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1   Introduction
According to the Rel-17 IAB enhancement WID, one of the objectives is the specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including support for dual-connectivity scenarios defined by RAN2/3 in the context of topology redundancy for improved robustness and load balancing. 

	Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).

· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.


It was concluded in RAN1 #102e that at least the inter-carrier DC scenario can be considered in Rel-17 and “further discussion in RAN3/RAN Plenary may be necessary for the intra-carrier DC”. Meanwhile, the support of intra-carrier DC scenario for IAB-MT was also discussed in RAN3 with no consensus reached. RAN3 chairman suggested that interested companies should bring contributions to the plenary if they want clarifications/amendments to Rel-17 IAB WID. 

This paper firstly lists the NR DC scenarios for IAB, followed by the discussion of its intra-frequency application. 
2   Discussion
There are three NR DC scenarios for IAB that have been so far discussed in RAN2/RAN3 for both Rel-16 and Rel-17.
· Intra-donor CU topology redundancy
This was the Rel-16 scenario discussed in RAN2/RAN3. According to TS38.300, for IAB-nodes operating in SA-mode, NR DC is used to enable route redundancy in the BH by allowing the IAB-MT to have concurrent BH links with two parent nodes. The two parent nodes have to connect to the same IAB-donor-CU, which controls the establishment and release of redundant routes via these two parent nodes, as shown in Figure 1. 
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Figure 1 Intra-donor CU topology redundancy scenario in Rel-16
On the other hand, the Rel-16 MT mainly inherits its functionalities from “UE” behaviors for the communication with parent(s) and intra-frequency concurrent DC is not supported for Rel-16 UE. Further, for the dual connectivity scenarios for a given IAB-node, the frequency of CCs used in MCG and SCG are assumed to be different in Rel-16 because in such inter-frequency NR DC there is no scheduling conflict and interference between MCG and SCG links and therefore no coordination between gNBs is required, which is also the eventual status of Rel-16 IAB. With these facts, it is widely understood in working groups that Rel-16 IAB does not support intra-frequency concurrent DC for intra-donor CU scenario.  

Observation 1: The Rel-16 support of the intra-donor CU topology redundancy scenario assumes to rely on inter-frequency DC but not intra-frequency DC.  

· Inter-donor CU topology redundancy
During RAN3#109-e meeting, RAN3 decides to consider the inter-donor topology redundancy scenario. As shown in Figure 2, either the IAB node (i.e. IAB node 3) or the parent/ancestor of the IAB node (i.e. IAB node 4) may be multi-connected with two donors. One restriction of this scenario is that the collocated IAB-DU only has F1 interface with the donor-CU. F1-C and F1-U BH traffic could be delivered via either or both legs concurrently. 
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Figure 2 Inter-donor CU topology redundancy scenarios

Observation 2: In Rel-17, RAN3 has agreed to consider the inter-donor CU topology redundancy where IAB MT is dual-connected with two parent nodes within two different IAB-donor-CUs. 
· CP-UP separation scenario
IAB-MT dual-connected with two parent nodes for the purpose of CP/UP separation were discussed in RAN3#109e.  For example, IAB-MT is connected with MCG and SCG via FR1/FR2 respectively. CP is transmitted via FR1 and UP is transmitted via FR2. In this manner, the robustness guarantee and latency reduction of control signalling could be improved. To be more specific, RAN3 agreed to consider two CP/UP separation scenarios as shown in Figure 3. Figure 3(a) illustrates the F1-C is delivered via M-NG-RAN node (non-donor node) and F1-U is delivered via S-NG-RAN node (donor node). On the contrary, Figure 3(b) illustrates the F1-U is delivered via M-NG-RAN node (donor node) and F1-C is delivered via S-NG-RAN node (non-donor node). It is widely assumed in RAN3 that this CP-UP separation scenario targets inter-frequency DC only.
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Figure 3 CP-UP separation scenarios 
Observation 3: In Rel-17, RAN3 has agreed to consider the CP-UP separation scenario where IAB MT is dual-connected to both non-donor node and donor node for separate F1-C/F1-U traffic delivery. This scenario is commonly considered to target to inter-frequency DC. 
From RAN1 perspective, both Rel-16 IAB study item and Rel-16 IAB work item did not cover whether and how to go beyond existing NR specification for UE behaviors to support IAB-MT with intra-frequency DC. In case to support the intra-frequency DC, especially the concurrent backhaul transmissions, RAN1 may need to revisit at least the aspects such as:
· DCI 2_0 from different parent nodes indicate different D/U/F attribute for the same MT resource;

· DCI 2_5 from different parent nodes indicates different soft resource availability for the same DU resource on IAB node’s child link, where the child link and two parent links are all co-channel. 

· The guard-symbol MAC-CE from different parent nodes indicate different “guard-symbol provided”.

In fact, any Rel-16 coordination between IAB node and its parent node that relies on non-semi-static signaling (i.e., PHY layer signaling and MAC-CE signaling) has a chance to become more complicated when the coordination evolves from two-parties to three-parties, unless the two parents run the coordination in between so quickly and reliably as if the inter-node coordination were somehow equivalent to intra-node coordination, which is however not the general assumption for IAB, especially in inter-donor CU topology redundancy scenario. What’s more, from specification wise, some of new issues such as DCI 2_0 indicating different D/U/F attributes for the same MT resource already go beyond existing “normal UE behavior” and should be treated in a wider scope than IAB. In addition, the intra-frequency DC may also have trouble in working with certain desired Rel-17 feature that is already agreed to have, such as case-7 timing.

For the inter-donor CU topology redundancy scenario which has two parent gNBs for the same IAB-MT, the resource coordination between gNBs should be investigated to avoid the scheduling conflict and interference between MCG link and SCG link. In this case, both RAN1 and RAN3 should be involved in the resource coordination study. It should also be noted that RAN4 only studied the inter-band NR DC as of now. To support the intra-band NR DC for IAB, RAN4 should also be involved to investigate the potential impact. Taking these factors into account, it is suggested to systematically evaluate the potential impact in RAN1/2/3/4 to the existing Rel-17 WID.
Proposal 1: The RAN plenary discussion on intra-frequency DC for IAB is suggested to take into account the following:
· The discussion should focus on intra-donor CU topology redundancy scenario only. 

· The potential enhancements to IAB-MT which is also applicable to the normal UE in future release should be out of scope of Rel-17 IAB. 

· The discussion should clarify the impacts of intra-frequency DC (if supported) to the existing Rel-17 IAB WID. 

3   Conclusion
The paper concludes with the following observations and proposals:

Observation 1: The Rel-16 support of the intra-donor CU topology redundancy scenario assumes to rely on inter-frequency DC but not intra-frequency DC.  

Observation 2: In Rel-17, RAN3 has agreed to consider the inter-donor CU topology redundancy where IAB MT is dual-connected with two parent nodes within two different IAB-donor-CUs. 
Observation 3: In Rel-17, RAN3 has agreed to consider the CP-UP separation scenario where IAB MT is dual-connected to both non-donor node and donor node for separate F1-C/F1-U traffic delivery. This scenario is commonly considered to target to inter-frequency DC. 
Proposal 1: The RAN plenary discussion on intra-frequency DC for IAB is suggested to take into account the following:
· The discussion should focus on intra-donor CU topology redundancy scenario only. 

· The potential enhancements to IAB-MT which is also applicable to the normal UE in future release should be out of scope of Rel-17 IAB. 

· The discussion should clarify the impacts of intra-frequency DC (if supported) to the existing Rel-17 IAB WID.  
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