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1 Introduction
In the last RAN3 #101 meeting, based on an agreed TP[1], it was agreed to support route redundancy either using a single MT function or multiple MT functions for arch group 1. An example of route redundancy architectures are shown in the following. 
	…

Multi-connectivity or route redundancy may be used for back-up purposes. It is also possible that redundant routes are used concurrently, e.g., to achieve load balancing, reliability, etc. 
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Figure 9.2.3: Route redundancy in arch group 1 either using single MT function or multiple MT functions


In this contribution, we provide some investigations on multi-connectivity and it use for backhaul of IAB node’s. We also compare how the two options support multiple connectivity for an IAB backhaul link. 
2 Discussion
2.1 How to enable multi-connectivity in an IAB backhaul link
Since the standardization of NR DC has not been completed yet, we take LTE DC as our starting point for discussion. Compared with LTE DC, multiple connectivity for IAB nodes has some specific characteristics.
1) Whether there is a need to differentiate different parent nodes as MN and SN for IAB node multi-connectivity？
In LTE DC, the eNB acts either as a Master or as a Secondary node, and the control plane must be transmitted by the master node. If RLF occurs for the master eNB, the UE shall perform RRC connection re-establishment. 
However, different from the master-secondary concept in LTE DC, the roles of IAB node’s parent nodes seems to be equal, since the IAB node’s peer control layer (RRC or F1AP) entities are located at the IAB donor (or CU or CU-CP), and all other intermediate IAB nodes perform forwarding of the control signalling. 
For the intra-donor multi-connectivity case, it is reasonable to treat all parent nodes of an IAB node equally, and not to assign MN and SN roles to different parent nodes. Thus, the control signaling can be sent on each link, and RRC connection re-establishment should only be performed in case all serving links becoming unavailable.
For the inter-donor multi-connectivity case, one of the IAB donors can be taken as the master donor node, only the CU-CP of the master donor node will terminate the RRC for the UE or a given IAB node’s MT part, as well as the F1AP of the given IAB node’s DU part. While other donor nodes can be equally considered as secondary donor nodes. The roles of the given IAB node’s parent IAB nodes are equal also. Furthermore, if there are multiple backhaul paths towards the same master donor node, these multiple backhaul paths may be configured to forward control signaling between the given IAB node and the master donor node without any differentiation, or some designated path is configured to preferentially carry control signaling.
Proposal 1 Some specific enhancements for multiple connectivity of IAB should be studied, e.g.
- generalization of master-secondary paradigm for intra-donor case;
- specify master donor node and/or donor backhaul path for inter-donor case.
2) How to support multiple connectivity of an IAB node？

In LTE DC, a single UE can connect to two eNBs with one PDCP and two separate RLC/MAC/PHY parts. For the multiple connectivity in IAB backhaul links, the following two options were agreed to be candidate solutions.

Option A. Support multiple connectivity in backhaul links with single MT 
Option B. Support multiple connectivity in backhaul links with multiple MTs

We analyze and compare the two options for the following aspects.
· Support of multiple connectivity for user plane:
For the transmission of user plane data, since that the PDCP layer is located at the UE and IAB donor (or CU) in architecture group 1, it seems that both option A and option B can support multiple connectivity for the UP in a same way, i.e. using separate BH-L2 (e.g. RLC, adapt, MAC, etc.) layer entities in different backhaul paths. UP packets will be delivered to a single PDCP entity in the end receiving node (UE for downlink, or IAB donor for uplink).
· Support of multiple connectivity for control plane signaling: 
CP signaling (F1AP or MT’s RRC) needs to be protected over the wireless links. For example, as shown in the CP alternative 1-3 and 5 for architecture 1a [2], the security function of the MT’s PDCP layer is responsible for providing such essential protection. 
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Figure 1. Support of real multiple connectivity for CP signaling via options A and B.
However, as shown in Figure 1-B), if this option is used, it is hard for the CP signaling to be transmitted via different backhaul paths, each of the different backhaul paths corresponds to separate MTs, and the PDCP entity of these MTs are independent. Thus option B will not ensure in-order delivery of CP signaling related packets. 
In contrast, as shown in Figure 1-A), if only one MT is supported in the IAB node, one F1AP is related to only one PDCP entity, and then the PDCP PDUs will be split to multiple backhaul paths with separate lower layers. Thus, with option A, CP signaling related packets received from multiple backhaul paths can be delivered to a single PDCP entity. This PDCP entity will ensure in-order delivery to upper layers (MT’s RRC or F1AP). Option A is similar to the current UE’s dual connectivity, has and would result in less standardization impact when compared to option B.
Observation 1: For the transmission of user plane data, both the single MT option and multiple MT option can support multiple connectivity in a same way.
Observation 2: The single MT option seems more straight forwardly support multi-connectivity for the CP than the multiple MTs option. 
Proposal 2 The previous analysis regarding single MT vs. multiple MTs should be taken into consideration when compare these two options for multiple connectivity of IAB nodes.
3 Conclusion and Proposals
In this contribution we discussed how to support multiple connectivity in backhaul links, and obtain the following observations and proposals
Proposal 3 Some specific enhancements for multiple connectivity of IAB should be studied, e.g.
- generalization of master-secondary paradigm for intra-donor case;

- specify master donor node and/or donor backhaul path for inter-donor case.
Observation 1: For the transmission of user plane data, both the single MT option and multiple MTs option can support the multiple connectivity in a same way.
Observation 2: The single MT option seems more straight forwardly support multi-connectivity for the CP than the multiple MTs option.  
Proposal 4 The previous analysis about single MT option and multiple MTs option should be taken into consideration when compare the two options for multiple connectivity of IAB nodes.
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