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1	Introduction
At RAN#86, the Work Item on Enhancements for Integrated Access and Backhaul was agreed (NR_IAB_enh) [1]. As WI Rapporteur, in this contribution, we recommend a work plan for RAN1, RAN2, RAN3 and RAN4. The workplan captures interdependences among tasks and timeline for RAN1/2/3/4.
The WID [1] introduced the following objectives in the core part: 

	[bookmark: _Hlk26854989][bookmark: _Hlk26854481]Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]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.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.

Topology adaptation enhancements [RAN3-led, RAN2]:
· Specification of procedures for inter-donor IAB-node migration to enhance robustness and load-balancing, including enhancements to reduce signalling load.   
· Specification of enhancements to reduce service interruption due to IAB-node migration and BH RLF recovery.
· Specification of enhancements to topological redundancy, including support of CP/UP separation.

Topology, routing and transport enhancements [RAN2-led, RAN3]:
· Specifications of enhancements to improve topology-wide fairness, multi-hop latency and congestion mitigation 

RF and RRM requirements [RAN4-led]:
· Definition of IAB node RF requirements if needed for any Rel-17 extensions.
· Definition of RRM core requirements if needed for any Rel-17 extensions.




The WID [1] introduced the following objectives in the performance part:

	· Specification of RRM performance requirements for Rel-17 enhancements.
· Specification of demodulation performance requirements for Rel-17 enhancements.
· Specification of conformance testing requirements for Rel-17 enhancements
[RAN4]


 

2	Workplan
2.1	Prioritization of efforts
This section captures the interdependences among the various tasks defined in the WID [1]. 

RAN1-led efforts:
The WID defines two main objectives related to physical layer enhancements, which are led by RAN1. These objectives are expected to cause impact on RAN2/3 on later stage of the WI, mostly related to L3 configuration. The RAN2/3-related efforts will be explicitly captured under the RAN2/3-led objectives as time moves on. 

RAN2-led and RAN3-led efforts:
The WID defines one RAN-2-led objective as well as three RAN3-led objectives.
Based on experience made during Rel-16 IAB WI, it can be expected that most of these objectives have strong interdependences between these WGs. This interdependence can be handled via parallel discussions as well as liaisons exchanged between both WGs. Some initial effort may be necessary by RAN3, e.g., to define new procedures such as for inter-donor topology adaptation, before associated RAN2 work can start. 

RAN4-led efforts (core part):
The WID defines the two objectives in the core part led by RAN4. The RAN-4 effort depends on prior work by the other RAN WGs, mostly RAN1.

RAN4-led efforts (performance part):
The WID defines the three objectives in the performance part led by RAN4.

2.2	Timeline
Table 1 summarizes a timeline for RAN1/2/3/4. 
The timeline and the TU allocation are based on the latest SR agreed in RAN#92. The RAN1 schedule has been moved back by 6 months and the RAN2/3 schedules have been moved back by 3 months due to delays of Rel-16. The RAN4 core part schedule has been moved back by 9 months due to RAN4’s delay with completion of Rel-16 IAB efforts and TU limitation. The RAN4 performance part schedule has been moved back to 2022Q3.  Some changes to this timeline may occur, e.g., due to replacement of in-lieu meeting with e-meetings.
Since the WI primarily defines enhancements to Rel-16 IAB functionality, the various objectives can be mostly addressed in parallel. Further, since the WID objectives are rather general, the first meeting in each WG should emphasize on scoping the effort.
Table 1: Timeline for RAN1, 2, 3, 4 efforts
	TSG/WG
	Meeting Number
	Date
	TU
	Task

	RAN2
	#116bis-e
	Jan 17-25, 2022
	1
	Discuss and converge on topics in R2-2200023. This includes:
RLF indications: 
· Type-2 indication: Discuss and agree:
· whether a type-2 indication by dual-connected node can be triggered when (1) the node detects BH RLF on any BH link and (2) it cannot perform re-routing for affected traffic
· whether a type-2 indication may carry info such as available BAP routing ID
· whether a type-2 indication should be (conditionally) propagated (e.g., if no alternative path is available).
· Type-3 indication: Discuss and agree:
· For transmission of type-3 indication, whether to specify a condition for the success of re-establishment, e.g., successful transmission of RRC Reestablishment Complete.

