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The WI on integrated access and backhaul for NR was setup in RAN#82[1], in which it mentions that support for NR-NR DC from the UE and IAB-node perspective. And in the RAN2#105bis meeting [2], the following agreement was achieved for IAB multi-connectivity.
· R2 assumes that the NR DC framework (e.g. MCG SCG related procedures) is used to configure dual radio links used as IAB bh links with two parent nodes.
In RAN2 #106 meeting, the following agreements are achieved [4]:
· In NR-DC framework for IAB nodes PDCP is not supported for BH RLC channels, so any PDCP related functions like “split bearer” is not supported, For routing etc BAP is used.
· In Rel-16, the d’ option is supported
· single donor node but two distinctive parent nodes
· In Rel-16, the parent nodes have to be connected to the same IAB-donor CU-CP
· For IAB node using EN-DC, from BAP and backhaul RLC channels point of view, this is a single link deployment (BAP route only by NR link).
In RAN2 #107 meeting, it has been agreed that [5]:
· Also the d’ can be supported by DC, by assigning the roles of MN and SN to the IAB nodes serving the outer leaf access IAB node.
This paper discusses the issues and impacts related to multiple connectivity for IAB.
Discussion
Procedures to support multiple connectivity
In the TR 38.874 [3], two cases of multiple connectivity are studied, which are captured as followings:
-	Case 1: UE is multi-connected to the IAB-donor via redundant routes (traditional DC scenario).
-	Case 2: IAB-node is multi-connected to the IAB-donor node via redundant routes.
Both use cases are important to mitigate the impact of blockage for high frequency. 
Case 1. Supporting UE multi-connectivity
Since the case 1 is traditional DC scenario, the NR-NR DC procedure can be reused from UE’s point of view. An example of the procedure is given as Figure 1.
The procedure contains the following steps:
1.	A connection to the SCG is established for the dual-connecting UE using Rel-15 NR procedures.
2.	The IAB donor CU configures a new BAP-layer route (SCG-route) as well as BH RLC channels on the wireless backhaul between new IAB-donor DU and the SCG IAB-node. 
3.	The IAB donor CU may add new F1-U GTP-U tunnel for the dual-connecting UE towards the SCG IAB node DU via the new IAB donor DU, and establish new F1-C towards SCG IAB node via the new IAB donor DU, the new F1-U and F1-C towards the SCG IAB node will be carried by the configured new route. In addition, mapping rules about the new F1-U related UE bearers will be configured for the involved nodes in the new route.


Figure 1. Procedure for adding SCG link for the UE connecting to the IAB-donor via redundant routes
RAN3 agrees the procedure of adding SCG link for the UE connecting IAB-donor via redundant routes.
Case 2. Supporting IAB node multi-connectivity
Based on the RAN2 #105bis meeting agreements shown in the introduction section, the IAB node can use NR DC frame work to support dual radio links towards two parent nodes. The F1*-U and F1*-C terminate at the access IAB node DU, thus, multiple connecting IAB node can forward the F1*-U and F1*-C packets from either route towards the IAB donor CU. 
For the IAB node, when it serves UE or child node, there seems no obvious functional difference between the MN and SN of the IAB node, i.e. both the MN and SN provide backhaul path towards the IAB donor CU. For simplicity, the first built route can be defined as MCG path, and the second built route can be defined as SCG path. The procedure for adding SCG link and redundant route to dual-connecting IAB-node should be defined also, an example similar to the section 9.7.9 of TR 38.874 [2] is shown in Figure 2.
1. A connection to the SCG on established for the dual-connecting IAB-node MT using Rel-15 NR procedures.
2. [bookmark: OLE_LINK38]The IAB donor CU configures BAP routing entry of the dual-connecting IAB-node to the nodes along the SCG path, the BH RLC channels and corresponding mapping rules in the link across the SCG path may be updated as well. The configuration of BAP layer in the dual-connecting IAB-node should be updated also, including the routing via SCG path, and BH RLC channels towards SN. It is worth noting that if the SCG path use different IAB donor DU from the MCG path, the dual-connecting IAB-node may need to obtain a new IP address for routing via SCG.
