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Introduction

Bearer mapping is one of the key functionalities required for IAB. The following was agreed in RAN2#105bis on the topic of bearer mapping:
· For user plane, The UL mapping in the IAB access node to BH RLC channels should be based on the knowledge about UE bearers (identified with GTP TEID). 

· For control plane (F1-C messages) The UL mapping in the IAB access node to BH RLC channels should be based on F1-C message type. FFS if per UE.

· FFS if the mapping should also consider DSCP/Flow labels (e.g. as an intermediate step).

· FFS: The UL/DL mapping in intermediate IAB node(s) to egress BH RLC channel could also take into account some ID(s) (from Adaptation Layer). 

Additionally, RAN3 has agreed on the following, as indicated in their LS to RAN2 [1]:

· For 1:1 mapping, the use of GTP tunnel ID to identify a DRB between donor CU and donor DU is confirmed.

· Working assumption: Adopt IPv6 Flow Labels for 1:1 mapping; FFS whether to also use DSCP.

In our understanding, the GTP tunnel mentioned in the above agreement refers to the GTP-U protocol between the CU and the IAB node (rather than an outer GTP-U protocol between the donor CU and the donor DU, which may or may not be present for IAB UE traffic). It is also important to ensure that the donor DU does not need to decrypt IP-sec encrypted packets of the GTP-U tunnel (to determine the GTP-U tunnel ID). For this reason, the working assumption above intends to include the GTP-U tunnel ID in the IPv6 flow label field of the IP header.
In this contribution we consider the remaining aspects of bearer mapping, taking into account the RAN3 agreements for bearer mapping at the donor DU.
Discussion
Routing and Bearer mapping are complementary functions in IAB. Routing consists of determining, based on information in the header, the egress link (a.k.a., next hop) for the packet. Bearer mapping consists of determining, once the egress link is identified, the RLC backhaul channel to which the packet should be mapped. We discuss only the bearer mapping aspects here; routing is discussed in [2]. In general, a bearer mapping table is needed at each node, which is assumed to be configured by the CU.
Downlink Bearer mapping at Donor DU

RAN3 has agreed that the GTP tunnel ID should be used to identify a UE DRB at the donor DU. Additionally, RAN3 has a working assumption that IPv6 flow labels can be used for bearer mapping. Based on this, the donor DU can readily perform a mapping of UE DRBs to backhaul RLC channels using GTP tunnel IDs and IPv6 flow labels. Thus, donor DU can perform routing decisions to select an egress link and then, based on IPv6 flow labels, identify the backhaul RLC channel on the egress link. It is necessary to discuss in RAN2 whether use of the IP v6 flow label to identify the GTP-U tunnel and for bearer mapping as described is adequate. 
Table 1: Downlink bearer mapping table at Donor DU

	IP v6 flow label (carrying the GTP tunnel ID)
	Other info (FFS)
	Egress backhaul RLC Channel ID

	
	
	


Proposal 1: RAN2 should discuss whether the use of the IP v6 flow label for bearer mapping at the donor DU is adequate. 
Downlink Bearer mapping at intermediate IAB node

When an inbound packet is received at an intermediate IAB node the IAB node first performs the routing decision. Once the egress link is determined, in order to determine the backhaul RLC channel on the egress link, at least the ingress BH RLC channel needs to be used. In addition to that (particularly when N:1 bearer mapping is used), the IAB node needs to use the UE bearer ID to determine the outbound backhaul RLC channel.
Table 2: Downlink bearer mapping table at intermediate IAB node

	Ingress backhaul RLC channel ID
	UE bearer ID
	Egress backhaul RLC channel ID

	
	
	


Proposal 2: The downlink bearer mapping at the intermediate IAB node consists of mapping {Ingress backhaul RLC channel ID, UE bearer ID} pairs to Egress backhaul RLC channel IDs.
Downlink Bearer mapping at access IAB node

At the access IAB node the routing function determines that the downlink packet does not need to be transmitted over an egress link. Instead it is passed to the upper layers. The DU part of the access IAB node can then transmit the packet to the UE over an access link. Given that an IAB node can be an access IAB node for some UEs and an intermediate IAB node for other UEs, the routing function of the IAB node needs to distinguish between packets that need to be sent on a backhaul link and packets that do not need to be sent on a backhaul link. In order to determine the access RLC channel over which the packet needs to be transmitted, the access IAB node can use the UE bearer ID (in the BAP header of the packet).

Proposal 3a: The routing function of an IAB node determines whether the packet needs to be forwarded on a backhaul RLC channel or submitted to higher layers (for transmission to a UE or for consumption by the IAB node).

Proposal 3b: The BAP header includes the UE bearer ID corresponding to the packet.

Proposal 3b: If the IAB node determines that a packet needs to be submitted to higher layers for transmission to a UE, the access RLC channel is determined based on the UE bearer ID (i.e., an IAB node maintains a mapping of UE bearer IDs to access RLC channels for the UEs for which the IAB node serves as an access IAB node).