CP-UP separation: Discuss and agree:
· whether, for scenario-2 where the IAB-MT uses split SRB2, the IAB-MT’s RRC message that carries F1-C/F1-C-related traffic uses the leg based on f1c-TransferPath-r17 configuration even if the other leg is indicated in the primaryPath configuration.
· For the same scenario, what if the IAB-MT’s RRC message carries both, (1) F1-C traffic and (2) other information unrelated to F1-C.

BAP routing: 
· For configurations at the boundary node, how to decide whether:
· BAP address of boundary node in RRC refers to: topology 1 vs. topology 2
· Mapping of next-hop BAP address to egress link config in RRC (UL): Topology 1 vs. Topology 2.
· BAP routing entry in F1AP refers to: Topology 1 DL vs. topology 1 UL vs. topology 2 UL
· BAP rewriting entry in F1AP (RAN3 WA) refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology UL.
· BH RLC CH mapping in F1AP refers to: Inter-topology DL vs. inter-topology UL vs. intra-topology DL vs. intra-topology UL.
· UL mapping in F1AP refers to: Topology 1 vs. topology 2.

· How to explicitly indicate a “topology” in a configuration (i.e., “top1” vs “top2”):
· For RRC: E.g., not necessary since implicit.
· For F1AP: E.g., implicit for topology of configuring CU and explicit indicator for topology of non-configuring CU.

· We introduced two new BAP processing steps at the boundary node: (1) determining whether descendant traffic is intra- or inter-topology traffic, and (2) execution of BAP header-rewriting. 
· Should these steps be performed by the BAP TX entity or the BAP RX entity? Should they be different for UL and DL (note: This would break with Rel-16 principles). 
· Is this different for inter-topology routing vs. (intra/inter-topology) inter-donor-DU re-routing?

MAC CEs for PHY layer support
·  RAN1 has sent LS R1-2112977 with the request for support of higher layer parameters. As indicated in this LS, the list of MAC CEs required for eIAB is contained in the spreadsheet in R1-2112976. Based on this spreadsheet, RAN2 needs to support the following MAC CEs:
· Desired guard symbols
· Provided guard symbols
· Child IAB-DU restricted beam indication
· Timing case indication
· Case-7 timing offset
· Desired DL TX power adjustment
· DL TX power adjustment
· Desired IAB-MT PSD range
· 
Continue efforts

	RAN3
	#114bis-e
	Jan 17-26, 2022
	1
	Discuss and converge on the following topics:
AI 13.2.1.1
IP address management 
Issue 1 (critical): For IP address assignment, how does CU2 replace the old IP addresses: 
· Option 1: CU1 includes information on the old IP addresses (i.e., type and quantity of IP addresses for each traffic type) in the RRC container of the Xn message, so that CU2 can do a one-by-one replacement. 
· Option 2: CU1 does not include information on old IP addresses, and CU2’s assignment of new IP addresses removes all old IP addresses.
The Rapporteur does not see any other option. 
Issue 2 (critical): How to allow the boundary node to report outer and inner IP addresses of F1-C and other types of IP addresses for IPsec tunnel mode? 
The WI Rapporteur has the following understanding:
· Inner IP address for F1-C and SCTP: Explicitly used by F1-C messages such as gNB-DU-CONFIGURATION UPDATE message and SCTP signaling.
· Outer address for F1-C: Explicitly used by IKE and IPsec. Terminated at SeGW. Need not be known by CU1, only by the SeGW.
· Inner/outer IP addresses for non-F1 traffic (e.g., OAM traffic): Need not be known by CU1.
This implies that nothing needs to be done here. Do you agree with this understanding?
Issue 3 (less critical): How CU1 sets IPv6 FL in DL packets of IKE/SCTP-INIT handshakes during migration, and CU1 therefore does not know from which IAB-DU the IKE/SCTP-INIT packets come from. Options mentioned in last meeting:
· Option 1: All IKE/SCTP-INIT traffic uses same FL.
· Option 2: CU2 configures two DL mappings, one with IP address, the other with IP address + IPv6 FL, and it applies precedence to longer match. CU1 can set any FL6 for IKE/SCTP-INIT packets.
· Option 3: Initially, DL mapping is only configured based on IP address. QoS info is exchanged after CP has been established and then DL mapping is configured.
The Rapporteur believes that (at least) option 3 can be applied based on implementation. For this reason, this issue is less critical.

