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1
Introduction

This document captures discussion:

· [IAB_enh] (moderator: Qualcomm)

· Includes duplexing enhancement

· Potentials for network coding

· Mobile IAB

based on chairman summary for Rel-17 from RP #84 [1].

The moderator company submitted an email discussion outline to RP #85 [2]. Based on this outline, the email discussion will have two phases:

PHASE 1: 

This phase will identify and assess candidate proposals. The assessment should include determination of relevance and/or benefits for each proposal as well as an estimate of the necessary normative work.

Deadline for Phase 1: Oct 24, 2019
PHASE 2: 

This phase will consolidate and select candidate proposals for Rel-17 IAB WI based on the assessment in Phase 1 and establish the corresponding WID objectives. 

Deadline for Phase 2: Nov 28, 2019
According to this outline, each candidate proposal will be grouped into two categories: 

Category 1: Proposal primarily applies to Rel. 16 use cases

The discussion should establish sufficient technical understanding of the functionality proposed, assess its benefits and estimate the necessary normative work. To make best use of Rel-17 TUs for IAB, the discussion should focus on functionality that provides significant impact, rather than incremental enhancements that promise only small improvements.

Category 2: Proposal defines new use cases

Since there won’t be much time for new use cases in Rel-17 IAB, the discussion needs to critically assess the relevance of the new use case proposed and ensure that its scope is sufficiently well defined. Operator input is highly welcome for this assessment. The email discussion further needs to identify the requirements for the new use case, derive necessary enhancements and estimate normative work. 

The discussion will further identify proposals that are not specific to IAB but have broader applicability beyond IAB. These proposals will not be considered for Rel-17 IAB and should be recommended for consideration in a broader scope. 

The email discussion will not consider functionality that has already been captured in the WID on NR_IAB for Rel-16 unless one of the RAN WGs or RAN Plenary decides to down scope WI objectives for Rel-16. 

2
Phase 1 

2.1
Category 1: Proposals primarily apply to Rel-16 use cases 

All functionalities/enhancements proposed under category 1 will be captured in the Cat-1 Main Table. This table includes the two proposals by RAN Chairman summary from RP#84 on duplexing enhancements and network coding, which both fall into this category. 

Companies are invited to propose further functionalities/enhancements. Due to stringent time limitations in Rel-17, functionalities/enhancements have higher chance to be selected for Rel-17 the more companies support them. Companies are therefore advised to focus on the few most relevant issues.

For each sufficiently distinguished functionality/enhancement in the Cat-1 Main Table, there will be a separate Functionality Table to capture detailed discussion of a particular functionality/enhancement regarding:

1. Technical understanding. Some functionality/enhancement may be technically straight forward, but others may need more discussion. Poorly understood proposals will have a hard time to find support. Companies may want to point to supportive documentation if available.

2. Expected benefits (e.g. higher capacity, enhanced deployment options, etc). Quantitative estimate of estimate is helpful.  

3. Necessary normative work. It is important to differentiate between issues that can be addressed via implementation and those that need specification. 

Companies are encouraged to proactively insert a new Functionality Table when they add a proposal on a new functionality/enhancement to the Main Table. The discussion mediator will try to consolidate proposals and ask proponents to elaborate on missing issues if necessary. 

Here is the Cat-1 Main Table: 

· Please add proposals on functionalities/enhancements your company wants to see in Rel-17 IAB (separate row for each new functionality/enhancement proposed).

· Please indicate support for functionalities/enhancements proposed by other companies if you consider them important for Rel-17 (in a separate row). 

If you want to propose a new use case, please include this proposal in section 2.2 of this discussion rather than here.

Cat-1 Main Table 

	Company or other entity
	Title of functionality/enhancement

	RAN Chairman
	Duplexing enhancements

	RAN Chairman
	Network coding

	Intel
	Network coding

	NTT DOCOMO
	Duplexing enhancements including at least SDM/FDM. Full duplex may be also included.

	Loon
	Multi-MT IAB-nodes, for topological redundancy and load balancing

	Nokia
	NR-DC: Completion of IAB resource allocation for DC (RAN1), 

	Nokia
	Control and data split with FR1/FR2 NR-DC

	Nokia
	Duplexing enhancements including SDM/FDM

	Nokia
	IAB topology adaptation enhancements

	AT&T
	Duplexing enhancements

	AT&T
	Network coding

	AT&T
	Topology enhancements 

	Samsung
	Duplexing enhancements

	Sharp
	Duplexing enhancements

	Sharp
	Topology enhancements

	Futurewei
	Duplexing enhancements

	Futurewei
	Enhancements to reduce signaling latency over backhaul

	Sumitomo
	Duplexing enhancements

	CMCC
	Duplexing enhancements

	CEWiT,Tejas Networks, IITM, IITH, Saankhya Labs
	IAB enhancement with respect to FDM, SDM and full duplexing.

	CEWiT,Tejas Networks, IITH, Saankhya Labs
	Network Coding

	Huawei
	Inter-IAB node cross link interference management

	Huawei
	High order modulation for backhaul link (256QAM)

	Huawei
	Duplexing enhancement 

	Huawei
	Topology adaptation enhancements, i.e. inter-Donor-CU topology adaptation, LTE access over NR backhaul.

	Huawei
	IAB node energy saving, e.g. support of inactive state

	Qualcomm
	Duplexing enhancements

	Qualcomm
	Topology adaptation enhancements

	Qualcomm
	Routing enhancements

	OMESH
	Duplexing enhancements

	OMESH
	Topology enhancements

	Ericsson
	Enhancements for real time services, low latency (URLLC)

	Ericsson
	Enhancements for IAB multi-connectivity

	Ericsson
	Enhancement to end-to-end flow control to reduce buffering in the IAB network

	ZTE/Sanechips
	Duplexing enhancements

	Thales
	IAB topology adaption enhancements

	LG Electronics
	Duplexing enhancement including FDM, SDM and full duplexing

	LG Electronics
	Inter-IAB node cross link interference handling

	vivo
	Duplexing enhancements including SDM/FDM

	Apple
	Duplexing enhancements by including FDM/SDM

	Apple 
	Network Coding

	Apple 
	Latency reduction using topology adaptation enhancements


Here are the Functionality Tables: Please add comments on (1) technical understanding, (2) expected benefits, and (3) necessary normative work for the particular functionality/enhancement proposed. Please insert a new functionality table if you have added a new type of functionality/enhancement to the Cat-1 Main Table

Functionality Table on Duplexing Enhancements
	Company or other entity
	Duplexing enhancements

	Intel
	We see the benefit of allowing SDM, FDM and MPTR for reducing backhaul latency. We prefer to focus on a scenario where MT and DU functions of an IAB node use separate antenna panels and baseband processing units. Normative work includes CLI management, power control and scheduling enhancement.

	NTT DOCOMO
	Technical understanding:

· As already discussed during Rel-16 SI, in case of SDM/FDM Tx, an IAB node can simultaneously transmit in the DL to access UE and/or child node and transmit in the UL to parent node. In case of SDM/FDM Rx, an IAB node can simultaneously receive in the DL from parent node and receive in the UL from access UE and/or child node.

· In case of full duplex, an IAB node can simultaneously transmit in the DL to access UE and/or child node and receive in the DL from parent node or an IAB node can simultaneously transmit in the UL to parent node and receive in the UL from access UE and/or child node.
Expected benefits: 

· As already been discussed and evaluated during Rel-16 SI, throughput can be improved with SDM/FDM compared to TDM.  

· With full duplex, resource utilization can be further improved.

Necessary normative work: 

· Specification of signalling to support resource coordination in case of SDM/FDM/FD.

· Specification of rules and behaviours for IAB nodes regarding resource utilization in case of SDM/FDM/FD.
· Specification of mechanism to support case#6 and case#7 timing alignment.
· Specification of DL power control on backhaul.
Specification of enhancement on cross link interference management.

	Nokia
	SDM/FDM would allow either simultaneous RX or TX of IAB-MT and IAB-DU. This will reduce latencies, which is especially desirable in a multi-hop scenario where each BH hop contributes to e2e delay. As the primary option, the RX or TX would use different antenna panels where the IAB enhancements would relate mainly to resource utilization. As the secondary case, a single panel SDM/FDM operation for access/BH connections could be specified. 

For multi-panel case normative work includes radio resource allocation with extended configurations for semi-static and dynamic allocation – possibly with finer-than-slot resolution and possible extension to CLI management. Single panel SDM/FDM would further require at least extensions to IAB timing (case#6 and/or case#7) and power control.

	AT&T
	Rel-17 should focus on access and backhaul multiplexing beyond TDM (i.e. FDM/SDM/multi-panel Tx/Rx), leveraging the forward compatible Rel.16 design. Features to be considered include semi-static and dynamic resource allocation enhancements, support for Case 6 and Case 7 timing alignment (as described in 38.874) to enable aligned DU/MT Rx and Tx timing, DL power control optimization, and CLI measurement and mitigation mechanisms. Additional details include:

· Resource Allocation:

· Simultaneous multi-panel transmission for IAB

· SDM: Simultaneously Tx or Rx on backhaul and access links

· MPTR: Simultaneously Tx and Rx on backhaul and access links (UEs to remain half-duplex)

· MPTR provides benefits in terms of reduction in latency and more efficient frame structure for IAB nodes


· Potential specification impact includes slot format configurations (F1-AP, RRC, and SFI via DCI) which are optimized for SDM and MPTR, configuration of periodic channels and signals for the IAB-DU and IAB-MT functions, and collision handling behavior/rules.

· IAB Power Control:

· At the IAB node the received power level of the backhaul (DL) and access (UL) can be very different. The access (UL) is power controlled whereas the backhaul (DL) is not power controlled, which leads to significant differences in received PSD across backhaul and access.

· A similar problem also happens on the transmit PSD between the backhaul and access. The backhaul (UL) and access (DL) have very different EiRP. 

· FDM/SDM of backhaul and access Tx/Rx functions on the same RF chains (or panels) is not possible without enhancements to power control.

· CLI measurement and mitigation is a key functionality to make IAB operate effectively and efficiently.  

· Alternating frame structure across hops (especially for SDM/MPTR) naturally creates CLI between access and backhaul links

· Specific CLI characterization and mitigation enhancements for SDM/MPTR should be studied to ensure that access UEs are not impacted by different multiplexing alternatives 



	Samsung
	FDM/SDM enhancement
(1) FDM/SDM between access and backhaul links is to enable operate data both for access and backhaul at a same time. 

(2) It is understood as an enhancement to reduce latency as well as utilize resources efficiently from TDM between access and backhaul links in Rel-16.

(3) Timing: Only Case #1(DL TX timing alignment) was adopted in Rel-16. To achieve FDM/SDM between access and backhaul links, Case #6 (Case #1 DL TX timing + Case #2 UL TX timing) and Case #7 (Case #1 DL TX timing + Case #3 UL RX timing) can be re-considered.

Power control: Because access and backhaul are operated at different time slots, there was no such issue in Rel-16. But, to achieve FDM/SDM, power control issues for UL/DL should be considered taking into account IAB node implementation regarding same or different panel/RF for access and backhaul links.

Full duplex enhancement 

(1) It is to enable simultaneous transmission in the DL (to an access UE and/or child IAB) and reception in the DL (from a parent IAB) or simultaneous reception in the UL (from an access UE and/or child IAB) and transmission in the UL (to a parent IAB)

(2) It is understood as further enhancements to reduce latency as well as utilize resources efficiently from half-duplex constraints in Rel-16.

(3) A main thing would be how to achieve SIC (Self Interference Cancellation). That is, whether it can be achieved by implementation or spec. support for example, ways to measure/cancel the SI. We are open to discuss necessary works for full duplex.

	Sharp
	As per other companies on this thread,  we see FDM/SDM enhancement,  as necessary to optimally use resources for IAB, increasing its effectiveness for deployment.

In addition,  enhancements for power control are important as well.

	Futurewei
	The benefits of SDM/FDM were already discussed during the SI phase. 

Further enhancements to CLI may be required in order to enable SDM/FDM, and take full advantage of such functionality.

	Sumitomo
	SDM/FDM/FD Tx/Rx could be beneficial for latency reduction.  However, especially in case of mobile node,  available machine resource or functionality may be limited compared with fixed-point node so we would like to see rather simple solution like SDM or FDM as a first step.

