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Introduction
[bookmark: _Hlk510705081]This document summarizes the main findings and proposals for NR enhancements to support IAB operation. Detailed elaboration and analysis can be found in the companion papers referred in each section.
Discussion
The sections below include main points and findings for the PHY support and assumption for the IAB operation considering the agreements so far in RAN1. More detailed discussion can be found in the referred TDocs dedicated for each topic.
	Radio resource allocation
We consider radio resource allocation aspects in [4]. The main question considered was: how to define schedulable resources for IAB Child links? We analyzed the slot configuration principles of NR Rel-15 in the IAB scenarios. Based on the discussion we made the following observation and proposal:

Observation 1: Slot configuration depicted in TS 38.213 can be used to determine schedulable resources for IAB nodes in the TDM scenario:
· Flexible resources can be used for IAB Child link(s) only when pre-defined (Rel-15) conditions are fulfilled
· Flexible resources have inbuilt support for dynamic allocation between Parent BH and Child links.

Proposal 1: Adopt signalling principles used for NR Rel-15 slot format indication (layered structure, adaptation periods, granularities, etc.) also for the IAB scenario. 

Rel-15 approach has been defined for access link -only scenario Therefore there are some issues that needs to be identified when applying it in the IAB scenario. For example: 
· Rel-15 signalling does not support link direction alignment (or other interference coordination) between different links. This means that additional signalling on top of NR Rel-15 is required in any case.
· Slot configuration based on Rel-15 contains coupling between Parent BH and Child links. 
· According to Rel-15 rules, parent BH link has always the highest priority
· Parent node may suffer from scheduler restrictions e.g. to ensure that periodic signals & PDCCH monitoring occasions for IAB node are outside the flexible resources (otherwise those flexible resources cannot be used for Child link).
· IAB node may have difficulties to configure resources for cell common signals SSB, PRACH and CORESET#0 as they must be within the flexible resources. Dynamic capacity allocation between access and BH may worsen the situation.
· There is a need for common framework to cover different duplexing schemes (TDM/FDM/SDM, full duplex)

It appears that for the IAB scenarios, the resource types should define the functionality for two simultaneous links: Parent BH and Child link(s). Based on that, we propose to consider the following resource types shown in Figure 1. 
Proposal 2: Support the following resource types for IAB node, based on NR-Rel-15
· Type A: Resources for DL Parent BH link 
· Type B: Resources for UL Parent BH link 
· Type C: Flexible resources available for DL/UL Parent BH and DL/UL Child link(s)

Proposal 3: Support the following resource types for IAB nodes:
· Type 1: Resources for DL Child link(s) 
· Type 2: Resources for UL Child link(s)
· Type 3: Flexible resources available for UL or DL Child link(s)
· Type 4: Resources available for DL Parent BH link and UL Child link(s)
· Type 5: Resources available for UL Parent BH link and DL Child link(s)

Proposal 4: Support additional slot formats for DCI 2_0 according to resource Types 1-5
Proposal 5: Discuss the need for resource types supporting full duplex operation at the IAB node.
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Figure 1. Resource types for different IAB scenarios.  

	Single-panel vs. multi-panel operation in FDM/SDM scenario
We consider different implementation options for IAB node subject to a half-duplex constraint in [8]. It was be noted that FDM/SDM scenario can be implemented with one or multiple antenna panels at the IAB node.

The single-panel scenario may suffer from limited Tx power (due to PA between access and BH) as well as power imbalance between backhaul and access. Furthermore, Tx and Rx timing alignment between Parent BH and Child link(s) may be required at the IAB node.

For multi-panel scenario, we assume that each panel is equipped with a separate baseband. We also assume that Parent BH and Child link(s) are processed with different panels and/or by means of TDM. This means that:
· Transmission power for Parent BH and Child link(s) are not limited by each other.
· Rx power imbalance between Parent BH and Child links is not an issue.
· Tx/Rx timing alignment between Parent BH and Child link(s) is not needed. 
In order to minimize the standardization efforts, and based on the discussion in [8] we make the following proposal:

Proposal 6: Consider the following scenario as the baseline IAB operation for the case of SDM/FDM between Parent BH and Child links:
•	Multi-panel deployment
•	Separate baseband per panel (multiple baseband)
•	Parent BH and Child links are processed with different antenna panels and/or by means of TDM.

