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Introduction

As part of the WI on Integrated Access and Backhaul for NR [1], the following objectives have been captured:

Specification of procedures for IAB-node integration and topology adaptation, including [RAN3-led, RAN2]:

Procedures for IAB-node integration for SA and NSA modes, including enhancements needed to E-UTRAN for NSA mode. 
Figure 1 shows examples for SA-mode with NGC and NSA-mode with EPC. This figure gives two options for NSA mode:

b) UE operates in NSA with EPC while IAB-node operates in SA with NGC

c) UE and IAB-node operate in NSA with EPC. 
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Figure 1: Examples for operation in SA and NSA mode

In Option c, the IAB-node may use the LTE leg for IAB-node initial access and configuration. In this contribution, we analyze the integration procedure for the IAB-node operating in option c mode.
Discussion

In option c, IAB node operates in EN-DC mode. When integrating into the network, IAB-MT firstly establishes connectivity towards MeNB like a normal UE, the legacy LTE connection setup procedure can be reused. While if following the legacy cell selection procedure, the IAB-MT may select and connect to a legacy cell not supporting IAB functionality. If the MeNB selected does not support IAB, the IAB-MT has to re-select a new MeNB, which would increase the latency for IAB node access. Thus, IAB-MT should know which MeNB supports IAB, e.g. based on the preconfigured list including some MeNBs supporting IAB, or downloads the OAM configuration to get the candidate IAB cell(s) to access, or via system information broadcast by the MeNB.
Observation 1: It is beneficial for the IAB node to know which eNB supports IAB function.
After connecting to MeNB, the IAB-MT is able to access one or more NR cells via dual connectivity procedures such as secondary node addition. Different from the normal case, the MeNB needs to select an SN supporting IAB function for the IAB-MT. Thus, it is necessary for the LTE eNB to be aware that an IAB node accesses it. For SA mode, it was agreed that IAB-MT includes an IAB node indication in RRCSetupComplete message. Similarly, for NSA mode, IAB-MT can report its IAB node identity via RRCSetupComplete message as well. Then, the MeNB can configure the measurement for NR Cells supporting IAB. After that, based on the measurement reports from the accessing IAB node, MeNB can select a suitable donor CU, and thus parent node with IAB capability can be selected at donor CU. 

Observation 2: MeNB should know the accessing UE is an IAB node. 
Proposal 1: It is suggested that IAB-MT reports its IAB node identity to MeNB via RRCSetupComplete message.
During Secondary Node Addition procedure, SRB3 may be established. Currently, SRB3 may be used to send SN RRC Reconfiguration, SN RRC Reconfiguration Complete and SN Measurement Report messages, only in procedures where the MN is not involved. Since the NR BH related configuration is determined by donor CU without involving MeNB, if donor CU decides to establish SRB3, the backhaul related configuration can be sent to IAB-MT via SRB3, e.g. BH RLC channel configuration, UL routing configuration, BAP address and IP address configuration.

Proposal 2: During Secondary Node Addition procedure, SRB3 may be established to deliver NR BH related configuration to IAB-MT, e.g. BH RLC channel configuration, UL routing configuration, BAP address and IP address configuration.

According to the endoresed CR [2] in RAN3 #105 meeting, the IAB-node receives commands, configuration data and software downloads (e.g. for equipment software upgrades) from its OAM system. The IAB-node also send alarms and traffic counter information to its OAM system. The transport connection between the IAB-node and its OAM, using IP, is provided by the IAB-MT’s PDU session via 5G network, or the IAB-MT’s PDN connection via LTE network when IAB-MT uses EN-DC. Besides, we have a note that the transport connection between the IAB-node and its OAM may also be provided using the Backhaul IP layer by implementation. Hence, IAB-MT may establish OAM connectivity by the Backhaul IP layer, or using the IAB-MT’s PDN connection via LTE network after connecting with donor CU. Considering that the OAM traffic might be transmitted via NR BH link, BH RLC channel and routing need to be configured at the BH links beforehand.

