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1 Introduction

In RAN#78 meeting, a new study item for IAB for backhaul was approved [1]. According to the SID, objectives of the study item are as follows.

· Topology management for single-hop/multi-hop and redundant connectivity [RAN2, RAN3], e.g.

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

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

· High spectral efficiency while also supporting reliable transmission [RAN1]
In the last meeting, various issues were discussed and many agreements were made for NR IAB support [2].

Based on the study item objectives and agreements, we discuss on schemes to support and enhance NR access and backhaul links.
2 Initial access procedure for NR IAB
In terms of initial access procedure in IAB, two aspects need to be considered: (a) how to minimize impact on legacy NR UEs (b) how to enhance initial access for advanced UEs. As a relay node introduces backhaul latency in terms of data transmission and also may require more resources to deliver the same data (including access and backhaul resources), in determining best cell, not only RSRP/RSRQ but also node type (e.g., either donor or RN) and hop count need to be considered. For example, when RSRP/RSRQ are compatible between donor and RN node for a given UE, it is generally desirable to associate the UE to donor instead of RN node. To assist advanced UEs, we can consider mechanisms to indicate ‘node type’ and ‘hop count’ via initial access signals such as SSB or RMSI. Based on the information, a UE may apply penalty offset in RRM results towards RN nodes with higher hop count compared to donor or RN nodes with small hop count. As the information is not available for legacy UEs, it can be considered RN applies potential penalty by reducing power of SSB transmission. As the latter approach may impact on the coverage, further considerations between different options are needed. 
Similar approach can be also applied to connected UE RRM measurements and handover related procedure. As discussed in our companion contribution [3], we can consider enhancing UE RRM reporting condition or reporting mechanism. For example, when a UE detects a neighbouring cell with small hop count compared to the current serving cell, it can trigger reporting such that the serving cell may consider handover. Also, in terms of comparing RSRP/RSRQ among neighbour cells and serving cell, node type and hop count can be additionally considered. 
Proposal 1: In RRM measurement, not only RSRP/RSRQP but also node type and hop count need to be considered. For RRM report triggering event, enhancements are supported such as introducing a new event based on hop count comparison and RSRP/RSRQ offset based on hop count. 
Related to initial access in IAB, whole performance is matched with the worst link quality from Donor to UE via IAB node. In this respect, UE is necessary to know end to end link quality before initial access. We can think about the following approach:

· Relay node broadcasts the minimum link quality from DgNB to its own node in RMSI. Advanced UEs assumes min (RSRP1, RSRP2) is the relay node’s RSRP where RSRP1 is minimum RSRP from DgNB to the relay and RSRP2 is RSRP from the relay node to UE.

The worst RSRP approach can be also applied for RRM measurement. If network would like to consider the worst RSRP from DgNB through IAB node to UE, for the event triggered RRM measurement, UEs can calculate the worst RSRP. If not, sometimes, UEs would feedback RRM which is not needed at network side. It would be helpful to have more realistic RRM results.

Proposal 2: For Cell selection/measurement mechanisms, maximizing of min(RSRP) among all the links from DgNB through IAB nodes to a UE should be considered. 
Proposal 3: To assist UE selection, hop count and min(RSRP/RSRQ) from a donor to an IAB node can be broadcast via RMSI in the IAB node.
3 Access and backhaul link timing
In this section, we discuss the considerations of scheduling/coordination among backhaul/access links, and suggest the proper directions for backhaul/access links scheduling.
For scheduling/coordination of links in NR IAB, as discussed in [4], following aspects need to be considered.
(1) Tx/Rx alignment 
(2) Slot boundary alignment

(3) Legacy UE support

(4) CLI for UE

(5) Independent access link timing on backhaul link switching

Based on above considerations, we discuss three scheduling options for NR IAB.
· Option A. Simultaneous transmission of access and backhaul link
At first, we considered a method to utilize all access link and backhaul link simultaneously in a node side, while considering (1), (2), and (3) in Section 2.1. 