Other scenarios including 1) single panel scenario and 2) multi-panel scenario with FDM/SDM between Parent BH and Child links within a panel can be seen as IAB implementation -specific options. 

Observation 2: Single panel scenario and multi-panel scenario with FDM/SDM between Parent BH and Child links within a panel can be seen as IAB implementation -specific options, which do not require standardization efforts in Rel-16.

	RACH enhancements
IAB nodes can have a higher number of antennas or larger antenna panels than UEs. Also, there is higher probability of LoS channel to parent node and other IAB node. Therefore, it is expected that much higher pathloss and/or distances would be supported for random access between two IAB nodes (or an IAB node and a DgNB) than for access UEs. For this reason, one can say that considerably longer round-trip times should be supported for RACH between IAB nodes than between a UE and an IAB node. In a typical application of IAB for coverage extension, the RACH for IAB should typically support roughly twice the round-trip time that is needed for UEs. Also supporting RACH between IAB nodes separated by multiple hops may be seldom necessary in a fully deployed network. 
Observation 3: For sharing RACH resources between IAB and UE access, the extended range of the IAB BH connection should be taken into account either in RACH signal design or in the RACH procedure.
One way is to reserve separate IAB RACH resources to allow selecting the preamble format and/or the cyclic shift step (Ncs) independently for UEs and IAB Nodes. This would mean some resource waste due to the additional RACH (whose load could be fairly low) and its configuration signaling. Therefore, it should be considered how to share single RACH for UEs and IAB nodes.     
One RACH sharing option would be to configure an IAB specific initial TA for RACH preamble transmission. The initial TA would compensate the extended range for the BH link, and this way the RACH formats and Ncs values used by the access UEs would not be affected by the IAB deployment. 
There are, however, a  few issues to be clarified, e.t. how to set the value for the initial TA to match with the extended range. Should it be manually configured when deploying the IAB nodes, should there be support on broadcast information (SI) to indicate the value, or some other means. If initial TA is set by broadcasted information, it should correspond to the minimum RTT between IAB nodes or between IAB nodes and DgNB. 
Proposal 7: RAN1 is asked to study whether an IAB specific RACH timing would solve the issue of RACH with BH ranges longer than the cell radius of the access cell.
  
	Discovery and measurements
In [5] we discuss IAB node discovery and measurements on the other IAB nodes in the situation that the IAB node’s BH connection has already been activated. In [3], solutions for discovery were classified as SSB and CSI-RS based (Solution 1 and 2, respectively), and the alternatives under Solution 1 were (Solution 1-A) relying on SSBs sent for access UEs and (Solution 1-B) IAB specific SSBs that are orthogonal in time with the SSBs sent for UEs.

Because of the half-duplex limitation, an IAB node cannot transmit and detect SSBs simultaneously. This means that Solutions 1-A and -B require SSB muting patterns such that during muting a node can try to detect SSBs of other nodes. Simplest way of muting is to do that half-frame wise meaning that complete SSB sets are muted. Muting patterns could be random, pseudorandom, or allocated from a set of patterns allowing mutual discovery during the pattern length for a certain number of nodes. With other than random patterns, network would need to co-ordinate the pattern use.  

The question on Solution 1-A is the impact of muting on UEs. That depends on the requirements for the IAB discovery i.e. what shall be the periodicity of muting. Deployment of a new IAB node is a rare event, and discovering a newly deployed node could be allowed to take even seconds. However, there could be other situations where more rapid discovery and frequent muting would be desired.  
Observation 4: Solution 1-A (SSB based discovery by reusing SSBs sent for access UEs) requires muting of SSBs affecting the access UEs. It is FFS what will be the requirements for the IAB monitoring and hence, how much the muting will affect regular SSB transmission.            

