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1 Introduction

A new study item on “Integrated Access and Backhaul for NR” was approved in RAN#75[1] with detailed objectives as follows:
· Topology management for single-hop/multi-hop and redundant connectivity [RAN2, RAN3], e.g.

· Protocol stack and network architecture design (including interfaces between rTRPs) considering operation of multiple relay hops between the anchor node (e.g. connection to core) and UE 

· Control and User plane procedures, including handling of QoS, for supporting forwarding of traffic across one or multiple wireless backhaul links

· Route selection and optimization [RAN2, RAN1, RAN3], e.g.

· Mechanisms for discovery and management of backhaul links for TRPs with integrated backhaul and access functionalities
· RAN-based mechanisms to support dynamic route selection (potentially without core network involvement) to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links

· Evaluate the benefit of resource allocation/route management coordination across multiple nodes, for end-to-end route selection and optimization.

· Dynamic resource allocation between the backhaul and access links [RAN1, RAN2], e.g., 

· Mechanisms to efficiently multiplex access and backhaul links (for both DL and UL directions) in time, frequency, or space under a per-link half-duplex constraint across one or multiple backhaul link hops for both TDD and FDD operation 

· Cross-link interference (CLI) measurement, coordination and mitigation between rTRPs and UEs

· High spectral efficiency while also supporting reliable transmission [RAN1]
· Identification of physical layer solutions or enhancements to support wireless backhaul links with high spectral efficiency

· Note: support of these functionalities should consider existing mechanisms for access links as a starting point
This contribution discusses the possible application scenarios and topology for IAB. In addition, some system level evaluation methodology and assumptions are also presented. IAB physical layer enhancement is discussed in the companion contribution [2]. 
2 Scenarios, topology and evaluation methodology considerations on IAB 
2.1 Scenarios 
In this section, some relay application scenarios are presented. The valuable deployment scenarios include capacity improvement, coverage enhancement and others.
In terms of capacity improvement, hotspot indoor/outdoor is the typical scenario, including the busy commercial street where line of sight links between small cells and macro eNodeBs do not always exist, and shopping mall where population density and traffic requirement are very high. 
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Fig.1 Hot Spot capacity enhancement




Fig.2 Coverage Extension
For coverage extension, generally there are three main scenarios including Dead Spot, Rural Area and Emergency or Temporary Coverage. Relay node can be deployed in Dead Spots scenario since wireless service quality might be significantly degraded due to unexpected blockage especially for the NLoS cases at mmWave band. The aim of the rural area scenario is to achieve ubiquitous coverage whilst reducing deployment cost with the introduction of relays. And Emergency or Temporary Coverage refers to the temporary communications network deployment in case of a disaster or other events that require fast and scalable deployment. 
The above scenarios mostly focus on fixed relay. Another typical scenario is Group Mobility related to high speed scenario in TR 38.913. The group mobility scenario refers to a mobile relay station mounted on top of the moving vehicle to facilitate higher throughout and lower handover interruption. While considering the practical requirements of mobile relay, we propose to de-prioritize it in this release.  



Fig.3 Group Mobility
Proposal 1: Fixed relay scenarios can be prioritized as baseline for capacity enhancement and coverage extension, and mobile relay FFS.
2.2 Topology consideration
To enable the enhanced requirements for IAB, besides single-hop based relay which had been supported in LTE, more topologies [1] should be considered in NR, including multi-hop and redundant connectivity which are illustrated in Figure 4. Specifically, operating NR IAB in mmWave spectrum presents some unique challenges including the NLoS blind coverage area, severe short-term blockage due to beam pair mismatching, etc. In addition, low frequency assisted HF relay should be considered. Therefore, at least the following fundamental cases should be considered in NR IAB.

