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1	Introduction
[bookmark: _Ref178064866]At RAN2#107, it was agreed that multi-connectivity can be supported by dual connectivity (DC), by assigning the roles of MN and SN to the IAB nodes serving the outer leaf access IAB node. In particular, this means that the IAB node will be configured with 2 different cell groups using RRC signalling. For sending traffic over these cell groups it has been agreed that BH RLC channels can only be mapped to a single cell group (MCG or SCG, i.e. no split bearer is supported). Essentially, this means that the two cell groups will be seen as two independent Network Interface Cards (NICs) towards higher layers. 
This paper is an attempt to address the general aspects of multi-connectivity for IAB including both multi-connectivity by NR-DC framework and multi-connectivity by multiple MTs. 
2	Discussion
Currently in NR, DC is supported by setting up multiple UE bearer contexts in the DUs that serve the UE. These different UE contexts are identified as part of F1-U (GTP tunnels) towards the DU serving the UE. This is shown in Figure 1.
The DC aspects are transparent to UE application layers, i.e. the UEs just send/receive data from a DRB which could be configured as an MCG, SCG or split DRB. In case of split DRB, the splitting point is below PDCP and relying on various NR PDCP functions to handle re-ordering, re-transmission and duplication removal. 
It was agreed in RAN2#105bis to reuse the NR-DC framework for setting up multi-connectivity to IAB nodes. The procedure for setting up NR-DC is discussed in Section 3.
It was further agreed that only MCG or SCG BH RLC channels should be supported, meaning that the traffic will not be split over split bearers. The reason for this agreement was that there is no support for NR PDCP for F1-U traffic to the IAB node.
[bookmark: _Toc16771013][bookmark: _Toc20923146][bookmark: _Toc20923193][bookmark: _Toc20923420][bookmark: _Toc20923436][bookmark: _Toc20930662]RAN2 agreed that NR-DC framework should be used to set up multi-connectivity for IAB nodes, but there will be no support for split bearers to the IAB node. 
In case an IAB node has been set up with multiple connections, it is possible to associate the different connections with different BAP Path IDs as part of the agreed BAP routing ID. 
[bookmark: _Toc16771014][bookmark: _Toc20923147][bookmark: _Toc20923194][bookmark: _Toc20923421][bookmark: _Toc20923437][bookmark: _Toc20930663]The BAP Path ID part of the BAP routing ID can be used to identify the different paths in the BAP layer. 
The remaining issue is how the CU (and possibly other nodes) will be able to utilize the different paths to the IAB node. In our view, this should be supported by associating different IP addresses with different connections in the Donor DUs. This would make the different connections visible to the F1 


Figure 1: Support for NR-DC to UEs
application layer, allowing functionality such as SCTP multihoming and smart load balancing of UE GTP tunnels over different connections. Using different IP addresses would also make it possible to support different paths via different Donor DUs since each Donor DU could handle routing for each IP address. 
[bookmark: _Toc16771015][bookmark: _Toc20923062][bookmark: _Toc20930669]When using NR-DC to support multi-connectivity for IAB nodes in Rel-16, each separate connection should be associated with at least 1 separate IP address to support multiple connections using different Donor DUs and allow selection of which connection to use by the end nodes (IAB node, Donor CU).
The DC framework currently has some limitations:
· DC is only supported between different frequency bands;
· Only 2 cell groups are currently supported;
· For IAB nodes using EN-DC, only a single NR SCG is supported. 
One alternative to get around these limitations is to extend the DC framework in the 3GPP specifications work allowing for same frequency bands, more than 2 cell groups etc. However, it should be noted that a simpler approach to solve the same problem is to allow the IAB to support multiple logical MTs, which set up independent connections to the network. This approach can support any number of connections on any frequency and from a user plane point of view is identical to the current DC-based solution. 
It is expected that some IAB nodes will support multiple radio units, capable of operating independently or only loosely coupled with each other, on the same frequency. These radio units could be associated with different antennas pointed in different directions, e.g. covering different sectors. Although these radio units would still be limited by half duplex constraints (i.e. not being capable of simultaneous transmission and reception on the same frequency), they would support simultaneous transmission to, and simultaneous reception from multiple parent nodes on the same frequency.   
In this respect, some IAB nodes will likely be very different from current UE chipset modems, which support tightly-integrated DC solutions.
[bookmark: _Toc12367211][bookmark: _Toc15990467][bookmark: _Toc16591345][bookmark: _Toc16757924][bookmark: _Toc16775050][bookmark: _Toc20923148][bookmark: _Toc20923195][bookmark: _Toc20923422][bookmark: _Toc20923438][bookmark: _Toc20930664]Some IAB nodes are expected to support multiple radio units capable of simultaneous TX (no RX) and simultaneous RX (no TX) in different directions, on the same frequency band. 
[bookmark: _Toc12367212][bookmark: _Toc15990468][bookmark: _Toc16591346][bookmark: _Toc16757925][bookmark: _Toc16775051][bookmark: _Toc20923149][bookmark: _Toc20923196][bookmark: _Toc20923423][bookmark: _Toc20923439][bookmark: _Toc20930665]Current DC-based solution does not support simultaneous TX or RX scenarios on the same band.
One simple way to allow these nodes to set up multiple connections to the network is to allow them to operate the MT parts as independent MTs with separate control RRC/NAS connections to the network, and separate BAP addresses, etc. Similar to DC-based solution, each connection can be treated as a separate NIC from the higher-layer point of view. With such a solution, the normal connectivity management procedure can be used for setting up the MT connections. The only additional functionality required is to ensure that the different MT connections are set up via different radio paths. Most likely, this can be supported based on IAB node implementation, i.e. the IAB node will only connect multiple paths if multiple parent cells are available. Additionally, the MT connections need to be linked to the F1-AP signalling connection. So far it has not been agreed how this should be done for the single MT connection case. It is however assumed that the same method could be used to also link multi-MT connection as for single MT connections. 
An added benefit of using multiple MTs is that more than 2 NR paths (or more than 1 NR path for EN-DC) can be supported without standard impacts.