3. New TNL association among the dual-connecting IAB-node and the IAB donor CU may need to be established using the new IP address obtained in step 2. And the IAB donor CU can further redirect some F1-U or F1-C traffic to the SCG path via the new route.
RAN3 takes the procedure for adding SCG link for the IAB node as baseline for supporting BH multi-connectivity.



Figure 2. Procedure for adding SCG link for the UE connecting to the IAB-donor via redundant routes
How to support UE PDCP duplication in BH links
One of the principle of designing an IAB network is to be agnostic to the Rel-15 UE. Functions for Rel-15 UE should be supported in the IAB network as much as possible. PDCP duplication is an essential feature of Rel15 UE to support higher reliability. There are two type PDCP duplications, i.e. CA based PDCP duplication and DC based PDCP duplication. On the other hand, supporting PDCP duplication is beneficial for reliability guarantee in case the blockage issue for IAB-node operating in high frequency. Therefore, both the two multiple connectivity cases should support UE PDCP duplication. 
UE PDCP duplication, including both CA based and DC based, should be supported. 
In NR access link, the UE’s PDCP PDU and a duplicated one will be transmitted via two logical channels in two different paths, i.e. either via two logical channels constrained with two different cell in CA case, or via two different cell groups in DC case. Such way can provide path diversity gain and provide higher reliability for UE’s traffic. Therefore, to support UE PDCP duplication in IAB networks, and achieve high reliability and low latency in the backhaul link through multiple hops, similar principle should be reused. It means that the network should ensure that UE’s two same PDCP PDUs be delivered via two different paths towards IAB donor. If the two paths share one or more BH link, the duplicated PDCP PDUs should be mapped to two separate BH RLC channels in these shared links. 
UE’s duplicated PDCP PDUs should be transmitted via two different paths towards IAB donor, and be mapped to two different BH RLC channels even if the two paths share same link.
For a given backhaul link, the parent DU (either the IAB donor DU or the IAB-DU) should configure separated allowed serving cells for the separated BH RLC channels of the radio bearer configured with PDCP duplication. Therefore, during the BH RLC channel setup procedure, the IAB donor CU should using F1AP message to indicate the parent DU which pair of BH RLC channels are associated with one UE radio bearer configured with PDCP duplication. Then, the parent DU can configure two LCHs and allocate two LCID values for these two LCHs. Correspondingly, separated allowedServingCells for each LCH are allocated by the parent DU and indicated to the IAB donor CU. At last, the IAB donor CU configures the MT with all these LCH related parameters (e.g. LCID and allowedServingCells) by RRC signalling.
In the F1AP message used to configure BH RLC channels for a parent DU, the IAB donor CU indicates the parent DU about which pair of BH RLC channels are associated with one UE radio bearer configured with PDCP duplication.
Parent DU configures two LCHs corresponding to a UE radio bearer configured with PDCP duplication, and allocates separated allowedServingCells for each LCH and send indication to IAB donor CU via a response F1AP message.
Conclusion
In this paper, we discuss the issues and impacts related to multiple connectivity for IAB network and we propose:
1. RAN3 agrees the procedure of adding SCG link for the UE connecting IAB-donor via redundant routes.
1. RAN3 takes the procedure for adding SCG link for the IAB node as baseline for supporting BH multi-connectivity.
UE PDCP duplication, including both CA based and DC based, should be supported.
UE’s duplicated PDCP PDUs should be transmitted via two different paths towards IAB donor, and be mapped to two different BH RLC channels even if the two paths share same link.
[bookmark: _GoBack]In the F1AP message used to configure BH RLC channels for a parent DU, the IAB donor CU indicates the parent DU about which pair of BH RLC channels are associated with one UE radio bearer configured with PDCP duplication.
Parent DU configures two LCHs corresponding to a UE radio bearer configured with PDCP duplication, and allocates separated allowedServingCells for each LCH and send indication to IAB donor CU via a response F1AP message.
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