· Case 1: Single hop relay
· Case 2: Multi-hop relay

· Case 3: Multi-connection backhaul

· Case 4: LF assisted HF relay 
Other more complicated topologies can be supported by the combination of the above cases.
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Fig.4 IAB topology

Proposal 2:
At least the following topologies should be considered in IAB:

· Case 1: Single hop relay

· Case 2: Multi-hop relay

· Case 3: Multi-connection backhaul
· Case 4: LF assisted HF relay 
Other more complicated topologies can be supported by the combination of the above cases.
2.3 Evaluation considerations for IAB 
TR38.913 has defined many scenarios for different use cases (e.g., eMBB, mMTC and uRLLC). For IAB, due to the introduction of RN and some new technical requirements (e.g., multi-hop, redundant connectivity etc.), some aspects relevant to IAB system evaluation have to be reconsidered, including the RN deployment, channel modelling, RN antenna configuration and the performance metrics. 
2.3.1 RN deployment

For RN deployment, the deployment methodology in LTE relay seems not preferable considering the flexible topology in NR IAB. Instead, we suggest reusing the micro TRP deployment method (option 1) in 38.802[3] in UDN scenario, as illustrated in Figure 5 with the key points as follows:  

· Randomly and uniformly drop the RN in the whole network

· 2/3 UEs are randomly and uniformly dropped within the RN cluster with a radius of R and consider the minimum distance between RN (DRN)
· 1/3 UEs are randomly and uniformly dropped outside of the RN clusters
Proposal 3: Reuse the micro TRP’s deployment method (option 1) in UDN scenario for RN deployment.
2.3.2 RN attachment

To enable multi-hop and/or redundant connectivity, the single hop based attachment method where RN selects the best donor TRP as its access point should be modified accordingly. To be specific, the candidate access points for one RN include both donor TRP and other RNs. Furthermore, the selected serving RN  shall already get access to the its father RNs/ TRPs. 

Proposal 4: The candidate access points for one RN should include both the donor TRPs and other RNs.
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Fig.5 Clustering-based RN deployment method
2.3.3 Channel model

There are three types of communication nodes in IAB system, Donor TRP, RN and UE. Accordingly, there exists four types of communication link, Donor-to-RN, Donor-to-UE, RN-to-RN and RN-to-UE. So far the channel model defined in TR.38.900 (for above 6GHz) and in TR 36.873 (for below 6GHz) is applicable only to Donor-to-UE or RN-to-UE links. Therefore the channel model for Donor-to-RN and RN-to-RN has to be defined. In fact, channel model between two TRP has been already discussed in 38.802[2] for flexible duplex. In IAB, we can reuse this channel model as a starting point as listed in the following table. But the channel model for flexible duplex is just a simplified version and further study is needed considering the RN deployment scenarios. For example, the LoS probability and the angle spread between Donor-to-RN and RN-to-RN etc.
Table 1 Parameters for channel modeling

	Parameters
	Dense urban
	Urban macro
	Indoor hotspot

	Large-scale channel parameters(*)
	Below 6GHz:

- Macro-to-UE: 3D UMa

- Micro-to-UE: 3D UMi

- Macro-to-Macro: 3D UMa (h_UE=25m)

- Macro-to-Micro: 3D UMa (h_UE=10m)

- Micro-to-Micro: 3D UMi (h_UE=10m)

- UE-to-UE: A.2.1.2 in TR36.843(***), penetration loss between UEs follows Table A.2.1-13
Above 6GHz:

- Macro-to-UE: 5GCM UMa

- Micro-to-UE: UMi-Street canyon

- Macro-to-Macro: 5GCM UMa (h_UE=25m) 

- Macro-to-Micro: 5GCM UMa (h_UE=10m)

- Micro-to-Micro: UMi-Street canyon (h_UE=10m) 

- UE-to-UE: UMi-Street canyon (h_BS=1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12
	Below 6GHz:

- TRP-to-UE: ITU InH 

- TRP-to-TRP: ITU InH (h_UE=3m)

- UE-to-UE: A.2.1.2 in TR36.843 (***)
Above 6GHz:

- TRP-to-UE: 5GCM Indoor-office

- TRP-to-TRP: 5GCM Indoor-office (h_UE=3m)

- UE-to-UE: 5GCM Indoor-office (h_BS=1.5m)

	Fast fading parameters(*)
	Below 6GHz:

- Macro-to-UE: 3D Uma

- Micro-to-UE: 3D Umi

- Macro to Macro: 3D UMa O-to-O (h_UE=25m); ASA and ZSA statistics(**) updated to be the same as ASD and ZSD; ZoD offset = 0

- Macro to Micro: 3D Uma O-to-O

- Micro to Micro: 3D Umi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

- UE to UE: InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support. 