In this option, transmission of three links (backhaul uplink to parent node(s), backhaul downlink to child node(s), and access downlink to UEs) and reception of three links (backhaul downlink to parent node(s), backhaul uplink to child node(s), and access uplink to UEs) are TDMed. Links for the same hop count have the same link direction, and the direction is reversed for nodes in the next hop count. Then, in the next time, link direction is reversed so Tx/Rx is switched in a node side. The detail example and mechanism of this option is explained in our companion contribution [4]. 
· Option B. TDM between access and backhaul link
Option A has benefit in terms of efficient resource utilization, but also have some drawbacks. One is that access link timing has dependency on backhaul link timing. If parent node of a RN is changed, backhaul link Tx/Rx timing with the parent node also be changed. Also, this option also has CLI issue for a UE since access link direction can be different between two UEs connected to different nodes. This approach could work effectively when single hop IAB topology is considered where such issues are not significant. 
Considering above aspects, Option B aims to keep access link timing constant and adapt backhaul link timing to maximize resource sharing. In this option, access and backhaul links are TDMed, so links are TDMed as follows.

· Time duration 1: Access downlink to UEs

· Time duration 2: Backhaul downlink from parent node(s) and backhaul uplink from child node(s)

· Time duration 3: Backhaul uplink to parent node(s) and backhaul downlink to child node(s)

· Time duration 4: Access uplink from UEs

An example of Option B is illustrated in Figure 3-1. If this option is applied, all access links can be synchronized absolutely and link direction of all access links are aligned since backhaul links are not used during access links are used. But, backhaul links of different nodes still have different Tx/Rx timing since it is for the communication between nodes and there exist propagation delay. 
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Figure 3-1. IAB scheduling option B
· Option C. TDM between gNB function and UE function
To eliminate timing dependency among backhaul links, we can consider Option C. In this option, from a node perspective, links for gNB function and links for UE function are TDMed. Backhaul link with parent node is related to UE function, and backhaul link with child node and access link are related to gNB function. To efficiently multiplex, one example of TDM between gNB function and UE function is to operate TDM between even numbered hops and odd numbered hops. Then, links are TDMed as follows.

· Time duration 1: Access/Backhaul downlink for IAB nodes with odd numbered hops
· Time duration 2: Access/Backhaul uplink for IAB nodes with odd numbered hops

· Time duration 3: Access/Backhaul downlink for IAB nodes with even numbered hops (+ access downlink of DgNB)

· Time duration 4: Access/Backhaul uplink for IAB nodes with even numbered hops (+ access downlink of DgNB)

An example of timing relationship between links are illustrated in Figure 3-2. Detailed description of this option is in [4].
In this option, time duration from the start of access downlink and the end of access uplink can compose a slot or multiple slots boundary as shown in Figure 3-2. Then, even numbered slot/multiple slots boundary or odd numbered slot/multiple slots boundary are not utilized.
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Figure 3-2. IAB scheduling option B
Between Option B and C which can be used for multi-hop scenario, Option B has more flexibility and robustness in access link regardless of backhaul link topology changes whereas Option C can offer more straightforward operation to forward data from a parent node to a child node as it can follow access link procedure. In other words, Option C can allow an IAB node to behave as if a UE when it communicates with its parent IAB node. However, in multi-hop scenario, to handle half-duplex constraints and CLI, careful coordination in resource partitioning is needed where resource adaptation affects not only backhaul link but also access links. For example, transmission of SSB may need to be fixed regardless of IAB scenario topology change which may not be so easy with Option C. 

Proposal 4: Each option for access and backhaul link timing may have pros and cons. Further identification when each option is the most effective seems necessary. Depending on the scenario, different option may be used. 
For both Option B and C, considerations on half-duplex require careful resource partitioning among IAB nodes. For example, to allow parents and children can communicate, resource partitioning based on even-hop node and odd-hop node can be considered as described in [4]. For above 6GHz scenario, it is necessary to consider multi-path scenario to minimize the impact from beam blockage. If we consider half-duplex, multi-hop and multi-path together, efficient resource partitioning can be somewhat challenging. As discussed in [4], we propose to split multi-path connected IAB topology into two sub-IAB topologies where in each sub-IAB topology, each IAB node can be either even hop or odd hop node at one time. Further details on mechanisms and required coordination are discussed in our companion contribution [4]. 
Proposal 5: Regardless of which option is selected for access/backhaul link resource sharing and timing, further considerations to address multi-path are necessary. Consider split TDM pattern by splitting IAB topology into multiple sub-topology. 