New Xn procedure 
Issue 4 (critical):  We agreed to have a new Xn procedure to enable traffic offloading for the boundary node. 
· Could the new Xn procedure occur before Xn HO?
· When CU2 receives this Xn message: 
· How does it identify the boundary node this message applies to? 
· How does it identify the boundary node in case the message is sent before the Xn HO? 
· How does it identify the boundary node in case the message is sent after the UE Context Release message has been issued to CU1?
· Is this procedure UA or NUA? If UA, which “UE” does it refer to? If NUA, how does it refer to the boundary node?
Issue 5 (critical):  We agreed to have a new Xn procedure for IP address info/QoS info/L2 info exchange for descendant nodes. 
· Could the new Xn procedure occur before Xn HO?
· When CU2 receives this Xn message: 
· How does it identify the boundary node this descendent node is connected to? 
· How does it identify this boundary node in case the message is sent before the Xn HO? 
· How does it identify the boundary node in case the message is sent after the UE Context Release message has been issue to CU1?
· Is this procedure UA or NUA? If UA, which “UE” does it refer to? If NUA, how does it refer to the boundary node?
The Rapporteur believes that these issues are exactly the same as for the boundary node. The Rapporteur is therefore wondering:
· Should we consider using the same Xn procedure for descendent nodes as for the boundary node? 
· In this case, how would CU2 know if the message (or the IE carried in the message) applies to the boundary or the descendent node? Does it need to know it?
Issue 6 (less critical): Should QoS info exchange for boundary/descendent nodes in Xn HO and SN addition/modification be supported
· We decided to include all multiplexing info into existing XnAP procedures (see AI 13.4.1) while we introduce a new procedure for QoS info exchange. This raises the question if QoS info exchange via Xn HO, SN addition/modification should be supported, too. 
Issue 7 (less critical): Revocation for IAB-node migration and inter-donor redundancy
· The Rapporteur believes that the following will work by default, i.e., without further agreement:
· IAB-MT migration from CU2 to CU1 uses the same Xn HO procedure as IAB-MT migration from CU1 to CU2. The RRC-terminating CU initiates this procedure. 
· For inter-donor redundancy, CU1 can migrate traffic forth and back between MCG and SCG paths. 
· Enhancement:
· Can the initiation of the Xn HO procedure CU2->CU1 be triggered by CU1, e.g., in case the initial migration was caused due to overload in topology 1 and the load condition has improved?
· For redundancy, can traffic migration from CU2 back to CU1 be triggered/requested by CU2, e.g., due to overload building up in topology 2?
AI 13.2.2:
Solution 1 for source-path delivery of RRC Reconfiguration (critical):
· St3: How to indicate in F1AP that RRC Reconfiguration is to be withheld.
· What are the trigger conditions for the descendent to release RRC Reconfiguration messages withheld from the descendant’s child node(s)?
· Behavior of parent node in case a second RRC Reconfiguration arrives for a child node before the trigger condition is met for the release of an RRC Reconfiguration withheld?
· How would solution 1 be applied when the migrating IAB-node is configured with CHO rather than regular HO command?
Note: Avoidance of descendent-node reconfiguration will be pursued as soon as we have finished the baseline solution for descendent-node reconfiguration.