Above 6GHz:

- Macro-to-UE: 5GCM Uma

- Micro-to-UE: UMi-Street canyon

- Macro to macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

- Macro to micro: 5GCM UMa O-to-O

- Micro to Micro: UMi-Street canyon O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0

- UE to UE: UMi-Street canyon; ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support. 
	Below 6GHz:

- TRP-to-UE: ITU InH 

- TRP-to-TRP: ITU InH (h_UE=3m), ASA statistics updated to be the same as ASD

- UE-to-UE: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
Above 6GHz:

- TRP-to-UE: 5GCM Indoor-office

- TRP-to-TRP: 5GCM Indoor-office (h_UE=3m), ASA and ZSA statistics(**) updated to be the same as ASD and ZSD

- UE-to-UE: 5GCM Indoor-office (h_BS=1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

	(*):
The assumption is used as starting point for IAB evaluation, and further update might be made.
(**):
Statistics of ASA/ASD and ZSA/ZSD include its mean, standard variance, correlation distance in the horizontal plane, and in-cluster angular spread (e.g., cluster ASA/ASD).
(***):
For outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR36.843 for pathloss calculation, and “ITU-R IMT UMi” for LOS Probability derivation. For outdoor to indoor case, the penetration loss term “20.0+0.5*d_in” is excluded in pathloss formula given in A.2.1.2 of TR36.843, and the penetration loss is derived according to Table A.2.1-13.


Proposal 5: The TRP-to-TRP channel model defined in flexible duplex can be reused for Donor-to-RN and RN-to-RN as a starting point, and further studies and refinement are needed considering the RN deployment scenarios.
2.3.4 RN Antenna configuration
For RN, it communicates with its access point (Donor or RN) and also the UEs or next hop RNs. Therefore, it is better to consider the multi-arrays based antenna structure, considering the diverse deployment scenarios and UE distribution. Figure 6 can be used as a typical RN antenna configuration which comprises of three antenna arrays/panels with 120 degree shift for each array. 
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Fig.6 RN antenna structure

Proposal 6: Multiple antenna arrays should be assumed at RN for evaluation.
2.3.5 Performance metrics
The following requirements and aspects should be addressed by the integrated access and wireless backhaul for NR[1]:

· Efficient and flexible operation for both inband and outband relaying in indoor and outdoor scenarios 
· Multi-hop and redundant connectivity
· End-to-end route selection and optimization

· Support of backhaul links with high spectral efficiency

· Support of legacy NR UEs
Based on the requirements above, the following performance metrics can be considered in IAB evaluation:

· User plane latency 
· Spectral efficiency
· User perceived throughput (for burst traffic transmission)
· Other metrics are not precluded
Particularly, for delay-related metrics (e.g., user plane latency, user perceived throughput), end to end latency should be considered (e.g. Donor eNB to UE)  in the evaluation. 

Proposal 7: The following performance metrics should be considered in IAB evaluation

· User plane latency 
· Spectral efficiency

· User perceived throughput (for burst traffic transmission) 

· Other metrics are not precluded

3 Conclusions
In this contribution, we  discuss the application scenarios, topology and evaluation methodologies. Based on the above discussion, the following proposals are made:

Proposal 1: Fixed relay scenarios can be prioritized as baseline for capacity enhancement and coverage extension, and mobile relay FFS.
Proposal 2:
At least the following topologies should be considered in IAB:

· Case 1: Single hop relay

· Case 2: Multi-hop relay

· Case 3: Multi-connection backhaul
· Case 4: LF assisted HF relay 
Other more complicated topologies can be supported by the combination of the above cases.
Proposal 3: Reuse the micro TRP’s deployment method (option 1) in UDN scenario for RN deployment.
Proposal 4: The candidate access points for one RN should include both the donor TRPs and other RNs.

Proposal 5: The TRP-to-TRP channel model defined in flexible duplex can be reused for Donor-to-RN and RN-to-RN as a starting point, and further studies and refinement are needed considering the RN deployment scenarios.
Proposal 6: Multiple antenna arrays should be assumed at RN for evaluation.
Proposal 7: The following performance metrics should be considered in IAB evaluation

· User plane latency 
· Spectral efficiency

· User perceived throughput (for burst traffic transmission) 

· Other metrics are not precluded
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