	CMCC
	We see the benefit of allowing SDM, FDM for improving the resource utilization and reducing backhaul latency. Both SDM and FDM under single panel and multiple panels should be considered. Normative work includes at least  SDM/FDM resource multiplexing, timing alignment management and power control.

	CEWiT,Tejas Networks, IITM, IITH, Saankhya Labs
	We support NTT Docomo’s view in principle. IAB duplexing enhancement with respect to   FDM, SDM and in-band full duplexing (IBFD) is important  in order to reduce latency as well. Full duplexing is particularly required for latency critical  applications, since the half duplexing constraint causes the node to wait until the slot direction changes. Normative work for these duplexing enhancement will be ;

· Need to specify the signalling support for SDM/FDM/IBFD.

· Need enhancement on cross link interference management and self-interference management. 

· Need to specify the DL power control.



	Huawei
	· Technical understanding

For IAB node, two duplexing schemes between backhaul and access link are as follows,

· Half duplex

Half duplex means that the MT and DU of an IAB node work in the same link direction at a time (MT and DU transmit, MT and DU receive).  With half duplex, TDM/FDM/SDM between backhaul and access link can be supported. Only TDM was specified in Rel.16 due to lack of time. 

· Full duplex

Full duplex means that the MT and DU of an IAB node work in the different link directions at the same time (MT transmits & DU receives, or MT receives & DU transmits).  Full duplex is possible if backhaul and access links are located in two different panels with sufficiently large spatial isolation.

It should be noted that the required spatial isolation can be achieved probably only for some beam pairs even with two different panels. 

In Rel.17, duplexing enhancements between backhaul and access link, including FDM/SDM based half duplex, and SDM based full duplex, should be studied and specified.

· Expected benefits

The duplexing enhancement is beneficial to system capacity and E2E latency reduction, which has been proven in Re1-16 SI.

· Necessary normative work

FDM/SDM based half duplex: The normative work includes timing between backhaul and access, downlink power control for backhaul link, etc. 

SDM based full duplex: it is preferred that full duplex based SDM can be supported based on the resource allocation framework defined in R16, with minimum additional specification requirement.

	Deutsche Telekom
	Benefits of FDM/SDM enhancements are acknowledged incorporating also MPTR.

The impact on specifications (SIC, …) for further enhancements applying FD should be evaluated in a second step (lower priority). 

	Qualcomm
	Benefit: Enhancing the Rel-16 TDM-based resource management framework, and support of efficient advanced duplexing methods (SDM/FDM/full-duplex) can bring about a range of benefits such as: improving throughput, reducing the backhaul latency,  and simplifying some procedures (e.g. in case of full-duplex, the overall resource management framework and the procedures that are typically subject to half-duplex constraints, such as inter-IAB-node discovery, can be simplified).
Necessary normative work:

· Enhancement of the Rel-16 TDM-based resource management framework:

· Improving the semi-static resource allocation – including:

· Specification of feedback signaling from IAB-nodes to CU to enable more efficient resource allocation.

· Specification of enhancements to support more granular resource allocation, e.g. per-child-link DU’s resource allocation that deems necessary for efficient multi-parent connections, and interference management. 

· Improving dynamic resource management – including:

· Specification of feedback signaling from IAB-node to the parent-node to enable more efficient utilization of available resources. 

· Specification of mechanisms to reduce the latency incurred by the resources being unavailable and/or the coordination required to make resources available. 

· Note. we see this as a major factor in decreasing the end-to-end multi-hop latency and believe agile resource management would be needed to improve QoS required for low-latency communications. 

· Support of efficient advanced duplexing methods (including SDM/FDM and full-duplex):

· Specification of required signaling to enable efficient semi-static and dynamic resource coordination to support advanced duplexing methods.

· Specification of mechanisms (including enhancements to the current ones) to mitigate interference – including: 

· Enable measurements and reporting (when/if needed) of relevant interference scenarios

· Enhancements to power control mechanisms over adjacent links (i.e. parent-link(s) and child-link(s)).

· Timing alignment of simultaneous communications.

· Coordinated scheduling across adjacent links (i.e. between an IAB-node and its parent-node(s)).

· Specification of expected behavior (e.g. potential conflict resolution rules) of IAB-nodes (parent-nodes and child-nodes) for utilizing the available resources. 

	OMESH
	Agree with views of most supporting companies on this item, we shall have a WI in Rel17 on this.

	Ericsson
	We understand “Duplex Enhancements” to cover the following features:

· Simultaneous DU-TX/MT-RX and/or simultaneous MT-TX/DU-RX (full-duplex in the context of IAB). Therefore, we do not assume the case of simultaneous MT-TX/MT-RX and or simultaneous DU-TX/DU-RX (full-duplex on a link level)

· Simultaneous DU-TX/MT-TX and or simultaneous DU-RX/MT-RX, sometimes referred to as TX-side SDM and RX-side SDM respectively (it could in principle also be FDM, but we believe that the SDM case is more relevant. 

Regarding full-duplex, we believe that this is, in practice, supported already today in a, for the parent node, transparent way by means of the possibility to configure soft DU resources. Thus, we do not really see a need for any explicit specification extensions for this. If a full-duplex capability is to be explicitly defined (unclear if there is any reason for this) this may imply some RAN4 work.

Regarding SDM. in principle that too can be supported within Rel-16 by means of soft DU configuration. However, enhanced performance for SDM could be achieved if additional timing options are supported (as already discussed during the IAB SI).

	ZTE/Sanechips
	Normative work includes:

· Study coexistence between TDM and FDM/SDM in terms of resource allocation

· Study power control and power sharing for FDM/SDM

· Study CLI based on IAB feature, otherwise, subject to other SI/WI on CLI

· Study timing mechanism for FDM/SDM

Expected benefits include:

FDM/SDM is expected to further improve delivery efficiency between links, which should be evaluated and verified in the study.

	LG Electronics
	The half duplex constraint causes a backhaul latency which is critical in NR system. The SDM/FDM and full duplexing can provide a benefit of backhaul latency reduction. For operating SDM/FDM and full duplexing, two models of antenna panel (i.e. single panel and multiple panels) can be considered. 

Normative work for duplexing enhancement includes:

Further flexible resource multiplexing 

Enhancement of cross link interference handling for IAB 

Self-interference management

Enhancement of DL power control

	Apple
	· We believe that the half duplex with TDM is a major constraint esp. for systems needing effective low latency. In that sense, study of full duplexing and FDM/SDM techniques for resource effectiveness and increased overall network efficiency and throughput is important. 

· Also important in terms of IAB in these scenarios would be to completely understand CLI. 

· A third important factor would be considerations with regards to signalling improvements with improved scheduling efficiencies. 


 Functionality Table on Network Coding
	Company or other entity
	Network coding

	QC (mediator)
	(1): There have been two proposals to RP#84/85;

RP-191346 by Intel on linear network coding and

RP-192109 by AT&T on network fountain coding 
It would be helpful if both companies could clarify:

· Where and how do these proposals differ?

· Are these proposals also applicable to, e.g., split-bearer multi-connectivity?

· If and what processing is necessary on intermediate IAB-nodes?



	Intel
	As described in RP-191346 and RP-192206, we see network coding as a means to overcome blockage and congestion related impacts in multi-route networks. It enables treatment of multiple routes together as a single data pipe.

· As far as we can see there are no significant differences/conflicts between the proposals in RP-192109 and the proposals in RP-191346. RP-191346 has some additional details about how this can be done in an IAB network and the corresponding protocol considerations.

· The proposals are generally applicable to split-bearer multi connectivity as long as a UE supports the network coding/decoding functionality. However, performing network coding solely on the backhaul (without involving the UE) is the other option (and is our preference) as shown below.

· Based on the current status of the Rel-16 IAB work, we think processing at intermediate IAB nodes does not change for network coding for the proposals in RP-191346. Intermediate IAB nodes forward BAP PDUs according to the rules being developed (as long as nodes are configured to route data along different paths). Our preference is to perform encoding and decoding at the IAB donor DU and the access IAB node (as shown below), with the intermediate nodes handling the packets transparently.

Specification work will mainly need to focus on segmenting of packets to perform network coding, generation of the network coded segments and recovery of packets from received segments.



	AT&T
	We have presented some early evaluations and overall concept design of network coding in RP-190974 and RP-192109. However, before we discuss this feature in detail we need to understand what is the main reason or rationale for using something like network coding. 

Main Motivation: Reliability without Sacrificing Spectral Efficiency: 

Traditionally repetition is a tool that we have used in 3GPP to address reliability. Examples of this are all across the 5G NR, LTE, NB-IoT RATs including things like HARQ, RLC ARQ, packet duplication etc. These repetition techniques fall into two category: 

· Selective repetition (e.g HARQ, RLC ARQ): This is an effective tool from the perspective of spectral efficiency since ONLY the information packets that are received erroneously are re-transmitted. However, one of the drawback is the increased latency associated with the selective repetition

· Blind repetition (e.g URLLC packet duplication): In this case the packets are duplicated without explicit feedback. While they can address the latency issue there is a heavy cost to pay for the loss of spectral efficiency

Network coding techniques can provide a much better trade-off between latency and spectral efficiency for reliable transmissions. 

In the case of IAB, this feature can provide better robustness against link blockage/BH RLF, and better user experience during topology changes, especially for mobile IAB use case.

Use Cases: 

There are two main use cases of such a feature that should be addressed as a part of this study. However other use cases should not be precluded as well: 

· IAB: The backhaul links traditionally need to be much more reliable compared to access links. Also since the volume of data traffic on backhaul links can be high traditional repetition techniques such as packet duplication at the PDCP are neither effective nor desirable as a solution. 

· URLLC: Use cases that require both high spectral efficiency as well as high reliability and low latency such as URLLC/eURLLC can also benefit from network coding techniques. 

Even though this is under the Rel 17 IAB work item the design of the network coding solution should not be limited to only IAB use cases.

Scope of the Study: 

Protocol Stack Design: One key aspect of the study should be designing the protocol stack layer where this coding should be done. Since path/packet duplication over multiple routes or CCs or TRP the encoding and decoding functionality should be end-to-end instead of hop-by-hop. This also implies that the network coding should happen above the RLC. We should not restrict the scope and all possible cases should be carefully considered: 

· Option 1: Network coding done at the PDCP

· Option 2: Network coding done at the BAP

· Option 3: Network coding can be configured to be either in PDCP or BAP 

· Option 4: Network coding is a new layer between the PDCP and BAP

Code Design: One of the key aspect of the study should be design of a robust and flexible coding mechanism that will support the various use cases. Typically, with IAB the volume of traffic is large and the packets size at PDCP tend to be large. However, with URLLC the packets can be small therefore the choice of code used for network coding should be robust and usable across small as well as large. Also, the study should consider carefully both rateless erasure codes (such as fountain codes or raptor codes) as well as discrete rate codes such as BCH or Reed-Solomon codes: 

· Rateless codes: One of the key benefit of the rate less code is that segments can be dropped at the RLC/MAC of each link without informing the encoder or the decoder. As long as the effective rate is above a certain limit the decoder at the receiver can quite effectively reconstruct the packet. This implies that with rateless erasure codes very little dynamic signalling is required between the encoder and the transmitter.

· Discrete rate code: Discrete rate codes require feedback from the transmitter(s) to the encoder to inform what code rate is needed based on link capacity and SINR

The network coding study should study both of these basics code design and adopt the right approach based on robustness, signalling complexity and performance. 



	Futurewei
	This topic seems more suitable for a study item, rather than a work item, as the applicable scenarios and benefits are not very clear. The main motivation seems to be improving robustness of the IAB backhaul network to link failures/obstructions in the case of FR2 IAB deployments. We think that the potential benefits/advantages of NC would first need to be evaluated against mechanisms already supported by Rel. 16 IAB (e.g. PDCP duplication, topology adaptation, fast RLF recovery, etc.).
AT&T has also mentioned URLLC as a possible motivation. However, we are somewhat sceptical about the value of network coding for this scenario. It is generally known that network coding as a technique can provide robustness in the case of topology uncertainty. However, this robustness is achieved at the expense of increase processing latency. Thus, it would seem this may be at odds with the objective of providing ultra-low latency.
In addition, network coding is essentially a feedforward technique to achieve increased redundancy (as opposed to a feedback technique such as ARQ). As such, it is not clear what impact NC would have to the L2 protocol stack. Would NC be a function that is added to an existing L2 layer, or be introduced as a new layer? What interaction would NC have with existing L2 functionality? For example, would NC and ARQ be applied together? Would NC replace ARQ, augment it, or would ARQ simply be disabled in case NC is enabled?
We think this area needs significant study before agreeing to undertake any normative work within 3GPP. As such, we would prefer not to include NC within the scope of a Rel. 17 eIAB WI. It would be better to address this as a separate SI, if there is significant interest from companies.