AI 13.2.3:
QoS-info transfer (critical)
RAN3 agreed on detailed information to be passed between CU1 and CU2 for the transfer of traffic of the boundary node and the descendent node. Open questions on content of Xn signaling:
· What does QoS info contain (1) for non-UP traffic and (2) for each bundle of F1-U tunnels?
· DL CU1->CU2: Does the list of DL IP addresses included with the QoS info also include a traffic type (F1-U, F1-C, non-F1, all traffic)?
· DL/UL CU1->CU2: Why is the egress BAP routing ID, egress BH RLC CH needed? The Rapporteur believes that it is needed to avoid 1:N mapping. So we should agree on it. Any other reasons?
· DL/UL CU2->CU1: Is inclusion of the prior-hop/next-hop BAP address needed? The Rapporteur believes this needs to be included to specify the BH link of the ingress/egress BH RLC CH ID contained in the same message. So we should agree on it. Any other reasons?
· What other info needs to be included and why?

NOTE: At this late stage of the WI, the Rapporteur recommends not to sit and wait for RAN2 decisions. Instead, RAN3 itself can design a consistent solution. RAN2/3 delegates of each company can mutually synch up offline.

AI 13.3.2
Inter-donor-DU rerouting (less critical)
The Rapporteur believes that static implementation-based tunneling would work. For this reason, CU-based configuration of inter-donor-DU tunnel is less critical.
Enhancement: For CU-based configuration of inter-donor-DU tunnels:
· St3: IP prefix or list of IP addresses that define the condition for tunneling 
· How CU configures the tunnel end point for each IP prefix/list of IP addresses
· The main issue is the type of IP tunnel to be used (GTP-U? GRE? IPinIP?). 
· How the IAB-donor-DU selects the tunnel for a particular IP prefix/list of IP addresses configured? 
· The Rapporteur believes that this can be done by including the tunnel-end-point donor-DU IP address with the IP prefix/list of IP addresses used for the tunneling condition.
AI 13.4.1
Xn procedure for inter-CU resource coordination (critical)
· Do we need a new XnAP procedure for the transfer of multiplexing information (e.g., for HSNA update in support of load balancing)? 
· We use a new procedure for the QoS info transfer. Could we use the same new XnAP procedure(s) we introduced for QoS info transfer?
 
Duplexing enhancements (critical)
Support of RAN1 enhancements to radio-resource multiplexing (FDM, per-child not-available signaling, etc.) contained in R1-2112977.
 
Continue efforts

	RAN4RF
	#101e-bis
	Jan 17-25, 2022
	1

	Core part: Continue efforts on 
Simultaneous operation of IAB node’s child and parent links
· Discussion on clarification wording with respect to intra-node TX power imbalance case  based on RAN#101e agreement  
Timing related enhancement 
· Study further on Timing error between intra-node IAB-DU and IAB-MT transmission with timing case#6.
Others
- Discussion triggered by other WGs input

	RAN4RD
	#101e-bis
	Jan 17-25, 2022
	0.5

	Core part: Continue efforts on 
· If additional RRM update needed for timing case# 6
· If additional RRM update needed for CLI measurement


	RAN2
	#117e
	Feb 21-March 3, 2022
	1
	Finalize efforts

	RAN3
	#115e
	Feb 21-March 3, 2022
	2
	Finalize efforts

	RAN4RF
	#102e
	Feb 21-March 3, 2022
	1
0.5
	Core part: Finalize efforts
Perf part: initial discussion

	RAN4RD
	#102e
	Feb 21-March 3, 2022
	0.5
0.25
	Core part: Finalize efforts
Perf part: initial discussion

	RAN
	#95
	March 2022
	
	Rel-17 functional freeze

	RAN4RF
	#102bis
	Apr 4-8, 2022
	0.5
	Perf part: continue discussion

	RAN4RD
	#102bis
	Apr 4-8, 2022
	0.5
	Perf part: continue discussion

	RAN4RF
	#103
	May 16-20, 2022
	0.5
	Perf part: continue discussion

	RAN4RD
	#103
	May 16-20, 2022
	0.5
	Perf part: continue discussion

	RAN
	#96
	June 2022
	
	Rel-17 ASN.1 freeze

	RAN4RF
	#103
	Aug, 2022
	0.5
	Perf part: Finalize efforts

	RAN4RD
	#103
	Apr, 2022
	0.5
	Perf part: Finalize efforts
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