Observation 3: IAB-MT may establish OAM connectivity by using the IAB-MT’s PDN connection via LTE network after connecting with donor CU, or the Backhaul IP layer by implementation.
For IP address allocation issue, since it is specific in IAB network, it should be align with the methods discussed in SA mode, where IAB node DU IP address can be obtained from OAM, donor CU or donor DU. IAB node may request one or more IP addresses from the donor CU via RRC. The donor CU may send the IP address(es) to the IAB node via RRC. The donor CU may obtain the IP address(es) from the donor DU via F1-AP or by other means (e.g. OAM, DHCP).
Proposal 3: For IP address allocation in NSA mode, it should be align with the methods discussed in SA mode.
In SA mode, before F1 setup, BH RLC channel and routing may be configured between the integrating IAB node and donor DU. The BH RLC channel is mainly used to deliver F1 setup related messages. In NSA mode, how to deliver the F1AP message has been discussed by RAN2, and the following two options as shown in Figure 2 were discussed. If F1AP message is delivered via BH link, BH RLC channel and routing need to be configured before F1 setup. 

Proposal 4: If F1-C message is delivered via NR BH link, BH RLC channel and routing should be configured at the NR BH link before F1 setup.
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Figure 2  UE and IAB-node operate in NSA with EPC             

Proposal 5: To agree the TP for TS 38.401 on NSA IAB node integration shown in Annex.        
Conclusion

In this contribution, we analyzed IAB node integration procedure in NSA mode. Based on the discussion, we have the following observations and proposals:

Observation 1: It is beneficial for the IAB node to know which eNB supports IAB function.
Observation 2: MeNB should know the accessing UE is an IAB node. 

Observation 3: IAB-MT may establish OAM connectivity by using the IAB-MT’s PDN connection via LTE network after connecting with donor CU, or the Backhaul IP layer by implementation.
Proposal 1: It is suggested that IAB-MT reports its IAB node identity to MeNB via RRCSetupComplete message.
Proposal 2: During Secondary Node Addition procedure, SRB3 may be established to deliver NR BH related configuration to IAB-MT, e.g. BH RLC channel configuration, UL routing configuration, BAP address and IP address configuration.

Proposal 3: For IP address allocation in NSA mode, it should be align with the methods discussed in SA mode.
Proposal 4: If F1-C message is delivered via NR BH link, BH RLC channel and routing should be configured at the NR BH link before F1 setup.             

Proposal 5: To agree the TP for TS 38.401 on NSA IAB node integration shown in Annex.    
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8.x
IAB-node Integration Procedure in NSA mode
A high-level flow chart for NSA-based IAB integration is shown in the Figure 8.x-1:
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Figure 8.x-1: The integration procedure for IAB-node

Phase 1: IAB-MT connect with E-UTRAN. In this phase, the MT functionality of the new IAB-node (e.g. IAB-node 2 in Figure 8.x-1) connects to the network as a normal UE, by performing RRC connection setup procedure with MeNB, authentication with the core network, IAB-node 2-related context management, IAB-node 2’s access traffic-related radio bearer configuration at the RAN side. To indicate its IAB capability, the IAB-MT includes the IAB-node indication in RRCSetupComplete message.
Phase 2: SgNB addition. The signalling flow for Secondary Node Addition procedure as defined in 8.4.1 should be used as baseline. An “IAB node indication” is included in SgNB Addition Request message. SRB3 may be setup to transmit configuration information between IAB-donor and IAB-node 2. Optionally, OAM connectivity may be established by using the IAB-MT’s PDN connection via LTE network.  
Phase 3-1: Backhaul RLC channel establishment. In this phase, the backhaul RLC channels for CP traffic e.g. carrying F1-C messages to and from the IAB-node, may be established if F1-C messages are delivered via NR BH link. This may require the setup of a new backhaul channel or modification of the existing backhaul RLC channel between IAB-node 1 and IAB-donor-DU.
NOTE: If the OAM connectivity is supported via backhaul IP layer by implementation, one or more backhaul RLC channels used for OAM traffic can also be established. 

Phase 3-2: Routing update. In this phase, the BAP layer may be updated to support routing between the new IAB-node 2 and the IAB-donor-DU, which is the same as SA routing update procedure as in the section 8.z.
Phase 4: IAB-DU part setup. In this phase, the DU functionality of IAB-node 2 is configured, which is the same as SA IAB-DU setup procedure as in the section 8.z.
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