	CEWiT,  Tejas Networks, IITH, Saankhya Labs
	3GPP Release 17 is supposed to make serious improvement in latency reduction from a network perspective. We also recommend to expand the scope beyond the suggestions in RP-191346 by Intel (on linear network coding) and RP-192109 by AT&T (on fountain coding) and consider new bounded latency network coding.  

	Huawei
	Congestion and blockage could happen in the multiple-hop and multiple-connectivity backhaul. However, 3GPP has already agreed to support both end-to-end and hop-by-hop flow control in RAN2 and RAN3 for rel-16. With efficient end-to-end and hop-by-hop flow control mechanisms, the parent node or donor node can select a more appropriate path/route to overcome the issues on congestion and blockage. The benefits of network coding is not clear and not convincing in RP-192109 and RP-191346. The flow control was not considered in the papers.

	Deutsche Telekom
	NW coding in general has some benefits against other approaches already used in 3GPP radio protocol stack in case of multi-link transmission (e.g. data duplication). But as it can be applied not only to the IAB use case, a more basic study on application of NW coding would be preferable evaluating possible use cases and the related design and performance of NW coding schemes applicable for those.

	OMESH
	It is obvious that network coding can provide benefits, However… it can be also provided above 3gpp. We we are not convinced yet why network coding shall be done inside 3gpp standards. If network coding is to be introduced to IAB, we also think it may require a study phase first.

	Ericsson
	Network coding is a very wide term which can, in essence, be used to propose more or less anything. Thus, before continuing detailed discussions, a down-scoping is needed, essentially defining in more detail what would be covered by the term “Network coding” if that is to be included in Rel-17 work. A good starting point could be the current proposals from RAN #84/85. Thus, we agree with Qualcomm that the proponents of these proposals (Intel and AT&T) should provide a brief clarification of their respective proposals and, preferably, converge. If convergence is not possible, the companies should outline the key differences between their proposals. It is also good if the use case(s) (or problem description) for network coding is clearly defined.

	LG Electronics
	We think that potential benefit of network coding should be firstly evaluated comparing with Rel-16 IAB (e.g. packet duplication, fast RLF recovery, etc). Specifically, a number questions on NC should be discussed before introducing any normative work on NC:
· Which class of NC? RLNC in mind? Source coding only or source + relay coding ? How redundancy is controlled? Is it static or dynamic? Which node/entity/protocol layer controls? Which node defines coefficients? How coefficients are shared? All these are standardized or up to implementation?
· NC gain versus decoding delay analysis

· How existing hop-by-hop ARQ mechanism interacts with NC?

· Routing adapts to NC or vice versa? Or do they remain independent?
· Analyzing the interplay between existing transport protocols (e.g. TCP) and NC  
etc

	Apple
	Network Coding with its potential can be an important study item considering user application traffic patterns. However, a lot of open questions still remain and we are not fully convinced on the scope of the study (similar to E///) though we are more in favour of having this SI. What would be really important from our view would be first understand 

· At what layer should network coding occur

· How does delivery latency to the end nodes get impacted due to this?  


Functionality Table on Multi-MT IAB-nodes
	Company or other entity
	Insert type of functionality/enhancement

	Loon
	Currently IAB nodes can only have 2 parents in NR-DC. This limits the backhaul capacity IAB nodes in the sky can deliver. Having multi-MT IAB nodes will increase the capacity to IAB nodes in the sky

	Futurewei
	The topic of HAPS is being discussed within the scope or the NTN SI. Why would it be more appropriate to address HAPS in an IAB WI, rather than within the scope of NTN?

	Deutsche Telekom
	We would prefer to cover that proposal within the expected NTN WI.

	Apple
	Agree with the other companies here. We should be discussing this first as an NTN WI before getting this topic into the IAB discussions. 


Functionality Table on  NR-DC: Completion of IAB resource allocation (RAN1),
	Company or other entity
	NR-DC: Completion of IAB resource allocation (RAN1), 

	Nokia
	DAG topologies shall be supported for redundant connections to provide reliability, as well as resilience for load variations. NR-DC is considered as the basis for IAB-MT multi-connectivity. There are DC scenarios which have not been considered in detail in RAN1 regarding the resource management.

· Case #0: How to determine which resource configuration (MCG, SCG or both) is valid for MT part of IAB#A? 

· Case #1: How to determine the priority between two resource configurations (MCG, SCG) for IAB#2?

· Case #2 How to determine the resource availability for a parent node (such as IAB #2 or IAB#3) configured to operate as a part of dual connectivity configuration with another IAB node.

This is not foreseen to be fully supported in Release 16.

The normative work needs to include the extensions to IAB-MT and IAB-DU resource configurations and rules, per link resource allocation.



	…
	


Functionality Table on  NR-DC: Control and data split with FR1/FR2 DC
	Company or other entity
	NR-DC: Control and data split with FR1/FR2 DC

	Nokia
	FR1/FR2 DC, where FR1 would provide coverage (single-hop) for control and FR2 (multi-hop) would be used for BH data transfer, would provide reliability and robustness for IAB control while leveraging the capacity on FR2 for BH connection.

In Rel.17 it should be clarified what enhancements would be needed for protocol stacks for UP as well as CP signalling (RRC and F1-AP), preferably aligned with NSA specifications.

	Deutsche Telekom
	At least for the stationary IAB use case this function is not required. For mobile IABs it could be incorporated.

	Qualcomm
	Rel-16 IAB already allows carrying F1-U and F1-C on separate routing paths, where F1-U uses multi-hop FR2 while F1-C uses single-hop FR1. 



Functionality Table on IAB topology adaptation enhancements
	Company or other entity
	IAB topology adaptation enhancements

	Nokia
	In a static IAB deployment, mobility procedures are used for the topology adaptation. Any enhancements specified for mobility to enable faster handover and minimized connection break will be beneficial for IAB topology adaptation. Such enhancements are e.g. conditional handover (CHO), DC usage for target cell configuration with MN/SN role switch, advance configuration of alternative routes, RACH-less HO, make-before-break. As IAB specific enhancements there can be e.g. new triggers for HO execution which could be combined with CHO operation.

The applicability of Rel.16/Rel17 mobility enhancements to IAB topology adaptation shall be clarified. Additionally, IAB specific solutions to minimize the connection break should be analysed for possible enhanced features for IAB topology adaptation. 

	Sharp
	We believe that enhancements for faster handover, and for robustness in the events of link failure are important for IAB deployment. 

	Huawei
	Inter-Donor CU topology adaptation. In Rel-16 only intra-Donor-CU IAB topology adaptation is supported, it would be beneficial to support inter-Donor CU topology adaptation enhancements, such as group UEs handover enhancements. 

LTE access over NR backhaul. LTE access over NR backhaul is an important scenario, which allows (legacy) E-UTRAN UEs to use NR backhaul. The NR backhaul link can provide several benefits e.g. utilize higher frequency bands for backhaul, larger bandwidth, higher throughput, lower latency, etc. IAB should also take into account this deployment scenario. It could be beneficial to support LTE access over NR backhaul in Rel-17.

	Qualcomm
	This includes: Inter-donor IAB-node migration with low interruption time: Rel-16 mobility enhancements can be leveraged for IAB-MT handover. To improve on the migration of F1-C, inter-donor DC should be considered, at least for the CP (see bullet 2). 

Inter-donor NR-DC: This may be used as enabler for fast inter-donor IAB-node migration. Inter-donor DC can become very complex since two CU-CPs need to coordinate with each other. Simplification is possible by restricting DC transport to CP only, i.e., the IAB-node establishes a second F1-C with the SN donor. F1-C does not create a lot of traffic hence resource sharing between both donors is not very critical. With both F1-C connections concurrently in operation, F1-U tunnels can be rapidly switched between both donors.

Extension of DC to more than two legs: This enhancement improves robustness and enables fine granular load balancing. Since it also has applicability to access links it should probably be handled by a different WI.

	Thales
	IAB embarked on NGSO satellites would be an attractive alternative to the embarkation of full gNBs interconnected with each other with (possibility proprietary) inter-satellite links.

To facilitate this approach, the relative geometry of the NGSO satellites with respect to each other  has to be taken into account, as well the selected connectivity map between the satellites.  Further, the motion of the satellites (or IABs in this case) with respect to fixed gNBs located at the surface of Earth would have be accounted for.

	vivo
	Enhancement to support group mobility in case of inter-Donor change should be considered

	Loon
	Loon would like to be able to use IAB for inter-HAP links between HAPs and also for links between the HAP and ground. This implies that the total scan angle for the HAP is from +5 degree (above horizon) to -90 degrees (pointing down to the ground). Additionally the link distance between HAPs is quite far. For example, we would like to make links more than 500 km apart between. This requires that the antenna gains are quite high leading to small half power beam widths for the antenna.  Scanning such a large space with high antenna gain leads to impractical large number of antenna elements for electrical scanning. Having a mechanism for mechanically pointing the antenna is beneficial. However mechanical pointing has the problem that scanning is slow. Moreover, measurement requests should carry ‘time of enactment’ information because link status is predictable. (May also be useful for moving train use case). With ‘time of enactment’ information, latency constraint is weak. For example, the latency constraint can be 1 second from the CU-CP to the last IAB node. We expect to send this message every 10 minutes or so.
With this understanding the following additional objectives are beneficial:
· Layer 3 messaging (F1-AP or RRC) to indicate direction/location of where measurements need to be done and time of enactment information.
· Another Layer 3 message to specify advance configuration of alternative routes and reconfiguration of topology with time of enactment. 


Functionality Table on Topology Enhancements
	Company or other entity
	Insert type of functionality/enhancement

	AT&T
	Inter-CU topology adaptation

· Please see use case table on Mobile IAB – Moving base station in section 2.2 for description of functionality/enhancements required for inter-CU topology adaptation.

Mesh connectivity between IAB nodes for redundancy and low-latency CP/UP routing
· Current IAB design in Rel-16 supports only spanning tree (ST) and directed acyclic graph (DAG) topologies. However, it is envisioned that some use cases could benefit from the ability of IAB nodes to directly communicate with each other in a mesh topology. 

· Such direct communication could be in the form of control plane signaling, for example, to enable more responsive inter-node coordination. Such direct communication could also be in the form of user plane data, for example, to reduce user plane latency and the path length traversed by data packets, especially when data needs to be sent locally from a user associated with one IAB node to another user associated with a nearby IAB node. 

· Such mesh topology capability could also be necessary when there are densely located IAB nodes (much more so dense that for Rel-16 networks), especially in unlicensed spectrum (for example, see use case table on IAB-U in section 2.2).

· Mesh capability could be designed to exist either independently (for example in case of unlicensed spectrum use case), or to co-exist with current hierarchical IAB network design. In the latter case, one can envision existing hierarchical IAB network to exercise some control of mesh capability of IAB nodes (e.g. configuration, etc.). 

· To enable IAB nodes to communicate directly with each other in a mesh topology requires the establishment of a new IAB-node to IAB-node interface. Logically there are four ways such an interface can be established.

Option 1. Via a new IAB-DU to IAB-DU sidelink interface

Option 2. Via PC5-based interface between peer IAB-MTs of two IAB nodes

Option 3. Via IAB RLC backhaul channel 

Option 4. Via a non-3GPP RAT

Of the above four options, Option 1 requires a lot of new development since currently there is no framework in 3GPP for a direct interface between two DUs. Option 3 is a viable option because it uses the existing RLC backhaul channel on the Uu interface between a parent IAB-DU and child IAB-MT. However, there are some potential problems with making such an interface work in both directions. Option 4 is technically also a viable option but it falls outside of 3GPP’s control so it is not preferable. Option 2 seems to be the most promising option because Rel-16 already supports a significant PC5-based sidelink functionality between two UEs. Since the IAB-MT acts as a UE in the IAB network, enabling a PC5 interface on the MTs could allow reusing all of the existing Rel-15 PC5-based sidelink functionality to develop an IAB-node to IAB-node interface. 

