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Introduction
In the WID for Rel-17 IAB work [1], the objective related to dual-connectivity scenarios asks for
	Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _GoBack]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.



TS 38.300 [2] states already about this
	“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 RLC links with two parent nodes. The parent nodes have to be connected to the same IAB-donor CU-CP, which controls the establishment and release of redundant routes via these two parent nodes. The parent nodes together with the IAB-donor CU obtain the roles of the IAB-MT’s master node and secondary node. The NR DC framework (e.g., MCG/SCG-related procedures) is used to configure the dual radio links with the parent nodes (TS37.340 [21]).”



Following further the reference of TS 37.340 [3] about MR-DC, it is specified that
	"In MR-DC, two or more Component Carriers (CCs) may be aggregated over two cell groups.”



In RAN1 #102e, in [4] it was proposed
	Proposal 3:
Rel-17 includes enhancements for efficient IAB-DU resource coordination across links to the multiple parents sharing the same time / frequency resources.
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Figure 1: Inter-carrier DC (with one parent using carrier C1 and the other parent using a different carrier C2) vs. intra-carrier DC (with both parents using carrier C1).
Figure 1 depicts the situation of DC using different carriers (inter-carrier DC) and a DC scenario in which both IAB parent nodes use the same carrier on the child backhaul links (intra-carrier DC).
The above was discussed, but only a conclusion was noted by the chairman that “[f]urther discussion in RAN3/RAN Plenary may be necessary for the intra-carrier DC scenario” [5].
A discussion in RAN #89 ended with no proposal or convergence on the question of whether intra-frequency multiplexing for dual-connectivity (or dual-parent) scenarios should be considered in Rel-17 IAB.
A further discussion on DC scenarios took place in RAN1 #103e [6]. It was agreed to support inter-carrier DC (both inter- and intra-band); it was not agreed on to support specific enhancements for or intra-carrier DC scenarios in general.
In this contribution we present our views on the support of DC scenario in IAB Rel-17 from a formal as well as from a technical perspective.
[bookmark: _Ref178064866]Discussion
Objectives of Rel-17 enhanced IAB WI
The WID clearly states that multiplexing will take place between pairs of child and parent links (e.g., MT Tx/DU Tx), not for an arbitrary combination within a set of child and parent links, such as between two parent links. For this reason, resource multiplexing between two parent links is not included in the WID unless part of the existing DC framework (as defined by RAN2/3). We do not think, the mere fact that the WID asks for “enhancements to the resource multiplexing” justifies any further interpretation, as the WID is usually understood inclusive and does not guide by stating what is not included.
[bookmark: _Toc57622379]The WID clearly states that enhancement to the resource multiplexing will take place between pairs consisting of a child and a parent link (e.g., MT-Tx/DU-Tx), not any combination within an arbitrary set of child and parent links, such as between two parent links.
[bookmark: _Toc57622380]Resource multiplexing between two parent links is not included in the WID unless part of the existing DC framework.
Furthermore, the second sub-bullet clearly states that RAN2 or RAN3 are responsible for defining the DC scenarios. Here it is worth noting that intra-carrier DC is not even a specified scenario in any 3GPP specification. The objective of Rel-17 enhanced IAB should be that the IAB-MT function, as in the Rel-16 specification, adapts existing UE functionalities to fit the IAB context. The view that IAB DC should be based on existing DC framework is a view that was shared among many companies in the most recent RAN meeting [7].  Consequently, intra-carrier DC operation should first, if at all, be discussed in relation to the MR-DC specification. To instead undertake such specification work in the IAB WI is clearly beyond the scope of the IAB WID. 
[bookmark: _Toc57622381]Intra-carrier DC is not included in the WI since it is not a specified DC functionality. 
Resource coordination
According to the IAB TR 38.874 [8], when operating in SA-mode, an NR+NR dual connected IAB-node can add redundant routes by establishing an MCG-link to one parent node IAB-DU and an SCG-link to another parent node IAB-DU. The dual-connecting IAB-MT will enable the SCG link using the Rel-15 NR-DC procedures [2]. As described in TS 37.340 [3], NR+NR dual connectivity is a Multi-Radio Dual Connectivity (MR-DC) configuration with the 5GC. In MR-DC, two or more Component Carriers (CCs) may be aggregated over two cell groups for the purpose of bandwidth extension. This is a typical inter-carrier NR-DC framework where the MCG-link and the SCG-link are using independent carriers for which a coordination of time and frequency resource is not required.
[bookmark: _Toc57622382]Inter-carrier NR-DC is already supported in Rel-16 specification. For independent carriers, resource coordination is not needed.
In the current NR-DC framework, the MCG-link and the SCG-link are equipped with distinct schedulers which can operate independently over the entire MCG and SCG carriers. MCG and SCG links having common frequency and time resources will impose a need for resource coordination where independent scheduling is not possible, contradicting current DC specification. In fact, there is no support for RRM requirements in TS 38.133 [9] for NR-DC other than for inter-band CC constellations. We note that RRM requirements are not the only missing aspects to enable intra-carrier DC.
