a reduction in signaling.

Observation 2 On the DL, if BAP address is chosen as the next-hop node unique identifier, the redundant procedural aspects should be weighed up against the potential reduction in routing table size and relevant signaling.

We further note that there is no restriction to stick to one choice of the next-hop identifier indefinitely. We can switch between different identifiers used, based on changes in topology and network configuration (at the expense of reconfiguration of the network required for this to happen). For instance:

· If all IAB nodes only support or deploy single-cell mode then C-RNTI can be used, but if this changes, C-RNTI plus cell id can be used instead C-RNTI on its own;
· If C-RNTI was used because it was shorter than BAP, but with activation of multiple cells per IAB node we need to switch to or C-RNTI + cell id, which ends up being longer than BAP, we can the revert to using BAP address;
· If the topology is a simple Tree then no next hop identifier is used on the UL but if this changes we need to switch to using the cell id / cell group id of the parent (more on UL immediately below). 
On the UL, in the case of a simple Tree topology, where a node has only one parent, no next-hop identifier is required. However, given that RAN2 agreed the following at the RAN2#105-Bis meeting:

· R2 assumes that the NR DC framework (e.g. MCG SCG related procedures) is used to configure dual radio links used as IAB bh links with two parent nodes.

We need to take into account the possibility that a node may have two parents. In this case, the next-hop node is uniquely identified by the Cell group id.

Observation 3 On the UL, the next-hop node is uniquely identified by its Cell group id. No identifier is required when there is only one parent node in the topology.
Based on above we propose the following:

Proposal 1: RAN2 to discuss the above next-hop node identifiers for UL and DL, as well as whether a fixed choice of identifiers is required, or if it is possible to switch between identifiers in a semi-static manner.

Of course, in addition to identifying the next-hop node, the IAB node in question needs to map the data onto the adequate BH RLC channel. Knowledge of the particular BH RLC channel is necessary for successful routing and the specific egress BH RLC channel will need to be identified, and in the next section we analyse the possible candidates.
3   Identification of the specific egress BH RLC channel
For the DL and UL, we envisage several options for the egress BH RLC channel:

1. LCID

2. RLC entity id

3. Some form of BAP entity id

4. A unique number maintained and assigned in a centralized way

Since there is 1:1 mapping between LCID and RLC entities, there is little difference between options 1 and 2, apart from the identifier size. In fact, the LCID is usually used to identify the corresponding RLC entity anyway; however, a new RLC ID could be introduced, potentially reducing the size needed to identify the BH RLC channel.

Regarding the BAP entity id, this can be useful in case of N:1 mapping between bearers and BH RLC channels if we wanted to indicate a remapping of incoming bearers by indicating a joint BAP entity id for bearers who perhaps did not come at the same ingress BH RLC channel.
Proposal 2: RAN2 to discuss the above egress BH RLC channel identifiers for UL and DL.
4   Conclusions
In this document we analyzed which ID could be used to identify the egress link (next hop link) in routing table. Based on the following observations:

Observation 4 On the DL, the next-hop node is uniquely identified by its C-RNTI only if all IAB nodes only support or deploy a single cell.
Observation 5 On the DL, if BAP address is chosen as the next-hop node unique identifier, the redundant procedural aspects should be weighed up against the potential reduction in routing table size and relevant signaling.

Observation 6 On the UL, the next-hop node is uniquely identified by its Cell group id. No identifier is required when there is only one parent node in the topology.
We made the following proposal:

Proposal 3: RAN2 to discuss the above next-hop node identifiers for UL and DL, as well as whether a fixed choice of identifiers is required, or if it is possible to switch between identifiers in a semi-static manner.

Moreover, after introducing several possible egress BH RLC channel identifiers and various trade-offs involved in the selection of an egress BH RLC channel identifier, we proposed the following:

Proposal 4: RAN2 to discuss the above egress BH RLC channel identifiers for UL and DL.
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