Hence, we propose to use Option 2 as a way to enable mesh connectivity between IAB nodes as shown in the figure below.

	Futurewei
	AT&T has raised the possibility of inter-IAB node direct connectivity (e.g. via PC5 interface) in order to enable IAB-DU to IAB-DU direct communication. However, it is not clear what the benefit of such direct communication link between IAB DUs would be, as currently there is no network interface that needs/allows DU to DU communication.

Furthermore, for the user plane there does not seem to be a strong motivation to introduce new topologies such as Mesh, as the volume of UE-to-UE traffic within the IAB network is unlikely to be a significant fraction of overall backhaul traffic.
As such, it seems unlikely that introducing new topologies (e.g. Mesh connectivity) would bring any real benefit for IAB. 

	OMESH
	We think AT&T proposal can potentially be used for mobile IAB, as the current IAB architecture of Rel16 may not be able to support high mobility. If mobile IAB is introduced, we support to use Sidelink for connecting a mobile IAB to a fixed IAB, and potentially over multiple hops in Uu.

This however does not necessarily introduce a mesh topology for Uu. It may introduce a mesh topology in Sidelink, where a light weight UE does not need to support Sidelink, but can use the Sidelink capability of IAB (e.g., in a vehicle) for proximity communications.

It will need a study phase if introduced.

	Thales
	Dynamic Mesh topology for Mobile IAB embarked in NGSO satellite constellations should be addressed to optimise control path and user plane path in a constellation. 

	Loon
	We support having a full mesh topology


Functionality Table on Routing Enhancements
	Company or other entity
	Insert type of functionality/enhancement

	Qualcomm
	Functionality: In Rel-16 IAB, the BAP layer differentiates between upstream and downstream routing. Rel-17 should support mesh-based routing, where the routing path can consist of an arbitrary sequence of upstream and downstream segments. 

Benefit: An IAB-node with BH RLF can keep CP connectivity with the CU via a dual-connected child node. Another use case is SIPTO@IAB-node, which could be supported in Rel-18 after SIPTO has been specified for NR. 

Necessary normative work: BAP routing and bearer mapping is already abstracted from DAG topology. Therefore, only relatively minor changes may have to be done: 

· A common routing header needs to be used for upstream and downstream

· Routing loops need to be avoided, e.g., via preconfigured paths.


Functionality Table on Inter-IAB node cross link interference management

	Company or other entity
	Inter-IAB node cross link interference management

	Huawei
	· Technical understanding
With TDM based multiplexing between access and backhaul, there exists inter-IAB cross link interference in multi-hop scenario. 4 types of interference pattern exist: DU-to-MT/MT-to-DU/DU-to-DU/MT-to-MT. In all cases, inter-UE CLI doesn’t happen since all access links from UE perspective have the same directions. The inter-IAB node CLI will probably cause severe interference on backhaul link and should be mitigated. 


                     

                        DU-to-MT CLI                                              MT-to-DU CLI


                    

           DU-to-DU CLI                                             MT-to-MT CLI

The inter-IAB node CLI wasn’t discussed in Rel.16 IAB since it was expected to be addressed in the CLI WI in Rel.16. However, CLI WI in Rel.16 didn’t specific anything about inter-BS/inter-IAB node CLI management.  It is necessary to bring this issue back to Rel.17 IAB.
· Expected benefits
Inter-IAB node CLI will cause potential backhaul link degradation and have a negative impact on system performance, thus it has to be mitigated.
· Necessary normative work
It includes the RS for CLI measurement and also the measurement procedure for CLI mitigation

	LG Electronics
	In Rel-16 CLI_RIM WI, UE2UE CLI handling mechanism including L3 CLI measurement/reporting and exchange of intended TDD configuration based on Rel-15 TDD configuration was made. Also, it was expected that general CLI handling solution is applied for IAB operation. However, since Rel-16 IAB specific decision (especially, newly introduced TDD configuration for IAB operation (i.e. U-F-D)) is not reflected to general UE2UE CLI handling mechanism, modification is required for applying to IAB node.

Also, according to allowing duplexing enhancement for IAB in Rel-17, CLI between inter-IAB nodes will become more severe, and it could be possible that the CLI causes potential degradation to backhaul link performance. So, we think that potential CLI enhancement is necessity.


Functionality Table on high order modulation for backhaul link
	Company or other entity
	High order modulation

	Huawei
	· Technical understanding
Undoubtedly, backhaul link capacity enhancement is crucial to system performance in IAB scenario. However, the highest modulation order for FR2 is only 64QAM in Rel-15 which severely limits the E2E system performance. A RAN4 WI in Rel-16 is discussing 256QAM for FR2 downlink, while this WI is applied only to access link, not including backhaul link.  It is widely accepted that high order modulation (above 64QAM) is practically feasible for backhaul link considering the fact that both transmitter and receiver of backhaul link are BS equipment with better RF performance than UE. Therefore, above 64QAM for FR2 DL&UL backhaul link should be defined, focusing on 256QAM.
· Expected benefits
The system level evaluation shows that high order modulation on backhaul link can bring significant system capacity benefits, as illustrated in the table

System capacity performance gain
baseline: w/o IAB nodes (max. 64QAM for backhaul link)

IAB node number
Maximum modulation order for backhaul link

64-QAM

256-QAM

1 IAB node/sector

25.15%

39.00%

3 IAB node/sector

45.08%

70.23%

· Necessary normative work
The only work in RAN1 is to agree above 64QAM for backhaul link and the MCS table for backhaul link for FR2.

RAN4 specifies RF requirement for above 64QAM at FR2.

	Deutsche Telekom
	Extension to 256QAM for IAB backhaul link seems to be useful.

	Loon
	We agree that 256QAM for IAB backhaul is useful


Functionality Table on IAB-node energy saving 
	Company or other entity
	IAB-node energy saving

	Huawei
	In Rel-16, only RRC_CONNECTED mode is supported for IAB node. In Rel-17, a power saving state/inactive state is beneficial to enable energy efficiency.
· Potential normative work
· Introduce F1-AP suspension and resume to enable fast IAB state transition between connected and inactive.

· New triggers for RRC suspension and resume e.g. upon receiving access request from UE or paging message



	
	


Functionality Table on Enhancements to reduce signaling latency over backhaul 
	Company or other entity
	Enhancements to control plane architecture, functional split, and interface functionality

	Futurewei
	One area where we believe it would be useful and beneficial to enhance the current IAB architecture is to enable local CP signalling from an Access IAB node to a child node (IAB-MT or UE) in order to reduce signalling latency. This would particularly be beneficial in multi-hop IAB deployments (reduce/eliminate need for signalling to traverse multiple hops back and forth between Access IAB node and CU-CP).

It would be very beneficial from a latency perspective to enable direct signalling from an Access IAB node to its child nodes (e.g. using RRC). However, some RRC functionality may not be appropriate to divest to the IAB nodes, and should be kept centralized to the CU-CP. As such enhancements would be needed to F1AP to enable RRC functionality to be split between local RRC (IAB node) and centralized RRC (CU-CP). In addition, there would be a need to enhance the current CP protocol stack for IAB (e.g. introduce a PDCP layer for CP at the IAB node), etc.

Furthermore, such enhancements for CP signalling architecture seem essential in order to enable practical solutions for other proposed enhancements such as mobile IAB, HAPS support, etc.


2.2
Category 2: Proposals define new use cases 

All proposals under category 2 will be captured in the Cat-2 Main Table. Mobile IAB, which was included in the RAN Chairman summary from RP#84, falls into this category. Mobile IAB itself entails multiple use cases, which we want to capture separately in this table. The mediator company has taken the liberty to already list two potential use-case candidates for mobile IAB. Companies are welcome to add further mobile-IAB use cases or other new use cases into the Cat-2 Main Table.

For each use case in the Cat-2 Main Table, there will be a separate Use-case Table for discussion of:

1. Requirements. For a mobile IAB use case, for instance, this should include the typical speed of the IAB-node, its range of motion (e.g. local, city-wide, nation-wide), the predictability of motion, the relative speed between UEs and mobile IAB-node, the typical frequency of parent-node changes, the need for multi-connectivity or inter-donor changes, etc.

2. New functionalities/enhancements needed. It is important to identify all functionalities/enhancements for the use case that are not supported by Rel-16 IAB.

3. Necessary normative work for the new functionalities/enhancements needed to support this use case. It is important to differentiate between issues that can be addressed via implementation and those that need specification.

Companies are encouraged to proactively add a Use-case Table when they add a new use case into the Cat-2 Main Table. The discussion mediator will try to consolidate proposals and ask proponents to elaborate on missing issues if necessary. 

Here is the Cat-2 Main Table: 

· Please add proposals on use cases your company wants to see in Rel-17 IAB (separate row for each use case). 

· Please indicate support for use cases proposed by other companies if you consider them important for Rel-17 (in a separate row). 

If you want to propose a new functionality/enhancement that mainly applies to Rel-16 IAB use cases, it may be better suited for section 2.1 of this discussion.

Cat-2 Main Table 

	Company or other entity
	Proposals on new use cases

	RAN Chairman/ QC (mediator)
	Mobile IAB: Moving base station. Moving real estate, e.g. on taxis, buses, etc, is used as urban cell site to support surrounding UEs. 

	RAN Chairman/

QC (mediator)
	Mobile IAB: Train scenario. The mobile IAB-node is on the train to serve in-train UEs. This use case was discussed in TR 36.836. 

	NTT DOCOMO
	Mobile IAB: Train scenario in urban area. Except for coverage extension considered in LTE mobile relay, overcoming blocking in mmW system is an important scenario in IAB. This use case should also apply to bus, etc. The mobile IAB-node is installed on a train/bus  and serves the UEs inside the train/bus.

	Loon
	 HAPs based IAB. These IAB nodes are ~20 km above in the sky. HAP-IAB nodes derive their backhaul from other HAPs or ground towers acting as IAB donor nodes

	Nokia
	IAB on unlicensed band

	AT&T
	Mobile IAB: Enhanced topology adaptation, group mobility, and UE association enhancements

	AT&T
	IAB-U: IAB in Unlicensed Spectrum

	Samsung
	Mobile IAB: Moving base station as urban cell cite e.g. taxis, buses, subway.

	Samsung
	Mobile IAB: Moving base station in country wide e.g. train, high speed train

	Futurewei
	We are somewhat neutral on Mobile IAB. We would like to remind companies that RAN3 did an extensive study on LTE mobile relays in Rel. 11, but ultimately there was a lack of interest from companies to proceed with a WI for mobile relays due to the rather narrow scope of applicability of such a solution

	Sumitomo
	Mobile IAB: Both moving base station and train scenarios are of our interest.  A common purpose of both use cases is extention of the communication area, especially in FR2, which is different scenario from LTE Mobile Relay.  In train scenario, we share similar view as NTT DOCOMO.  The main target is to support in-vehicle area for train and/or bus.  On the other hand, in moving base station scenario, in addition to in-vehicle area, supporting the area outside vehicle could be also considered because that is used to compensate a coverage hole in some cases.  In case of using the area outside vehicle, stationary mobility (i.e. 0km/h) or very slow mobility (e.g. 3km/h) could be assumed.

	CMCC
	Mobile IAB: Train scenario. The mobile IAB-node is on the train to serve in-train UEs. 

	Qualcomm
	Mobile IAB: Train/bus scenario for coverage of in-vehicle UEs.

	OMESH
	Mobile IAB: All vehicle and train/subway scenarios. To study mobile IAB, we think Power Consumption will need to be in serious consideration, for IAB node in all use cases.

	Ericsson
	Support for ad-hoc deployments for NSPS use cases, disaster scenarios etc. The use case could include deployments with limited mobility and support for different access and backhaul frequencies and both FDD/TDD

	Thales
	Mobile IAB: Moving base station, embarked in Low Earth Orbiting Satellites, with global constellation inter-satellite connectivity. 

	vivo
	Mobile IAB: deployed on high speed train.

	Apple 
	Mobile IAB: With latency limitations using public transportation systems and in-vehicle coverages using trains.