[bookmark: _Toc57622383]Intra-carrier NR-DC is not supported in Rel-16 specification. For common component carriers in MCG and SCG, at least existing DC resource coordination is incompatible with intra-carrier NR-DC and RRM requirements are left out in Rel-16.
In order to fully take advantage of intra-carrier DC, scheduler coordination is necessary. Without scheduler coordination, the parent nodes will be severely restricted in their use of the carrier, significantly reducing the spectrum utilization and thereby network capacity. The need for scheduler coordination infers strict latency requirements on the backhaul communication between the parent nodes. In the current IAB framework, there is no direct communication between the parent nodes and signaling via the donor-CU can incur a substantial latency; any NR-based information exchange is subject to occasional retransmissions that will also need to be taken into account in the scheduler coordination.
[bookmark: _Toc57622384]For intra-carrier DC, dynamic scheduler coordination of parent IAB-nodes over an IAB backhaul link is an essential aspect for resource coordination of parent nodes.
Timing requirements for intra-carrier DC
From a DC link perspective, it is important that DC resources are aggregated to achieve high network capacity. Simultaneous reception from both MCG and SCG BWPs, comprised within the same carrier, would tighten the synchronization requirements on OFDM symbols. However, in IAB networks, an ideal synchronization of the parent nodes is not guaranteed for various reasons, e.g., there is no requirement on T_delta in OTA-based timing alignment. Even a GNSS based synchronization across nodes leaves only a requirement of the allowed cell phase error of 3 µs between cells. Simultaneous reception on the same carrier from two parent nodes should be within a CP which implies severe restrictions in IAB deployment. The restrictions are tighter than that, since the CP would need to absorb not only the synchronization errors, but also differences in propagation delay and channel delay spread. For FR2, a CP duration of 0.6 µs already limits the difference in deployment distance to the respective parent nodes to (a theoretical) 180 m.
[bookmark: _Toc57622385]For FR2, DC synchronization requirements would imply severe, if not impossible, restrictions in the IAB deployment.
The above deployment restriction is a strong reason why intra-band DC is only specified for collocated DUs [9]. However, such a deployment alternative makes little sense when the motive for DC is topology adaptation for improved robustness and load balancing, and not increased capacity.
Summary
We see little practical use for intra-carrier DC for the objectives stated in the WID, i.e., topology redundancy for improved robustness and load balancing. FR2 offers wider operating bandwidths, even wider than the maximum NR carrier BWs. In such a deployment, there is little use as instead intra-band, inter-carrier DC, as agreed in RAN1 #103e [6], can be configured. FR1, on the other hand, offers little and narrow BWs of unpaired spectrum which makes it ill-suited for backhauling to start with, even more so if such a carrier additionally is used for intra-carrier DC. Extending the scope of the current WID is not justified.
[bookmark: _Toc57622386]There is little practical use of intra-carrier DC in FR1 and no need in existing FR2 spectrum. Hence, extending the scope of the current WID is not justified.
Besides the complexity in resource coordination and synchronization of the parent nodes, frequent co-channel interference measurement would be needed to enable intra-carrier DC. It is also worth mentioning again that there is no RF specification to support intra-carrier DC. In conclusion, specification of intra-carrier DC will require extensive work that is not accounted for in the time budget of the current WI planning and when RAN is considering a general down scoping of Rel-17 [10].
[bookmark: _Toc57622387]Implementation of intra-carrier DC will require extensive work that is not accounted for in time budget of the current WI planning.
Based on the above observations, we think Intra-carrier DC should not be further studied for Rel-17 enhanced IAB.
[bookmark: _Toc57648997]RAN plenary to clarify that intra-carrier DC is not included in the WID for Rel-17 enhanced IAB.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The WID clearly states that enhancement to the resource multiplexing will take place between pairs consisting of a child and a parent link (e.g., MT-Tx/DU-Tx), not any combination within an arbitrary set of child and parent links, such as between two parent links.
Observation 2	Resource multiplexing between two parent links is not included in the WID unless part of the existing DC framework.
Observation 3	Intra-carrier DC is not included in the WI since it is not a specified DC functionality.
Observation 4	Inter-carrier NR-DC is already supported in Rel-16 specification. For independent carriers, resource coordination is not needed.
Observation 5	Intra-carrier NR-DC is not supported in Rel-16 specification. For common component carriers in MCG and SCG, at least existing DC resource coordination is incompatible with intra-carrier NR-DC and RRM requirements are left out in Rel-16.
Observation 6	For intra-carrier DC, dynamic scheduler coordination of parent IAB-nodes over an IAB backhaul link is an essential aspect for resource coordination of parent nodes.
Observation 7	For FR2, DC synchronization requirements would imply severe, if not impossible, restrictions in the IAB deployment.
Observation 8	There is little practical use of intra-carrier DC in FR1 and no need in existing FR2 spectrum. Hence, extending the scope of the current WID is not justified.
Observation 9	Implementation of intra-carrier DC will require extensive work that is not accounted for in time budget of the current WI planning.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN plenary to clarify that intra-carrier DC is not included in the WID for Rel-17 enhanced IAB.
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