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1. Introduction
In the RAN#84 plenary meeting, IAB enhancement is identified as a potential work area in Rel-17. According to the email discussion [1], the potential topics for the Rel-17 IAB scoping are listed as follows: 

· Duplexing enhancements 

· Also includes NR-DC resource allocation and cross-link interference

· Topology adaptation enhancements 

· Includes mobile IAB

· Topology/routing enhancements

· Entails enhancements to support mesh connectivity

· Unlicensed band (NR-U)

· This requires further scoping of effort
· Network coding

· The discussion will only focus on IAB use cases

Considering the limited time for Rel-17, it is questionable whether all the potential topics should be considered within the R17 IAB WI (Now network coding is said to aim to a SI). Based on the nature and necessity of each topic, some of them may be de-prioritized to save time for a full completion of high quality IAB specification in Rel-17. In this paper, we provide our views on the scope of Rel-17 IAB work item. 
2. Discussion
2.1 Duplexing enhancements
Although TDM/FDM/SDM were discussed in Rel-16 IAB SI, only TDM is specified in Rel-16 IAB WI. According to the IAB SI in Rel-16, simultaneous TX and/or simultaneous RX across backhaul link and access link (i.e., FDM/SDM) are expected to further improve delivery efficiency between links, and may also reduce latency at access and backhaul link. So in Rel-17, multiplexing between access link and backhaul link beyond TDM should be considered with higher priority. 

· For FDM/SDM between DL-Tx (on child link) and UL-Tx (on parent link), Case-6 timing is studied in Rel-16 IAB SI, where the Case-6 timing is defined to simultaneously satisfy two timing alignments for an IAB node: one is the frame alignment between DL-Tx of the IAB node and DL-Tx timing of its parent (this is called the Case-1 timing in Rel-16); another is the alignment between DL-Tx and UL-Tx within the IAB node. Apparently, under Case-6 timing, the UL-Tx timing of an IAB node is determined by the IAB node itself, rather than by the Rel-15 timing advance (TA) mechanism that is eventually controlled by the parent node. Given the Rel-15 TA mechanism provides a fundamental step for Rel-16 Case-1 timing, which is an important part of Case-6 timing, it is expected that the Case-6 timing needs more comprehensive studies and more complicated procedures because RAN1 may need to replace the Case-1 timing dependency upon Rel-15 TA mechanism. Due to this complexity, we do not prefer to support Case-6 timing in Rel-17.   
· For FDM/SDM between DL-Rx (on parent link) and UL-Rx (on child link), Case 7 timing is studied in Rel-16 IAB SI, where the Case-7 timing is defined to simultaneously satisfy two timing alignments for an IAB node: one is the Rel-16 Case-1 timing as mentioned earlier for Case-6 timing; another is the alignment between DL-Rx and UL-Rx within the IAB node. Even though the UL-Tx timing in the Case-7 timing alignment is still under control of the parent node, which is different from Case-6 timing but compatible with legacy TA mechanism, it indeed introduce something not fully supported in legacy TA mechanism --- the initial timing advance value that could be negative. This was already identified in Rel-16 SI phase with potential solutions. That is to say, if Case-7 timing is determined to be in Rel-17 IAB WI scope, Rel-16 SI provided what to start with.
· For FDM/SDM between DL-Tx and UL-Rx and FDM/SDM between DL-Rx and UL-Tx, even though Rel-17 IAB WI eventually agreed some placeholders in IAB node capability signaling for these two kinds of non-TDM multiplexing, there is no corresponding timing synchronization mechanism being studied in Rel-16 SI.  
For support of SDM/FDM, power control and/or power sharing between the parent link and child link should be studied, e.g., the received power level difference between DL-Rx and UL-Rx should be within appropriate range in case of SDM/FDM on receiver side. In order to support multiple multiplexing options (TDM/SDM/FDM) in Rel-17, the interference measurement and configurations for interference measurement resource to solve CLI should be also studied if it is identified as a problem and not covered by other SI/WI.

Based on above, we have the following proposal. 
Proposal 1:  Rel-17 IAB WI can include following enhancements for duplexing. 
· Support of FDM/SDM 

· If supported, Case-7 timing (Case-1 timing plus timing alignment between DL-Rx and UL-Rx) is based on what Rel-16 IAB SI provides. 
· Power control and/or power sharing are supported. 
· Simultaneous reception rules for IAB nodes and associated behaviors for FDM/SDM.
· Interference measurement and configurations for interference measurement resource to solve CLI, if not covered by other SI/WI.
2.2 Topology adaptation enhancements
In the high-speed public transportation scenario, mobile IAB could be installed in the high-speed vehicle. As the vehicle moves, the IAB node moves along with the UEs within the carriage, as shown in Figure 1. The on-board UEs access the network by communicating with the IAB nodes. At the same time, the IAB node communicates with the parent IAB node DU/donor DU. The relative positions of UEs in respect to the IAB node change little during the ride. In addition, the UE is relatively close to mobile IAB node so that the transmission power of UE can be reduced. So, the access link could be traditional and in good channel condition. In comparison, more enhancements should be considered for the backhaul link.  
During the Rel-16 IAB, IAB node handover procedures were discussed for both intra-donor CU case and inter-donor CU case. However, for the UEs and child IAB node MT served by the IAB node, they has to perform re-establishment or handover as well. On the other hand, the UE may initiate the TAU (tracking area update) procedure if the UE finds the broadcast TAI (tracking area identifier) of the camped cell is not within the assigned TAI list. When it comes to mobile IAB, it is beneficial to consider group mobility optimization, such as adopting a UE-group-wise HO/TAU that is transparent to UE, instead of repeating the conventional single-UE-wise HO/TAU that is non-transparent to UE. Consequently, the signaling overhead could be significantly reduced and service continuity could be ensured. 