Here are the Use-case Tables: Please add comments on (1) requirements, (2) new functionalities/enhancements and (3) necessary normative work. 

Use-case Table on Mobile IAB – Moving base station
	Company or other entity
	Mobile-IAB: Moving base station

	QC (mediator)
	(1) Requirements: 

- The IAB-node typically moves with urban vehicular speed (approx. 50km/h, 35mph)

- City-wide range of motion

- Unpredictable motion

- Relative speed of UEs and IAB-node is up to 2 x urban speed (approx. 100km/h, 70mph)

- Parent node change occurs as frequently as handover for UEs in same environment.

- Inter-donor parent change needs to be supported 



	Intel
	In our view the main focus here will need to be:

· Analysis of the impact to UEs from switching the backhaul from one donor to another (and corresponding changes to the Uu interface)

· Support of inter-donor parent change (i.e., beyond just MT handover)

	Loon
	Requirements

-IAB node generally move slowly but can have a maximum speed of 200 km/hr in the stratosphere.

-Location of IAB nodes is known but future prediction can be noisy depending on HAPs type

-Inter-donor parent change needs to be supported. 

-Enhanced measurements (including e.g., antenna orientation). IAB node in the sky may not have electrically steered antenna. May only have mechanically steered antenna. 

-Support for network directed Inter-CU handovers 

-Increasing number of hops between between IAB donor DU and IAB node. Currently this is at 4. However, meshes in the sky can span 10’s of nodes.

	AT&T
	(1) Requirements: 

· Agree with QC’s input on requirements above. In case of a moving bus scenario, the relative speed of IAB-node and UEs on the bus may be close to zero.

(2) New Functionalities/Enhancements:

· Separation of CP and UP paths - F1AP and RRC connectivity of IAB-nodes via single-hop FR1 link, while UP connectivity is maintained on multi-hop FR2 link. For mobile IAB, this increases robustness, reduces disruption and latency during handover events and link failures. 

· Inter-donor topology adaptation – Required for mobile IAB nodes to move from one donor tree to another donor tree.

· Support for group mobility – During inter-donor handover, even though UEs associated with an IAB-node may not experience access node change, all such UEs would need to undergo handover procedure. This is highly inefficient from a signalling perspective and may also increase handover failures. A more efficient group mobility procedure needs to be supported to reduce impact to control plane signalling during such events.

· UE association enhancements – IAB-aware UE association

(3) Necessary Normative Work:

· Separation of CP and UP paths – Leverage work being already discussed in Rel-16 for F1 over LTE. If that solution is adopted in Rel-16, additional impact in Rel-17 for NR DC case would be quite small and restricted to 38.423.

· Inter-donor topology adaptation

i. F1 re-establishment (38.47x specs)

ii. Inter-donor information transfer (38.423)

iii. N2/N3 re-homing can be done via group mobility procedure (below)

· Support for group mobility – Enhancements to 38.331.

UE association enhancements – Enhancements to 38.331.

	Samsung
	(1) Requirement: 

Agree with QC.

(2) New functionalities/enhancements needed

· PCI confusion

· Cell Identity, TAI, Network node ID issue

· Group mobility procedure for inter-donor case.



	Sumitomo
	(1)
Similar view as Qualcomm

(2)
Inter-donor handover should be supported at a typical urban speed to support at least in-vehicle coverage. 

	Huawei
	The mobile relay has been extensively studied in Rel-11 and Rel-12 in LTE. The scenario and requirements were defined in TR 36.836. Several solutions were discussed including using existing solution as ‘LTE as backhaul, Wi-Fi as Access on Board’, which have no impact on standard. For mobile IAB, we expect that existing solutions can also be used without standard impact, otherwise a study would likely lead to discussing very complicated solutions especially to address network planning and interference migration due to moving base station. 

	Deutsche Telekom
	Scenario should focus on accessing UEs inside the vehicle via the installed IAB node. Addressing UEs outside vehicles in an urban environment could result for those UEs in frequent handovers between moving IAB nodes, static IAB nodes/small cells and macro cells. In addition the antenna set-up at the IAB node for in-vehicle coverage and external coverage has to be different.

One alternative would be to switch that functionality for outside vehicle coverage during parking times. Drawback: Battery consumption.

Inter-donor parent change as main topic to be evaluated.

Further non-technically issue to be considered: Responsibility/ownership for operation? Operator? Vehicle owner? … 

	Qualcomm
	We believe that the general moving-BS scenario is quite complex. We therefore recommend focussing on:

· In-vehicle coverage only

· Moving IAB-node represents last hop in IAB topology (proprietary in-vehicle hops not precluded)

This narrower scope makes the moving-BS scenario similar to the train scenario use case. One additional complication may be the less predictable movement of the IAB-node (as opposed to the train scenario) combined with the potentially large quantity of mobile IAB-nodes deployed within close vicinity. This introduces PCI collision challenges which may not be fully overcome with traditional PCI planning approaches. Also, power control becomes more critical as mobile IAB-nodes may come into closer vicinity. Other necessary enhancements that also apply to the train scenario are discussed as part of that use case.


	OMESH
	On top of above, we shall add power consumption, and network scalability (i.e., how may hops shall be supported in FR1 and FR2 respectively), new topology, e.g., potential use of sidelink.

	Ericsson
	It is necessary to clarify whether the intention is to serve the end users in the moving vehicle or the intention is also to serve other end users outside the moving vehicle. 
It is also necessary to clarify whether the traffic towards the mobile IAB node would be backhauled via other mobile IAB nodes or the mobile IAB nodes would have only static parents.

	Apple
	We prefer the Qualcomm approach here since the scenarios with mobile IABs can get quite complex. As a start, putting strict limits on # of hops (similar to fixed IAB) with added constraints on # of handovers of Donor<->Parent IABs would be a good start. 


Use-case Table on Mobile IAB – Train scenario
	Company or other entity
	Mobile-IAB: Train scenario

	QC (mediator)
	(1) Requirements: 

- The IAB-node typically moves at high speed (approx. 350km/h, 200mph)

- Long range, inter-city

- Very predictable motion

- Relative speed of UEs and IAB-node is very small (pedestrian)

- Parent node change occurs rather frequently (once every 10s for 1km ISD and 100m/s speed)

- Inter-donor parent change needs to be supported



	Intel
	Same comments as for the moving base station case.

	NTT DOCOMO
	Requirements:

· Typical speed: 100 km/h for train and 30km/h for bus in urban area.

· Range of motion: local, city-wide should be considered

· Relative speed between UEs and mobile IAB nodes: negligible or as pedestrian UE, e.g. 3km/h

· Frequency of parent node changes: e.g. once every 20 seconds for 500m ISD and 100 km/h speed. Once every 1 minute for 500m ISD and 30km/h speed.

· Inter-donor handover should be supported.
New functionalities/enhancements:

· Inter-donor handover

· Fast routing adaptation and routing table update

· Access control, e.g. only allow access from UEs inside the train/bus
SDM is baseline for the scenario, since different antenna panel is used for a back hall link (outside of a vehicle) and a front hall link (inside of a vehicle).

	Samsung
	(1) Requirement: 

Agree with QC.

(2) New functionalities/enhancements needed

· PCI confusion

· Cell Identity, TAI, Network node ID issue

· Group mobility procedure for inter-donor case.

	Sumitomo
	Same comment as for the moving base station scenario.

	CMCC
	Requirements:

· Typical speed: up to 500 km/h for train.

· Relative speed between UEs and mobile IAB nodes: negligible or as pedestrian UE, e.g. 3km/h

· Frequency of parent node changes: the scenarios should be aligned with the RAN4 WI of NR support for high speed train scenario.

· Inter-donor handover should be supported.
New functionalities/enhancements:

· Inter-donor handover



	Deutsche Telekom
	Scenario similar to the preceding one. Main difference is the mobile IAB node speed coupled with the train (up to 500 km/h). 

For the coverage across the railway tracks a dedicated deployment of parent nodes can be expected.

	Qualcomm
	We assume that the train scenario aims to provide coverage to in-train uses. For vehicles with very predictable mobility pattern (e.g. the train), traditional network planning approaches, e.g., for PCI, TAI and power levels, can still be applied. One necessary enhancement is IAB-node migration within same and between IAB-donors with negligible interruption time. As discussed for the moving base station scenario, the moving IAB-node should be considered the last hop in the IAB topology, while intra-train transport is left up to proprietary solutions.

	Apple
	Same as moving base station case.


Use-case Table on HAP based IAB nodes
	Company or other entity
	Use case

	Loon
	HAP based 5g platforms can also be used as mobile IAB nodes. 

Requirements

· HAP based platforms operate in the stratosphere (~20 km above)

· move at maximum speeds of 200 km/h. 

· Relative speed between UEs and mobile IAB nodes: negligible or as pedestrian UE

· Location of HAP platform is known. However future prediction is noisy

· Inter-donor parent change needs to be supported. 

· Enhanced measurements (including e.g., antenna orientation). IAB node in the sky may not have electrically steered antenna. May only have mechanically steered antenna. 

· Support for network directed Inter-CU handovers 

· Increasing number of hops between between IAB donor DU and IAB node. Currently this is at 4. However, meshes in the sky can span 10’s of nodes

	Futurewei
	Again, it is rather clear that the HAPS case has many requirements which have not been discussed for IAB (e.g. location prediction, special measurement requirements, antenna steering).
Since HAPS is already being discussed within the NTN SI, wouldn’t it be more appropriate to continue to address HAPS within the scope of NTN?

	Deutsche Telekom
	Should be considered in NTN WI.


Use-case Table on IAB on unlicensed band 
	Company or other entity
	IAB on unlicensed band

	Nokia
	To expand the available spectrum for IAB operation, IAB specifications can be extended to utilize unlicensed operation specified for NR-U (IAB-U). Unlicensed bands would be attractive e.g. to be used for connections for use cases like industrial automation. Rel.16 specifications above PHY will be applicable for IAB-U. The extensions will have limited scope, focused on RAN1 specifications.

Required new features are related mainly to resource management taking into account the restrictions due to the NRU channel access; CCA/LBT.

	AT&T
	1)  Requirements: 

· NR-based access to unlicensed spectrum for IAB nodes must be included in Rel-17 NR-U WID scope
· Primary focus is unlicensed spectrum beyond FR2, e.g., E-band, but also 6 GHz

· RAN #82 agreed a study on NR beyond 52.6 GHz to be concluded at RAN #86 (RP-182861)

· Regulatory requirements as well as NR design requirements and considerations pertinent to IAB and directional LBT shall be addressed in Rel. 16 already
2) New functionality/enhancements
· IAB-specific enhancements for topology/routing mechanisms based on channel access mechanisms defined in NR-U in Rel-17 
· Mesh connectivity between IAB nodes for redundancy and low-latency CP/UP routing


	Deutsche Telekom
	Useful future extension of IAB node features, but with lower priority against the other new use cases. Could be considered after Rel-17 NR-U WI.


Use-case Table on Ad-hoc IAB deployments
	Company or other entity
	Ad-hoc IAB deployments 

	Ericsson
	· Could include temporary or semi-permanent IAB node deployment

· Providing coverage in rural or extreme rural scenarios with lack of permanent infrastructure or in areas where the current infrastructure is damaged (e.g. fire, earthquake)

· Use case could include HAPS or other aerial platforms, cell on wheels, network in container 

· Slowly moving with unpredictable motion (Parent node change occurs infrequently)

· Both network-integrated and stand-alone deployments (isolated CN operation) can be considered

· Inter-CU change need to be supported

	…
	


Use-case Table on Mobile IAB in NGSO satellite constellation 
	Company or other entity
	IAB for NGSO satellite constellation

	Thales
	To expand access coverage from a gNB using a minimal number of Earth stations by interconnecting satellite to each other thanks to IABs (as for terrestrial networks)., through inter-satellite links.

As satellite are placed in low Earth orbits (sliding with respect to Earth and with respect to each other), the IAB interconnection map would be dynamic.

The speed of the satellite w.r.t. to Earth is typically in the range of several km/s. Distance variations between the gNB and a satellite can range between several hundreds of kms to several hundreds of kms. 

Frequency bands to be addressed are above 32 GHz, until optical wavelengths. The selection of the spectrum is related to the total bandwidth needs.