A question on Solution 1-B (IAB specific SSBs) is how to avoid UEs trying to base cell search on the IAB specific SSBs as these are not sent on regular basis due to the half duplex limitation. Avoiding completely access UEs detecting IAB SSBs may not be possible, as even off-raster SSBs may be detected by a UE that is searching the first synchronization source. But just like with off-raster access UE SSBs, MIB of an IAB SSB should direct UEs to detect on-raster SSBs with RMSI-PDCCH-Config. This would work if associated RMSI need not be transmitted with IAB specific SSBs, which could be possible because those SSBs are not meant for initial access.   
Observation 5: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not associated to SIB1.     
For CSI-RS based discovery (Solution 2), an IAB node would be ordered to transmit CSI-RS whose sequence and resource is known to nearby nodes that are ordered for measurements. The coordination of CSI-RS transmissions could rely on the measurements that each node does on the (access UE) SSBs of earlier deployed IAB nodes before it is activated for IAB operation. The node that is being deployed would report the IAB nodes it has discovered in this initial phase and based on the report network would know which nodes it should order to measure the CSI-RS of the newly deployed node. This kind of CSI-RS based discovery would be feasible at least in synchronous network with stationary nodes. In other situations, it would be simpler to rely on SSBs because those are designed for search of signals whose timing is not known.    
Observation 6: In synchronized network and with stationary nodes, IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS measurements in later phases. 
As a summary we conclude that:
· Solution 1-A (based on access UE SSBs) has some specification impact due to muting patterns, means no overhead, but can be an option only if the impact to access UEs is considered acceptable.
· Solution 1-B (based on IAB specific SSBs) has the largest specification impact and overhead.
· Solution 2 (CSI-RS based) could be implemented without standard changes and therefore could be an implementation option. The SCI-RS based measurements are anyways needed and the discovery could be based on similar measurements. The assumption is that, like with normal UE mobility measurements, network can anticipate which nodes might be able to detect each other and configures the measurements for discovery based on this information. In asynchronous networks or with moving nodes, SSBs would be needed for simple timing determination.    
Observation 7: CSI-RS based discovery (Solution 2) can be an implementation based solution for synchronous networks with stationary IAB nodes.

	IAB timing
In [6] we have analysed the timing Cases defined for IAB operation and especially those agreed in RAN1#94, i.e. Cases 6 and 7. These new cases are combinations of the previously agreed cases:
· Case 6 combines Case 1 DL and Case 2 aligned TX timing for UL and DL
· Case 7 combines Case 1 DL and Case 3 aligned RX timing for UL and DL
The new Cases therefore include potential issues identified for Cases 2 and 3. Additional clarification is needed for the Cases 6 and 7 how the next hop child node can adjust the DL timing to be in synch with the other nodes. The TA control on the downstream BH link will be affected by the TA on the upstream BH link which is not known by the child IAB node. As a summary, following issues should be studied:

a) Asynchronous DL: Cases 2(a) and Case 4
· IAB specific interference scenarios
b) Negative TA: Case 3 and Case 7
c) Further studies needed how to provide the DL timing for the child IAB nodes, Case 6 and Case 7
It should be clarified if b) and/or c) in the list above would need specifications changes to make the related cases viable. Otherwise the timing options can be considered as implementation options to facilitate certain IAB implementation options and usage of SDM/FDM for multiplexing access and backhaul links. Time alignment either for RX or TX signal within an IAB node can enable more efficient utilization of radio resource in 1) single panel scenario and 2) multi-panel scenario with FDM/SDM between Parent BH and Child links within a panel.

Observation 8: Timing options apart from Case 1 can be considered as options facilitating the usage of SDM/FDM between the links especially with a single-panel implementation.

Proposal 8: RAN1 is asked to clarify potential specification impacts for the timing cases 3,4,6 and 7.