For the high speed vehicle, the passengers may hold UEs of different RATs. It is possible that the multiple RATs would be deployed to simultaneously serve UEs in different RATs. Multi-RAT in mobile IAB node allows NR on the backhaul link and different air interface technologies, e.g. NR/LTE/WiFi on the access link. Meanwhile, the access link and backhaul link may belong to the same operator or different operators. Based on these observations, it is beneficial to support multi-RAT and RAN sharing for mobile IAB.
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Figure 1 Mobile IAB node on high speed train
Certain level of power saving could be considered as well for mobile IAB. If a given parent IAB/donor DU is dedicated to serve mobile IAB node, it may decide to enter dormant mode autonomously when it finds no child node being served. Switch-on and switch-off may be decided based on the load information as well as the request from neighboring IAB nodes.  Moreover, since mobile IAB node can only handover to parent IAB node DU/donor DU in the forwarding direction, it is better to configure the measurement according to movement trace. For on-board UE, since it is relatively stationary respect to mobile IAB node, it is expected that the UE measurement and report can be less frequently.

It should be noted that the PCI/NCGI of mobile IAB node might collide with neighboring cells with the movement of high speed vehicle. It is necessary to consider the intelligent PCI/NCGI allocation of mobile IAB node.  
Proposal 2: For mobile IAB, it is suggested to consider the following enhancements in Rel-17 IAB.
· Group mobility optimization: support UE-group-wise HO/TAU that is meanwhile transparent to UE
· Multi-RAT: allow an IAB node to use NR on backhaul link and any of NR/LTE/Wi-Fi on the access link;
· SON: intelligent IP address, PCI/NCGI acquisition;
· Power saving and network load balancing: switch on/off parent IAB node/donor DU based on the proximity of mobile IAB node and/or load information.

2.3 Topology/routing enhancements

For the topology and routing enhancements, it was proposed to consider the mesh connectivity and local routing of user plane traffic in an IAB network. 

For the mesh connectivity, neighboring nodes could be connected with each other in such a way that any IAB node can have a wireless connection path to any node without necessarily going though the donor, as shown in Figure 2. It is then hard to clearly define the parent-child relationship for a pair of adjacently connected nodes. Given Rel-16 IAB already supports the DAG(Directed Acyclic Graph) topology which enables IAB node to have redundant routes to another node via multiple parents, the motivation and benefits to support mesh topology does not seem to clearly justify the significant complexity it brings up. For example, the network architecture and protocol stacks specified in Rel-16 IAB needs to be revisited. In addition to the hierarchical architecture among IAB nodes, peer-to-peer architecture (something similar to Rel-16 sidelink peer-to-peer interface) might be considered for mesh topology. Moreover, it brings about complicated resource allocation issue. In Rel-16, the donor CU based resource coordination and IAB node DU based resource allocation is discussed and specified. When it comes to mesh topology, autonomous resource selection might be considered for IAB nodes in peer-to-peer architecture. However, autonomous resource selection is in general not collision-free and thus not suitable for data traffic with stringent QoS requirement. 
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Figure 2 Illustration of mesh topology
As for the local routing, it aims to support the local data packet routing via direct links between IAB nodes. For example, if UE1 initiates VoIP traffic to UE2 and both UEs are served by the different IAB nodes but the same donor CU, the VoIP traffic could be locally routed from UE1’s serving IAB node DU to UE2’s serving IAB node DU. During this procedure, the data packet does not need to pass through the core network and even donor CU. To support this feature, the following issues should be considered: 
1) Proximity determination of UEs. Network should be able to tell that the two UEs are within the same donor CU or neighboring donor CUs and then associate the appropriate BAP routing ID to the data packets. It is not clear if the sidelink based discovery alike mechanism should be supported for this purpose.

2) In 3GPP system, the destination IP address of UL data traffic is usually associated to application server. For local routing, the destination IP address of data packet should be the IP address of peer UE. It is not clear how UE could know the IP address of peer UE. In addition, the legacy data packet encryption and decryption is between UE and donor CU. To support the local routing, the data packet may not pass through donor CU and encryption and decryption should be directly between the UE pairs. This means new encryption and decryption mechanism should be supported.