Delay variation can therefore be significant (between IAB nodes, and within the mesh IAB network). Doppler variations can also be of importance within the mesh. Techniques to pre-compensate within the mesh can however envisaged as the motion of the satellite platforms embarking the IAB is predictable. Selection of IABs from the UEs point of view has also to be addressed.


2.3
Summary of Phase 1

The following table summarizes Cat-1 proposals on new enhancements. The proposals have been consolidated as explained in the third column of the table and underneath the table.

Summary Table: Cat.1 

	Enhancements
	Proponents
	Comments by mediator

	Duplexing enhancements
	17
	Also includes NR-DC resource allocation and cross-link interference since these enhancements are closely interrelated

	Topology adaptation enhancements
	8
	Includes inter-donor IAB-node migration, reduction of interruption times and inter-donor CP/UP split via FR1/FR2 

	Topology/routing enhancements 
	3
	This relates to more relaxed connectivity in IAB DAG. It excludes SL since this is a separate Rel-17 WI

	Network coding
	3
	Network coding has been proposed for Rel-17 URLLC.

	Enhancements to reduce signalling latency over backhaul
	1
	

	Multi-MT operation
	1
	

	Enhancements for real time services, low latency (URLLC)
	1
	This contribution did not propose any specific enhancements. Improvements to RT and low latency services can be absorbed by duplexing enhancements.

	Enhancement to end-to-end flow control to reduce buffering in the IAB network
	1
	The contribution did not propose any specific enhancements.

	Support for 256QAM 
	1
	Ongoing effort in Rel-16 (RAN4).

	IAB node energy saving, e.g. support of inactive state.
	1
	There is a parallel email discussion on NR network energy savings.


Further comments by the mediator on Cat.1:

· Overlap with other Rel-17 topics: Rel-17 IAB should not include topics handled by other Rel-17 SIs/WIs such as NR side-link, operation above 52GHz, or NR network energy savings. IAB-specific aspects to these topics may be handled in Rel-18.
· 256QAM: Handled by RAN4 in Rel-16 for Uu. 

· Multi-MT operation or enhancements to support more than two parent nodes: RAN2/3 aspects should be handled as part of enhancements to MR-DC, i.e., applicable also to access.  Resource allocation aspects, e.g. co-channel duplexing, can be handled as part of duplexing enhancements. 

· Topology/routing enhancements: The mediator believes that on the control plane, inter-IAB-node communications can presently be performed by the BAP layer (i.e. in Rel-16 IAB). However, enhancements are needed to support mesh connectivity between IAB-node and IAB-donor. In Rel-16, this connectivity is confined to the DAG, i.e. only upstream or downstream routing is supported.
· Network coding: As requested by the mediator, the two companies supporting this feature have provided detailed technically background information. The mediator has made the following observations:

· Based on the information by proponents of network coding, multiple options need to be considered among which several are not within the scope of Rel-17 IAB. 
· If restricted to Rel-17 IAB, network coding would have to operate on BAP layer, where it is restricted to the IAB-donor DU, i.e., it cannot exploit redundancy across multiple IAB-donor DUs or across multiple cell groups supporting the UE. 
Further, companies raised the following issues on network coding:
· Deserves a study item rather than being rushed through a work item

· Adds latency.

· Not compliant with hop-by-hop and end-to-end flow control defined in Rel-16 IAB.

· Might already be applied above 3GPP (presumably on application layer).

· Terminology is vague and further down-scoping is necessary.

· Analysis is needed to gauge benefits over existing IAB mechanisms such as RLC ARQ, multi-path routing, etc. 

Since there was quite some interest in this topic in Phase 1, NC discussion will be continued in Phase 2 with scope confined to IAB. The discussion will aim to identify objectives for a SI. The final report of Phase 2 will emphasize that other use cases of NC could not be addressed in this email discussion.

· Prioritization: The mediator suggests deprioritizing enhancements that have been proposed by only one company. 
The following table contains a summary of Cat-2 proposals on new use cases. Comments by mediator in included in the third row and below the table. 

Summary Table: Cat.1
	Use case
	Proponents
	Comments by mediator

	Train scenario
	7
	Many companies believe this use case should be extended to other vehicles such as buses.

	Mobile base station
	3
	Some companies believe that the relative speed with respect to outside users needs to be very small.

	HAPS/satellites
	2
	These two use cases have been combined since 1) they are very different in nature than the other use cases, 2) HAPS-satellite communications have been proposed

	Ad-hoc network
	1
	This proposal includes multiple use cases (e.g. stationary network, HAPS, etc.) without explicit example on the enhancements necessary to support ad-hoc mode

	Unlicensed band 
	2
	Only NR-U, excluding 52GHz+, which is a separate Rel-17 SI/WI.


Further comments by mediator on Cat.2:

· Evolution of mobile IAB: Mediator believes that only limited mobile-IAB use case scenarios can be handled within Rel-17, and further enhancements will be necessary in Rel-18. For Rel-17, it is necessary to properly scope the effort.

· Rel-17 mobile IAB: Companies supporting the moving-BS use case suggested that the relative speed between UE and mobile IAB-node should be close to zero. Proponents of the train-scenario further extended the use case to other types of vehicles such as buses. Based on these replies, the mediator proposes consolidation of both use cases. The resulting mobile-IAB use case would have the following requirements:

· Inter-donor parent-node change (including inter-donor information transfer, F1 migration and group-based NG/S1 rehoming)

· Enhancements to minimize backhaul connection break during parent-node change 

· Considerations for handling of PCI confusion and TAI/RAN-node ID changes. 

The first two requirements are already captured by the enhancements to topology adaptation under Cat.1. The enhancements necessary to meet the third requirement depend on the assumptions made to the predictability of the IAB-node’s trajectory. When IAB-node motion is deterministic, conventional network planning procedures may be applicable, and no further enhancements may be necessary. In this case, mobile IAB can be absorbed by the topology adaptation topic.
· HAPS and satellite use cases: These use cases are very different from those of Rel-16 IAB and the moving BS/train scenario. While proponents of these use cases have tried to explain some of the technical aspects, more detailed understanding of the underlying requirements is necessary. It would be beneficial if the proponents of these use cases could establish the delta to the enhancements proposed for Cat.1 (including mobile BS/train). This would enable support for HAPS/satellites in future releases. Rel-17 IAB should further try to ensure future-compliance to HAPS/satellite use cases.    
· Ad-hoc network: The ad-hoc network entails use cases discussed for Rel-16 and for mobile IAB above. The support of these use cases does not preclude ad-hoc deployment. Ad-hoc-specific requirements and enhancements were not proposed.
· Unlicensed band: This use case is missing detailed requirements and the corresponding enhancements. Further scoping of this effort needs to occur in Phase 2.
3
Phase 2 

3.1
Objectives for Rel-17 IAB topics 

Based on Phase 1 discussion, the following topics should be supported by Rel-17 IAB: 
	Rel-17 IAB topics

	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.


Phase 2 of the discussion aims to identify WID objectives for all topics except network coding. For network coding, the discussion aims to identify SID objectives. For this purpose, companies are asked to provide WID/SID objectives for each of these five topics in the corresponding tables below. 
Note: several objectives can be readily derived from contributions to Phase 1.

Table on Duplexing Enhancements

	Company
	Objective proposed
	Leading WG

	Intel
	Support of SDM and FDM, including:

· Timing alignment schemes to support SDM/FDM

· Crosslink interference management

· Power control enhancements

· Scheduling enhancements
	RAN1

	AT&T
	· IAB node resource allocation and configuration enhancements to support simultaneous multi-panel and multi-parent transmission/reception for IAB:

· SDM: Simultaneously Tx or Rx on backhaul and access links

· MPTR: Simultaneously Tx and Rx on backhaul and access links (UEs to remain half-duplex)

· Multi-parent: Mechanisms to support semi-static and dynamic resource coordination between parent IAB-DUs/donors of the same child IAB node

· Support for Case 6 and Case 7 timing (as described in 38.874) to enable aligned DU/MT Rx and Tx timing

· Power control enhancements to support FDM/SDM of backhaul and access Tx/Rx functions on the same RF chains (or panels).

· Enhancements supporting intra-IAB node/ inter-IAB node CLI measurement and mitigation in case of SDM/MPTR 
	RAN1

	Samsung
	The following WID objective is considered for FDM/SDM enhancements (for now, unclear for full duplex):

Specification of mechanisms for FDM/SDM among backhaul and access links. 

· Specification of DL/UL power control considering IAB implementation regarding same or different panel/RF for access and backhaul links in case of FDM/SDM operation subject to half-duplex constraint. 

· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding resource utilization for FDM/SDM.

Specification of mechanism to support the “case-6” and “case-7” OTA timing alignment
	RAN1

	ZTE
	For duplexing enhancements, the following issues could be studied: 

- Simultaneous reception rules and associated behaviours for IAB nodes to perform FDM/SDM;
- Power control/sharing for FDM/SDM;
- Mechanisms for timing in support of FDM/SDM, e.g., allow case-7 timing;
- Study mechanisms for interference measurement and configurations for interference measurement resource to solve CLI;
- Study other enhancements for multiple panels based on rules and behaviors associated with single panel;
	RAN1

	KDDI
	Specification of mechanisms for FDM/SDM among backhaul and access links, including
· Resource allocation and configuration enhancements

· Timing alignment mechanisms to support for Case 6 and Case 7 timing (as described in 38.874)
· Power control/sharing enhancements
· Crosslink interference management
	RAN1

	Qualcomm
	· Specification of enhancements to resource multiplexing between upstream and downstream links of an IAB node, including:
· Support for IAB node capable of at least partial simultaneous operation (transmission or reception) of the co-located IAB MT and IAB DU (e.g. SDM/FDM).

· Support for multi-parent connectivity scenarios defined by RAN2/RAN3 (e.g. intra-frequency) in the context of topology enhancements for improved robustness and reliability.

· Specification of IAB node timing modes (e.g. case 7 timing) to facilitate simultaneous operation (transmission or reception) of the co-located IAB MT and IAB DU (e.g. SDM/FDM).

· Specification of mechanisms for power and interference management of backhaul links, e.g. to facilitate simultaneous operation (transmission or reception) of the co-located IAB MT and IAB DU.

	RAN1

	CMCC
	Specification of mechanisms for resource multiplexing among backhaul and access links in SDM/FDM

· Enhancements of mechanism of timing alignments to support SDM/FDM, e.g.  Case-6 and Case-7.

· Enhancements of power control to enable FDM/SDM of backhaul and access Tx/Rx under the same and multiple RF chains or panels
· Scheduling mechanism enhancements under the FDM/SDM of backhaul and access transmission and receptions.

Both single panel (BH and AC share a same panel or RF chain) and multiple panels should be considered.
	RAN1

	Nokia
	Resource management for SDM/FDM

· Specification of enhancements for semi-static and dynamic resource allocation to enable simultaneous RX or TX of IAB-MT and IAB-DU. Solutions applicable for both single- and multi-panel IAB structure shall be taken into account.

· Definition of related enhancements for timing to enable alignment of access/BH signals.

Resource management for IAB multi-connectivity

· Specification of resource management for following cases:
· Case #0: Specification of resource configurations (MCG, SCG) for IAB-MT 

· Case #1: Specification of resource configurations for IAB-DU serving cell groups (MCG and/or SCG) of two (or more) child IAB-MTs.

· Case #2: Defining principles to determine the resource availability for a parent IAB node DUs  configured to serve MCG and SCG of the dual connected child IAB-MT.
· The scenario, where IAB nodes are under the same IAB-donor, shall be considered. Optionally, the scenario with inter-donor multi-connectivity can be considered depending on the higher layer support for the inter-donor DC operation.
Power control

· Rel.16 work in RAN4 is defining basic requirements with the assumption that they would be forward compatible with the expected enhancement for SDM/FDM operation

Related to RF requirements for SDM/FDM, the outcome of Rel.16 work shall be evaluated first, and, only if shortcomings are identified the requirements can be revisited in Rel.17
	RAN1

	Sony
	To support SDM/FDM

· Scheduling enhancements and signalling 

· Power control enhancement 
· Timing alignment enhancement

	RAN1

	CEWiT, Tejas Networks, IITM, IITH
	· Signalling support for SDM/FDM/IBFD.

· Enhancement on cross link interference management and self-interference management. 

·  DL power control.