[bookmark: _Toc12367213][bookmark: _Toc15990469][bookmark: _Toc16591347][bookmark: _Toc16757926][bookmark: _Toc16775052][bookmark: _Toc20923150][bookmark: _Toc20923197][bookmark: _Toc20923424][bookmark: _Toc20923440][bookmark: _Toc20930666]Using multiple MTs is a way to support multiple connections to IAB node(s) without the limitations associated with the current DC-based solution. 
[bookmark: _Toc12367214][bookmark: _Toc15990470][bookmark: _Toc16591348][bookmark: _Toc16757927][bookmark: _Toc16775053][bookmark: _Toc20923151][bookmark: _Toc20923198][bookmark: _Toc20923425][bookmark: _Toc20923441][bookmark: _Toc20930667]Multiple MTs can be supported by reusing the existing connection setup mechanism. It could be left to IAB node implementation/configuration to set up multiple MT connections when it is able to connect via different parent cells. 
[bookmark: _Toc20923152][bookmark: _Toc20923199][bookmark: _Toc20923426][bookmark: _Toc20923442][bookmark: _Toc20930668]The multiple MTs can be linked to the F1 connection the same way as for the case of a single MT connection being linked to an F1 connection.
[bookmark: _Toc12367215][bookmark: _Toc12367276][bookmark: _Toc15990472][bookmark: _Toc16591349][bookmark: _Toc16757928][bookmark: _Toc16775054][bookmark: _Toc16788817][bookmark: _Toc20923063][bookmark: _Toc20930670]It should be allowed for the IAB node(s) to support multiple MTs based on implementation/configuration to enable simultaneous multi-connectivity, under the assumption that the user plane aspects of supporting multiple MTs are the same as when using DC-based solutions. 
4	Conclusion
Based on the discussion in the previous sections we observe the following:
Observation 1	RAN2 agreed that NR-DC framework should be used to set up multi-connectivity for IAB nodes, but there will be no support for split bearers to the IAB node.
Observation 2	The BAP Path ID part of the BAP routing ID can be used to identify the different paths in the BAP layer.
Observation 3	Some IAB nodes are expected to support multiple radio units capable of simultaneous TX (no RX) and simultaneous RX (no TX) in different directions, on the same frequency band.
Observation 4	Current DC-based solution does not support simultaneous TX or RX scenarios on the same band.
Observation 5	Using multiple MTs is a way to support multiple connections to IAB node(s) without the limitations associated with the current DC-based solution.
Observation 6	Multiple MTs can be supported by reusing the existing connection setup mechanism. It could be left to IAB node implementation/configuration to set up multiple MT connections when it is able to connect via different parent cells.
Observation 7	The multiple MTs can be linked to the F1 connection the same way as for the case of a single MT connection being linked to an F1 connection.

[bookmark: _Toc20923153][bookmark: _Toc20923200][bookmark: _Toc20923427]Based on the discussion in the previous sections we propose the following:
Proposal 1	When using NR-DC to support multi-connectivity for IAB nodes in Rel-16, each separate connection should be associated with at least 1 separate IP address to support multiple connections using different Donor DUs and allow selection of which connection to use by the end nodes (IAB node, Donor CU).
Proposal 2	It should be allowed for the IAB node(s) to support multiple MTs based on implementation/configuration to enable simultaneous multi-connectivity, under the assumption that the user plane aspects of supporting multiple MTs are the same as when using DC-based solutions.
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