	CLI mitigation
In [7], the different aspects of cross-link interference management for integrated access and backhaul are considered. Particularly, the work focuses on different aspects of reference signals to enable UL-to-DL CLI measurements and related physical layer mechanisms.  Based on the discussion, the following proposals have been made [7]:
Proposal 9: Consider the feasibility of different measurement metrics, e.g. RSRPs or RSSI or SINR, for UL-to-DL CLI measurements. 
Proposal 10: Support flexibly configurable CSI-IM resource that can be adapted according to the resource configuration of interfering UL RS.
Proposal 11: Consider hybrid CSI-IM and DMRS resource configuration for UL-to-DL CLI measurements in the IAB framework.
Proposal 12: Consider group triggering mechanisms to enable group of interfering nodes to transmit RSs at predefined time instant(s).
Proposal 13: Study further the impact of timing error to the performance of UL-to-DL CLI mitigation in backhaul with higher order modulations, e.g. 64-QAM, 256-QAM and 1024-QAM.
Further details of CLI management and mitigation aspects can be found from our contributions [7].
Conclusion
In this contributions we have summarized various aspects of the IAB operation and required NR enhancements. Detailed description of the analysis and findings can be found in the referred papers dedicated for the studied topics.
Main observations were following:
Observation 1: Slot configuration depicted in TS 38.213 can be used to determine schedulable resources for IAB nodes in the TDM scenario:
· Flexible resources can be used for IAB Child link(s) only when pre-defined (Rel-15) conditions are fulfilled
· Flexible resources have inbuilt support for dynamic allocation between Parent BH and Child links.
Observation 2: Single panel scenario and multi-panel scenario with FDM/SDM between Parent BH and Child links within a panel can be seen as IAB implementation -specific options, which do not require standardization efforts in Rel-16.
Observation 3: For sharing RACH resources between IAB and UE access, the extended range of the IAB BH connection should be taken into account either in RACH signal design or in the RACH procedure.
Observation 4: Solution 1-A (SSB based discovery by reusing SSBs sent for access UEs) requires muting of SSBs affecting the access UEs. It is FFS what will be the requirements for the IAB monitoring and hence, how much the muting will affect regular SSB transmission.            

Observation 5: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not associated to SIB1.     
Observation 6: In synchronized network and with stationary nodes, IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS measurements in later phases. 
Observation 7: CSI-RS based discovery (Solution 2) can be an implementation based solution for synchronous networks with stationary IAB nodes.
Observation 8: Timing options apart from Case 1 can be considered as options facilitating the usage of SDM/FDM between the links especially with a single-panel implementation.

Main proposals for RAN1 were:
Proposal 1: Adopt signalling principles used for NR Rel-15 slot format indication (layered structure, adaptation periods, granularities, etc.) also for the IAB scenario.
Proposal 2: Support the following resource types for IAB node, based on NR-Rel-15
· Type A: Resources for DL Parent BH link 
· Type B: Resources for UL Parent BH link 
· Type C: Flexible resources available for DL/UL Parent BH and DL/UL Child link(s)
Proposal 3: Support the following resource types for IAB nodes:
· Type 1: Resources for DL Child link(s) 
· Type 2: Resources for UL Child link(s)
· Type 3: Flexible resources available for UL or DL Child link(s)
· Type 4: Resources available for DL Parent BH link and UL Child link(s)
· Type 5: Resources available for UL Parent BH link and DL Child link(s)
Proposal 4: Support additional slot formats for DCI 2_0 according to resource Types 1-5
Proposal 5: Discuss the need for resource types supporting full duplex operation at the IAB node.
Proposal 6: Consider the following scenario as the baseline IAB operation for the case of SDM/FDM between Parent BH and Child links:
•	Multi-panel deployment
•	Separate baseband per panel (multiple baseband)
•	Parent BH and Child links are processed with different antenna panels and/or by means of TDM.
Proposal 7: RAN1 is asked to study whether an IAB specific RACH timing would solve the issue of RACH with BH ranges longer than the cell radius of the access cell.
Proposal 8: RAN1 is asked to clarify potential specification impacts for the timing cases 3,4,6 and 7.
Proposal 9: Consider the feasibility of different measurement metrics, e.g. RSRPs or RSSI or SINR, for UL-to-DL CLI measurements. 
Proposal 10: Support flexibly configurable CSI-IM resource that can be adapted according to the resource configuration of interfering UL RS.
Proposal 11: Consider hybrid CSI-IM and DMRS resource configuration for UL-to-DL CLI measurements in the IAB framework.
Proposal 12: Consider group triggering mechanisms to enable group of interfering nodes to transmit RSs at predefined time instant(s).
Proposal 13: Study further the impact of timing error to the performance of UL-to-DL CLI mitigation in backhaul with higher order modulations, e.g. 64-QAM, 256-QAM and 1024-QAM.
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