· Resource allocation strategies for FDM/SDM/IBFD

· Inter IAB discovery and measurement with FDM/SDM/IBFD

· Timing alignment for FDM/SDM/IBFD


	RAN1, RAN2, RAN 4

	Futurewei
	· Scheduling, resource management, and signalling enhancements.

· Timing alignment for FDM/SDM

· Enhancements for CLI management and Self IM, if needed
	RAN1

	Ericsson
	Support for simultaneous DU/MT TX and simultaneous DU/MT RX (a.k.a. FDM/SDM) including

· Support for new DU/MT timing relations (i.e. Case-6 and Case-7 according to TR 38.874)

· Power-control enhancements, if needed

· Scheduling and resource allocation enhancements, if needed

· Cross-link interference-management functionality, if needed


	RAN1

	NTT DOCOMO
	· Specification of enhanced mechanisms to support SDM/FDM/Full duplex resource multiplexing among backhaul and access links. This includes

· Study enhancement on Rel-16 configuration signalling for DU resources, if needed, specify the configuration signalling for DU resources in case of SDM/FDM/FD operation.
· Specification of required transmission/reception rules for IAB nodes and associated behaviours in case of SDM/FDM/FD operation.

· Specification of mechanism to support the “case-6” and “case-7” OTA timing alignment.

· Specification of mechanism to support DL power control.
	RAN1

	LG Electronics
	Support SDM/FDM and full duplexing.

Include following specification of enhanced mechanisms:
· Further flexible resource multiplexing

· Enhancements of mechanism of timing alignment (e.g., Case 6 and Case 7)

· Enhancement of supporting intra-IAB node / inter-IAB node CLI measurement and mitigation

· Self-interference management

· Enhancement of power control
	RAN1

	Huawei
	Specification of enhancements to resource multiplexing between backhaul and access links for IAB node, including

· Specification of resource allocation and associated behaviours for IAB node to support SDM/FDM operation, e.g. remove the restriction that TDD-UL-DL-ConfigDedicated-IAB-MT can only overrides the flexible symbols provided by TDD-UL-DL-ConfigurationCommon in Rel-16
· Specification of mechanisms to support case 6 and case 7 timing alignment 

· Specification of enhancements to power control to support SDM/FDM operation 

· Specification of mechanisms for interference measurement and resource coordination for CLI management
	RAN1

	Sumitomo
	The following WID objective should be at least included for FDM/SDM enhancements:

· Power control/sharing for FDM/SDM

· Timing alignment for FDM/SDM

Cross-link interference management
	RAN1


Table on Topology adaptation enhancements
	Company
	Objective proposed
	Leading WG

	Intel
	For stationary IAB networks:
· Procedures to ensure efficient topology when IAB nodes are added or removed from network
For IAB networks with mobile IAB nodes:

· IAB node migration between DUs and between CUs

· Control plane dual connectivity to enable seamless handover of backhauls and group handovers of UEs

· Support of more than 2 parents at IAB nodes
	RAN2

	AT&T
	For mobile IAB:
· Separation of CP connectivity via single-hop FR1 links and UP connectivity via multi-hop FR2 link(s). 

· Inter-donor topology adaptation

· Support for group mobility – optimizing and reducing impact on control plane signalling for UEs during mobile IAB node handover events

· UE association enhancements – IAB-aware UE association
	RAN2

	Samsung
	· Mobile IAB configuration

·  PCI allocation, IAB node identity, cell identity and TAI configuration

·  Enhancements of IP address allocation/notification

· Specification of procedures for IAB node mobility and UE mobility 

· Procedures for seamless/fast inter-donor change of IAB node and handovers of UEs. DC based mobility may be considered.

· Procedures for failure recovery, including IAB node recovery and UE recovery.

· Specification of signalling enhancements to NG, X2, Xn, F1, E1 for supporting mobile IAB.
	RAN3

	ZTE
	For mobile IAB:

         - group mobility optimization: replace the frequent HO or TAU of a group of UEs/child IAB MTs with the individual HO or TAU of IAB node MT;

         -  multi-RAT: allow NR on backhaul link and NR/LTE/3G/2G/Wi-Fi on the access link via the same IAB node;

         - SON: intelligent IP address, PCI, NCGI acquisition; resource coordination among donor CUs. 
         - Power saving: switch on/off parent IAB node/donor DU based on the proximity of mobile IAB node, configure the IAB node MT or UE measurement according to the  IAB node’s movement trace or location.
	RAN2

	KDDI
	For stationary IAB nodes:

· Procedure enhancements for topology change/adaptation when IAB nodes are added or removed from network

· Some leftovers/enhancement from Rel-16, RLF related behaviour, lossless delivery, local decision making for load balancing
For mobile IAB nodes:

· IAB node group migration between DUs and between CUs including group handover
	RAN2/3

	Qualcomm
	The following WI objectives support IAB-node mobility as well as robustness and load-balancing for stationary IAB-networks. These objectives do not aim to introduce new procedures to CN.

· Specification of procedures for inter-donor IAB-node migration including considerations of changes to PCI, cell identifier, TAI, BAP-routing IDs and IP addresses.

· Specification of enhancements to reduce service interruption due to intra-donor IAB-node migration and BH RLF recovery considering, e.g., Rel-16 mobility enhancements, mobility prediction and make-before-break connectivity on the backhaul.

· Enhancements to topological redundancy allowing for more than two parent nodes and FR1/FR2 separation of CP and UP.

· Specification of enhancements for group UE mobility events to reduce signalling due to backhaul changes.  


	RAN2/3

	CMCC
	For Mobile IAB

1. Support of inter-donor IAB node change

2. Support of group mobility to reduce control plane signalling impact during mobility events


	

	Nokia
	Mobility enhancements applied to IAB topology adaptation
Elimination of excessive connection breaks due to IAB topology adaptation is important to minimize the impact to access UEs in the cells served by the IAB nodes. Any improvements, specified in the other WIs and IAB WI, will be beneficial for IAB performance. The IAB objectives include:
· Applying Rel.16 mobility enhancements, specified by the dedicated mobility enhancements WI, to IAB

· Defining and specifying IAB specific enhancements for topology adaptation: Enhancements can include e.g. additional triggers for CHO execution, usage of dual connectivity for seamless BH change from a parent to another

CP signalling over the MCG link

For an IAB node in EN-DC, for robustness Rel.16 allows delivery of both RRC and F1AP signaling over the LTE SRB. Similarly, an IAB node in NR-DC may be configured with an FR1 MCG provided by a non-BAP capable gNB DU and an FR2 SCG via a BAP-capable donor DU. Generalizing the Rel-16 EN-DC signaling-delivery mechanism to such a scenario brings the same benefits.
Proposed objective:

· Introduce the necessary enhancements to allow the delivery of F1AP signaling to an IAB node in NR-DC over its MN-terminated SRB provided by a non-BAP-capable gNB DU (RAN2, RAN3)
Mobile IAB: Scenario definition, requirements and possible enhancements

It is important to define the scenario in which the mobile IAB is going to deployed in order to determine the requirements for the enhanced IAB features. The main use case is where the IAB node is installed in a vehicle, e.g. train or bus, and serving UEs travel in the vehicle. To limit the complexity of the solution, it can be assumed that the moving IAB node is connected to a fixed (non-moving) parent node that can be an IAB-donor or an IAB node. The max supported relative speed shall be defined based on the deployment scenario.

Potential enhancements can be evaluated in the following areas:
· Measurements/reporting: Further requirements can be expected for discovery and monitoring depending on the assumed mobility of the IAB node. Rel.16 IAB supports inter-IAB node discovery and measurements with STC and SMTC configurations and RX/TX patterns for IAB specific SSBs. Rel.16 shall be the baseline for any further enhancement (RAN1). Measurement requirements to be assessed by RAN4.
· Inter-CU mobility

· Group mobility is supported in some form already in Rel.16. This is an optimization for mobile IAB and can be left releases beyond Rel.17.

· PCI and TAI management to large degree can be handled with existing means and it is unclear if any enhancements are needed.
Power control: The need for additional requirement for power control depends on the scenario definition. (RAN4)
	RAN2

	Sony
	For mobile IAB:

· Inter-donor IAB node change
· Group handover

· Minimize interruption time during handover, e.g. RACH-less handover
	RAN2

	Futurewei
	We see topology adaptation and mobile IAB as distinct use cases, with different requirements. However, some enhancements (e.g. group mobility) may be applicable to both scenarios.

For mobile IAB we prefer to limit our consideration to mobility of the final (access) IAB node only, as this would be the practical scenario for typical mobile IAB (e.g. busses, trains, other high occupancy vehicles).
Mobility enhancements defined in other WIs should be adaptable to the mobile IAB scenario, with essentially no changes. Therefore, we do not think that the IAB WI should spend significant effort on this.

Key areas to be enhanced include: signalling enhancements to support group mobility (NG, X2, Xn, F1, E1), distributed RRC to access IAB node for end UEs to improve robustness and reliability.
	RAN3

	Ericsson
	Enhancements to existing IAB architecture to enable seamless inter CU change,

Specification of multi MT operation

•
Support for NR intra-frequency operation for multi-MT operation

•
Modification of BAP protocol for multi-MT operation
	RAN2/RAN3

	Huawei
	The WI should focus on the necessary enhancements for stationary IAB nodes,  which may include :

· Specification of procedures for inter-donor DU IAB-node migration / topology adaptation;

· Specification of enhancements to reduce service interruption due to intra-donor IAB-node migration e.g. taking R16 DAPS based solution in R16 into account;

Regarding Mobile IAB, as replied in the phase 1, we expect that existing solutions can be used without standard impact, otherwise a study would likely lead to discussing very complicated solutions especially to address network planning and interference migration due to moving base station
	RAN2/3

	Sumitomo
	For mobile IAB, specify necessary signalling and procedures to realize mobility both for IAB nodes and UEs:

· Seamless inter-donor node path switching 
· Group mobility for UEs in order to realize consistent path switching with IAB nodes
	RAN2

	Loon
	Layer 3 messaging (F1-AP or RRC) to indicate direction/location of where measurements need to be done and time of enactment information.

Another Layer 3 message to specify advance configuration of alternative routes and reconfiguration of topology with time of enactment.
	


Table on topology/routing enhancements 
	Company
	Objective proposed
	Leading WG

	Intel
	Mesh connectivity in an IAB network could be beneficial; however, we think a study is needed to understand how it can be enabled. We think the following need to be studied:
· Target use cases

· Options for direct communication between IAB nodes:
· MT to MT radio links (similar to PC5)

· DU to MT links (similar to Uu, but with local routing of data)
· Routing of data: should a given packet of data be allowed to go over both Uu and direct node to node links or should the direct node to node links be used only for “local” data?
· Establishment and control of direct node to node direct links and resource allocation to 
Outcome of sidelink relay email discussion (ongoing) should also be taken into account.
	RAN2

	AT&T
	Mesh connectivity between IAB nodes for redundancy and low-latency CP/UP routing via PC5-based interface between peer IAB-MTs of two IAB nodes:

· Support for CP signalling directly between IAB nodes to support resource coordination and robustness in case of backhaul link failures 
· Support for UP routing over mesh topologies to reduce latency for low-latency and/or local traffic

· Support for both standalone mesh backhaul networks and hybrid multi-frequency mesh/hierarchical topologies 
Support for backhaul scheduling enhancements at IAB nodes/donor nodes (carryover from Rel-16). Potential enhancements include transmitting a scheduling benefit metric, L1/L2 measurements, or topology information via a BAP control PDU.
	RAN2

	Samsung
	Enhancements to routing for a DAG-based topology, with specific focus on:

· Introducing greater flexibility (over Rel-16) to bearer-level buffering and scheduling at IAB nodes;
· Introducing re-routing for reasons other than RLF, such as load balancing/congestion control/fairness;
· Allowing a degree of local decision making, by introducing CU-configured path prioritisation.

	RAN2

	ZTE
	Given the limited time for Rel-17, it is questionable whether all these stuffs should be considered and completed within the R17 IAB enhancement WI. For the mesh topology, it is necessary to firstly clarify the motivations and to confine the usage of mesh topology. The following issues might be considered:

1) Whether a hierarchical architecture (parent DU vs. child MT) or peer-to-peer architecture (sidelink alike) should be supported. 
2) Upper layer IAB node scheduled resource allocation of child node vs. autonomous resource selection by each IAB node; 
3) Routing discovery and maintenance for mesh topology;
4) Proximity discovery of UEs and local routing of UP traffic within one donor CU or neighboring donor Cus;
	RAN2

	KDDI
	Agree with ZTE’s view to have some study to identify the motivations/benefit for having mesh topology.