3) Core network may be impacted greatly to support the local routing. For example, localized UPF/AMF might be co-located on donor CU to support the proximity determination and local IP routing. 
In summary, the mesh topology and local routing introduce significant complexity and specification impact. We see no strong-enough benefits and motivations to support them in Rel-17 IAB.  
Proposal 3: The support of mesh topology and local routing enhancements for Rel-17 IAB can be de-prioritized. 
2.4 Unlicensed band (NR-U)

Because IAB node should be able to serve UEs for any traffic types, an efficient backhaul link with low latency and high reliability should be maintained, e.g., to support UEs with URLLC traffic. However, the backhaul link in the unlicensed band via NR-U techniques may not be able to guarantee to support such high QoS traffics.
· The resources availability for IAB backhaul/access links is not guaranteed via CCA/CHO (Clear Channel Assessment/Channel Occupancy) mechanism in NR-U.
· In unlicensed band, IAB backhaul/access links would suffer the interference from other RAT systems, such as WiFi. The link reliability is not guaranteed.
· In multiple-hop IAB scenario, the latency requirement may not be met if any single hop fails to acquire suitable resources via NR-U mechanisms.
Based on above, the support of NR-U for IAB does not seem to be an urgent task or sufficiently beneficial, especially before the IAB enhancements upon licensed band are not completely specified. 

Even if people would like to see NR-U footprints in IAB, RAN plenary should have a well-defined scoping partition on what should be in NR-U WI/SI and what should be in IAB WI. One clear partition from our viewpoint is that, IAB handles the resource distribution between parent link and child link, while NR-U handles how to utilize the resources on each link (parent link or child link) under RAT competition.     
Proposal 4:  RAN plenary should well justify the necessity of supporting unlicensed band via NR-U in Rel-17 IAB, and carefully evaluate the enhancement scoping between IAB WI and NR-U WI/SI (if any in Rel-17 or future release).
2.5 Network coding
During the Rel-17 IAB scope email discussion, network coding is proposed to be studied in Rel-17 to improve the IAB network reliability and efficiency. For example, the network coding may be performed at donor DU and IAB node MT. The backhaul traffic between donor DU and access IAB node are segmented into several segments and subjected to linear network coding. The network coded segments are transmitted via intermediate IAB nodes, possibly different paths. Access IAB node MT could recover the backhaul data traffic based on at least a necessary number of coded segments. However, we see the following issues for applying network coding to IAB network.

· The encoding vectors need to be defined, which requires simulations to evaluate its efficiency. However, the evaluation assumptions should be carefully determined. 
· A network coding (NC) layer need to be defined to perform the segmentation, encoding, and add/remove NC subheader. These operations increase the packet processing latency and add additional overhead.
· For network coding, the data packet is divided into k segments. After encoding, k+n segments are transmitted. For network with good channel conditions, this (k+n)-segment transmission increases the packet transmission overhead. In general, network coding injects more traffic into the network. 
· In Rel-16 IAB, hop-by-hop ARQ is adopted. For RLC AM bearer, it means that reliable transmission of data packet could be ensured on each hop. So the network coding may be only beneficial for data packets from RLC UM bearer but not the data packets from RLC AM bearer. 
Based on the above analysis, it is suggested to de-prioritize network coding in IAB or to consider a separate study item to establish its necessity and feasibility first. 
Proposal 5:  It is suggested to de-prioritize network coding study in Rel-17 IAB. 
3. Conclusions 
In this contribution, we give our views on the scope of Rel-17 IAB enhancements, along with the following proposals.

Proposal 1:  Rel-17 IAB WI can include following enhancements for duplexing. 
· Support of FDM/SDM 

· If supported, Case-7 timing (Case-1 timing plus timing alignment between DL-Rx and UL-Rx) is based on what Rel-16 IAB SI provides. 

· Power control and/or power sharing are supported. 

· Simultaneous reception rules for IAB nodes and associated behaviors for FDM/SDM.

· Interference measurement and configurations for interference measurement resource to solve CLI, if not covered by other SI/WI.

Proposal 2: For mobile IAB, it is suggested to consider the following enhancements in Rel-17 IAB.
· Group mobility optimization: support UE-group-wise HO/TAU that is meanwhile transparent to UE
· Multi-RAT: allow an IAB node to use NR on backhaul link and any of NR/LTE/Wi-Fi on the access link;
· SON: intelligent IP address, PCI/NCGI acquisition;
· Power saving and network load balancing: switch on/off parent IAB node/donor DU based on the proximity of mobile IAB node and/or load information.

Proposal 3: The support of mesh topology and local routing enhancements for Rel-17 IAB can be de-prioritized. 
Proposal 4:  RAN plenary should well justify the necessity of supporting unlicensed band via NR-U in Rel-17 IAB, and carefully evaluate the enhancement scoping between IAB WI and NR-U WI/SI (if any in Rel-17 or future release).
Proposal 5:  It is suggested to de-prioritize network coding study in Rel-17 IAB.
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