Table 3: Downlink bearer mapping table at access IAB node

	UE bearer ID
	Access RLC channel

	
	


Uplink Bearer mapping at access IAB node

The access IAB node receives uplink packets from the UE over an access RLC channel, which need to be transmitted upstream over a backhaul link via a backhaul RLC channel. This requires the following:

· Mapping of RLC PDU to GTP-U Tunnel between the access IAB node and the donor CU, based on the UE bearer ID,

· Insertion of the BAP header,

· Routing decision (i.e., identifying the egress backhaul link), and

· Bearer mapping (i.e., Mapping of UE bearer corresponding to the packet to a backhaul RLC channel). 

Focusing on the bearer mapping step, we note that it can be done by maintaining a mapping of UE bearer IDs to RLC backhaul channel IDs or a mapping of the GTP-U tunnel IDs to RLC backhaul channels.
Proposal 4: Uplink bearer mapping at the access IAB node consists of mapping UE bearer IDs to backhaul RLC channel IDs or GTP-U tunnel IDs to backhaul RLC channel IDs.
Table 4: Uplink bearer mapping table at access IAB node

	UE bearer ID or GTP-U tunnel ID
	Egress backhaul RLC channel ID

	
	


Uplink Bearer mapping at intermediate IAB node

Processing of uplink traffic at an intermediate node is essentially the same as the processing for downlink traffic. When an inbound packet is received at an intermediate IAB node the IAB node first performs the routing decision. Once the egress link is determined, in order to determine the backhaul RLC channel on the egress link, the ingress backhaul RLC channel and the UE bearer ID can be used.

Table 5: Uplink bearer mapping table at intermediate IAB node

	Ingress backhaul RLC channel ID
	UE bearer ID
	Egress backhaul RLC channel ID

	
	
	


Proposal 5: The uplink bearer mapping at intermediate IAB nodes consists of mapping {Ingress backhaul RLC channel ID, UE bearer ID} pairs to Egress backhaul RLC channel IDs.
Uplink Bearer mapping at Donor DU

At the donor DU, uplink packets need to be delivered to the correct CU-UP. The donor needs to distinguish between packets corresponding to different UE bearers and destined to different CU-UPs. There are two approaches that can be used:
· The access IAB node inserts the IP v6 flow label into the IP packet carried in the GTP-U tunnel between the access IAB node and the donor CU. The donor DU uses the flow label to determine which CU-UP needs to receive the packet.

· The donor DU maintains a mapping of UE bearer ID to IPv6 flow label. It is assumed that the BAP header includes the UE bearer ID. The donor DU uses the UE bearer ID to determine the corresponding IP v6 flow label and the CU-UP to which the packet needs to be delivered.

It should be noted that, for uplink packets, the donor DU does not need to insert the flow label in the packet. The purpose of the flow label is to enable the donor DU to map packets it receives from the donor CU to different backhaul RLC channels.

Of the two options above, we consider the second option to be simpler and involving less overhead.

	UE bearer ID in ingress packet
	IP v6 flow label

	
	


Proposal 6: Uplink bearer mapping at the donor DU consists of mapping UE bearer IDs of incoming packets to IP v6 flow labels.

Conclusion

In this contribution we have discussed details of bearer mapping at the donor DU, intermediate IAB nodes and at the access IAB nodes for both downlink and uplink traffic. We request RAN2 to discuss and agree on the proposals below.
Proposal 1: RAN2 should discuss whether the use of the IP v6 flow label for bearer mapping at the donor DU is adequate. 
Proposal 2: The downlink bearer mapping at the intermediate IAB node consists of mapping {Ingress backhaul RLC channel ID, UE bearer ID} pairs to Egress backhaul RLC channel IDs.
Proposal 3a: The routing function of an IAB node determines whether the packet needs to be forwarded on a backhaul RLC channel or submitted to higher layers (for transmission to a UE or for consumption by the IAB node).

Proposal 3b: The BAP header includes the UE bearer ID corresponding to the packet.

Proposal 3b: If the IAB node determines that a packet needs to be submitted to higher layers for transmission to a UE, the access RLC channel is determined based on the UE bearer ID (i.e., an IAB node maintains a mapping of UE bearer IDs to access RLC channels for the UEs for which the IAB node serves as an access IAB node).

Proposal 4: Uplink bearer mapping at the access IAB node consists of mapping UE bearer IDs to backhaul RLC channel IDs or GTP-U tunnel IDs to backhaul RLC channel IDs.
Proposal 5: The uplink bearer mapping at intermediate IAB nodes consists of mapping {Ingress backhaul RLC channel ID, UE bearer ID} pairs to Egress backhaul RLC channel IDs.
Proposal 6: Uplink bearer mapping at the donor DU consists of mapping UE bearer IDs of incoming packets to IP v6 flow labels.
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