We are negative to introduce sidelink to IAB technology and want to stick to Uplink/Downlink scheme for IAB. If Rel-17 IAB WI tries to touch sidelink, we should clarify its motivation/justification first.
	RAN2

	Qualcomm
	Local traffic can be supported within the IAB topology by allocating CU-CP and UPF functionality at the IAB-node via implementation. The only enhancement needed is QoS support for non-F1 traffic on the wireless backhaul.

· Specification to support QoS for non-F1 traffic on the wireless backhaul to enable local traffic within the IAB topology by collocating CU-UP and UPF functionality with the IAB-node.

Local and mesh-based routing have already been discussed in Rel-16. Only minor enhancements are needed such as introducing route priorities and ensuring loop-free routes.

· Enhancements to the routing on the IAB topology to support local routing decisions and loop-free mesh routing paths for robustness and fine-granular load balancing.

Also, congestion mitigation and fairness enforcement have been discussed in Rel-16, and it has been become apparent that they require more work.

· Specification of signalling enhancements for congestion mitigation and fairness enforcement across the IAB topology.  
	RAN2/3

	Nokia
	Solution to extend IAB topology with enhanced routing

In order to limit the complexity of topology/routing enhancements, it is proposed to confine the solutions to apply Rel.16 principles where the routing configuration is done by the Donor CU. Furthermore, BH connections are setup as in Rel.16, i.e. initiated by the IAB-MT and having the parent-child relationship over the BH link. The enhancements can include following:
· Defining and specifying UL/DL-agnostic BAP routing in the IAB topology allowing configuration of paths including both UL and DL segments

· Specifying needed enhancements for routing configurations and related control signalling

· Assessment of the need for inter-IAB node coordination and related signalling taking into account centralized configuration for IAB routing. In case additional inter-IAB node coordination is required, BAP layer signalling should be used to minimize standards impacts
·  BAP signalling enhancements to support scheduling and resource allocation in an IAB network not addressed in Rel.16. Enhancements may include relative priority parent/child RLC channels, CSI information or other related information.
	RAN2

	Sony
	Mesh connectivity between IAB nodes

· Route establishment and update

· Local route selection
	RAN2

	Futurewei
	The currently agreed design for routing functionality is largely agnostic to routing direction (upstream/downstream), as such it should be straight forward to adapt to other topologies. Therefore, local routing between IAB nodes is already possible with the Rel. 16 design, with perhaps the introduction of minimal enhancements (e.g. local routing priorities)
Having said this, there are likely to be significant challenges for the introduction of peer-to-peer type of topologies between UEs, such as how to address security, since the PDCP layer of the UE terminates at the Donor-CU. One approach would be to define local CU-UP functionality (and potentially local UPF) within intermediate IAB nodes. Also, how to determine local routability between different UEs is not simple, as the association between UEs can typically only be determined by the CN, which in turn has no knowledge of IAB network topology.

In general, we agree with the comments from Nokia regarding keeping the configuration of routing at the CU level in order to manage complexity. Enhancements to local route selection for local load balancing and performance optimization are well understood and have been discussed during the IAB SI.  However, other cases, such as peer-to-peer routing between UEs would require more study in order to establish a clear motivation for their support.    
	RAN2

	Ericsson
	Specify enhancements for multipath load balancing.

Enhancements to enable improved QoS fairness and bounded latency

Improvements to e2e flow control reducing buffering in the intermediary node

The use case for mesh connectivity for IAB need to be defined before any objectives are proposed
	RAN2/RAN3

	Huawei
	The requirements and use cases on Mesh Connectivity is not clear to us.  So far, we do not think any enhancements to support mesh connectivity is needed.
	


Table on unlicensed band (NR-U)
	Company
	Objective proposed
	Leading WG

	Intel
	We see the benefit of using NR-u for IAB backhaul links. For the most part, NR-u as specified in Release 16 should be usable for backhaul. Some IAB specific enhancements to support initial access with NR-u based backhaul (for TDM between backhaul and access links) may be needed. We think it would be useful to have an NR-u specific study phase in Release 17 IAB to understand what if any enhancements are needed. 
Study objective:

· Analyze need for IAB enhancements to support initial access with NR-u based backhaul links
	RAN1

	AT&T
	The scope of this item is TBD depending on the outcome of the 52.6GHz and beyond SI and Rel-17 NR-U WI email discussions. Potential impact on IAB would be the channel access mechanism and numerology/waveform defined for new unlicensed bands >= 52.6GHz.
	RAN1

	ZTE
	Rel-17 IAB should not climb up to such a complexity level that the Hard/Soft/NA resource defined in Rel-16 can be further adjusted by listen-before-talk condition. The resource multiplexing rules and behaviors upon TDM/FDM/SDM should be maintained the same across licensed band and unlicensed band. Under this assumption, NR-U mechanism can be kept orthogonal to integration of backhaul and access links. 
	RAN1

	Qualcomm
	We don’t believe that any normative work is necessary for RAN1, RAN2 or RAN3. However, some effort may be necessary for RAN4. 
	

	Nokia
	IAB resource management with NR-U channel access
· Extension to support NR-U channel access for IAB would open new spectrum for IAB deployment. Primary band providing capacity for BH would be on 60GHz. Work related to 60GHz unlicensed should progress first before addressing IAB specific issues. 

· Final specifications of IAB support for unlicensed operation requires also that the regulation for the targeted band(s) (e.g. 60GHz) has been completed.
Objectives to cover enhancements in following areas:

· Identifying the need for enhancements for supporting coexistence schemes.
· Definition of COT (Channel Occupancy Time) acquisition for BH and access channels in a multi-hop IAB topology.

· Analysis of the need for enhancements for resource management.

	RAN1

	Sony
	We suggest to wait the outcome of 52.6GHz discussion.
	RAN1

	Futurewei
	It seems that most of the interest centers around 52.6 GHz band. If that is indeed the case, we suggest to wait for the completion of the 52.6 GHz discussion.
	

	Huawei
	If it is targeting 60 GHz, our understanding it should only come after the related work on 60 GHz is done, e.g. waveform, numerology, channel access.
	


Table on network coding
	Company
	Objective proposed
	Leading WG

	Intel
	Study the following for application of network coding in IAB:
· Expected benefits (latency, throughput, reliability…) in comparison to legacy approaches

· Protocol architecture options for support of network coding in IAB

· Network coding options: 

· random linear network coding, or preconfigured; 

· coding at source only or also at intermediate nodes

· interaction with ARQ, routing etc.
	RAN2

	AT&T
	Network coding has significant potential for applicability to IAB networks, and especially mobile IAB. Hence, in Release 17 this topic must at least be studied in order to determine applicable scenarios and use cases with most potential gain. To that end, we propose study of:

1. Protocol stack architectures applicable to fixed and mobile IAB, with and without impact to legacy UEs.

2. Reliability, efficiency, throughput and latency performance for small and large packet sizes compared to Release 16 packet duplication.

3. Network coding techniques, including rateless codes, discrete rate codes, and other potential network coding techniques with and without feedback.
	RAN2

	KDDI
	No strong view, however if it provides benefit, we are ok to have some study in Rel-17.
	RAN2

	CEWiT, Tejas Networks, IITH
	Packet-level FEC may be a more appropriate descriptor than Network Coding since there is no coding at intermediate nodes here 

Suggest study of packet-level FEC in IAB including:

-          Comparison of packet-level FEC schemes with respect to latency, throughput, reliability and ability to utilize multiple paths against legacy approaches such as PDCP duplication, ARQ and hybrid ARQ
-    Identification of an appropriate mm-wave IAB link-level model: for example, Gilbert-Elliott may be a better fit than a simple erasure channel 

-   Ensuring that the study includes FEC schemes suitable for handling both burst and random erasures, small and large packet sizes as well as decoding-delay constraints
-   Study should thus consider codes specifically designed for this setting and not be limited to RS-like block codes or rateless codes

- Support extending the study to include URLLC settings
	RAN2

	Futurewei
	We see this topic as being orthogonal to other potential IAB enhancement topics. If companies feel there is value to study NC in the Rel. 17 timeframe, then we feel this should be defined as an independent SI (separate from an IAB enhancements WI). Otherwise, we feel that it would quite difficult to manage and balance the allocation of TUs between eIAB and the study of NC.

As far as the scope of such a SI (if agreed), we think that the proposals from Intel and AT&T above seem to provide a good starting point.
	RAN2

	Huawei
	As replied in the phase 1, the benefits of network coding is not clear and not convincing in RP-192109 and RP-191346. We think it is pre-mature to have a study in rel-17.
	

	
	
	


3
Summary of Email Discussion
3.1 
High-level summary

27 companies participated in the email discussion. The following topics were identified:

	WI/SI
	Topic
	Led by WG

	WI
	Duplexing enhancements
	RAN1

	WI
	Topology adaptation enhancements and mobile IAB
	RAN2/3

	WI
	Topology, routing and transport enhancements
	RAN2/3

	WI
	Unlicensed band: Should be handled by NR above 52.6 GHz
	-/-

	SI
	Network coding: Should be handled by separate SI with broader scope.
	-/-


Duplexing enhancements: 
Includes enhancements to resource-, timing-, power- and interference management for the support of SDM/FDM/multi-panel-Tx/Rx duplexing and for intra-frequency multi-parent connectivity. 
Topology adaptation enhancements and mobile IAB

The main mobile-IAB use case is NR access inside trains or busses with NR backhauling. This use case requires several enhancements to topology adaptation. The same enhancements provide robustness and refined load balancing for stationary networks. With minor extension, they can also support High-Altitude-Platform-Solutions (HAPS). 

The enhancements include inter-donor IAB-node migration, reduction of service interruption due to IAB-node migration, improvements to topological redundancy and support for group-mobility optimizations. New CN procedures are not anticipated for this topic.
Topology, routing and transport enhancements

These enhancements enable mesh-based routing, broader support for local routing, and the support for local traffic within the IAB topology. It further includes follow up work from Rel-16 on congestion mitigation and scheduling. These enhancements improve robustness, load-balancing, spectral efficiency and performance across the IAB-network.
Unlicensed band

Companies felt that NR above 52.6 GHz represents a significant use case for IAB. Some IAB-related work may be necessary in RAN4. Companies felt that this work should be included in the WI on NR above 52.6 GHz.
Network coding

While there was significant interest in network coding, companies felt that this topic required a separate study item with broader scope than IAB. 
3.2 
Technical clarifications

Mesh-based routing

There was vivid discussion on the topic of mesh-based routing. The following technical points should be considered:

· Mesh-based routing applies to BAP routing and bearer mapping. The underlying physical layer topology in IAB will still be a DAG using Uu interfaces. 

· Rel-16 IAB already supports mesh-based routing: Configuration of routing and bearer mapping use CU-selected identifiers, which are the same for UL and DL; the configuration does not differentiate between UL and DL; further, the same BAP routing ID is used for UL and DL. Therefore, only minor enhancements are necessary for the support of mesh-based routing.

· Mesh-based routing allows flexible routing paths through the IAB topology that combine UL and DL segments. This allows the IAB-node with BH RLF, for instance, to exchange CP packets with the CU via a multi-connected child node. 

Local traffic

There was also vivid discussion on the support of local traffic within the IAB-topology. Some companies proposed integration of side-link with IAB to enable UE-to-UE relaying via IAB-nodes. Other companies considered such efforts to be out of scope. The following points should be considered:

· NR sidelink is handled in a separate Rel-17 effort and not in scope for Rel-17 IAB.
· Local traffic within the IAB-network is possible by collocating a CU-UP function and UPF with the IAB-node. Such collocation uses existing CN procedures. Some interface protocols, e.g. such as E1, NG and N4 need to be routed over the wireless IP backhaul plane, which is already supported in Rel-16. 

· The necessary enhancements mainly relate to QoS support of non-F1 traffic over BAP. 

Impact on CN procedures

Enhancements proposed for Rel-17 IAB will only have minor impact on CN signalling. The introduction of new CN procedures is not anticipated.
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