Furthermore, resource partition among multiple IAB nodes should be adapted accordingly when backhaul link topology changes. For example, if efficient resource partitioning is considered based on even/odd hop count, when a node changes its hop count, not only it affects different timing to its parent(s) but also it affects resources for its children. We discuss some mechanisms to address this issue including fallback via access link and utilizing multi-path approaches [4]. 
Proposal 6: Further considerations on handling in path switching is needed. For each option for resource partitioning mentioned in Section 2, techniques to handle dynamic topology change can be different. 

4 Discovery among NR IAB nodes
It is considered that an IAB node will be connected to a parent node via initial access procedure as if an UE. However, after connection, it is still necessary to detect new neighbor cells and perform measurements in different scenarios, for example, a new IAB node joints the system, some nodes become unavailable due to cell on/off/blockage, and forward compatibility to mobile relay scenarios, etc. Detection procedure (e.g., cell detection based on SSB detection) based on access link SSB can be somewhat challenging as this would require well coordinated SSB transmissions among IAB nodes. On the other hand, the necessity of periodic detection is not so clear as the above mentioned case may not occur so often. To balance the need and potential overhead, we propose to adopt ‘aperiodic’ discovery signal transmission and detection procedure. The detailed description is found in our companion contribution [5]. 

Proposal 7: IAB supports aperiodic detection and periodic measurement of neighbor nodes.
Detection and measurement are included in discovery procedure, but detection and measurement have different characteristics

(1) Detection

IAB node detection is to find nodes and beam direction(s) of the node. Detection can be performed aperiodically, and it is necessary to support Tx beam sweeping and repetition for Rx beam sweeping. As there is no aperiodic CSI-RS or SSB transmission for RRM in access link, to minimize the impact on access UEs, it is natural to transmit aperiodic discovery signal via backhaul link. One example is to configure N CSI-RS resources for N Tx beams where each CSI-RS resource is repeated in M times. Another example is to configure SSB in non-sync raster. 

(2) Measurement

Measurement is to follow up the channel status of the candidate backhaul links. To perform continuous measurement of candidate links, it seems desirable to perform periodic measurement. For measurement of backhaul links in worth to follow up, a subset of detected nodes and beam direction(s) per node can be measured. Therefore, each node may transmit discovery signal for measurement using a part of Tx beam directions. Considering above aspects, CSI-RS based discovery signal for IAB node measurement seems suitable. Discovery signal for measurement can be based on CSI-RS, and it can be transmitted in access link or backhaul link and further discussion is required.
Based on above discussion, it seems proper to separate discovery signal for detection and measurement at least from configuration perspective. Then, detection procedure using discovery signal for detection is triggered aperiodically and measurement procedure using discovery signal for measurement is performed periodically.

Detailed procedure for detection and measurement is described in our companion contribution [4].

Proposal 8: It is desirable to separate discovery signal for detection and measurement at least from configuration perspective. Detection signal should supports Tx and Rx beam sweeping whereas measurements may support only a selected set of Tx-Rx beam pairs. 
Proposal 9: Discovery signal for detection of different nodes are transmitted in different symbols. Each discovery signal performs Tx beam sweeping and is repeated for Rx beam sweeping.

Proposal 10: CSI-RS configurations for RRM measurement can be reused for discovery signal for measurement.

5 Link management for NR IAB

In handling of link quality, beam management, and handover, an IAB node needs some enhancements to minimize service interruption as the service interruption of an IAB node impacts not only itself but also its children and associated UEs. Particularly, this can be challenging issue in high frequency range. To provide robustness, simultaneous multi-path transmissions can be considered, yet, this will incur significant overhead. This overhead may in turn lead performance loss at UEs. In this sense, it is essential to balance system performance and robustness. To assist and minimize service interruption time, we therefore propose to consider ‘unstableness’ event/state where the state is defined as time duration which can potentially lead to a failure case (e.g., time duration between first beam failure instance to beam failure declaration, first sync out of RLM to RLF). Overall, we can take multi-path and redundant transmission during this state to enhance the robustness. As such event may not occur so often, the overhead of keeping redundant paths/transmission can be minimized. 

Further details can be found in [6]. 
Proposal 11: Define a new event/state (e.g., unstableness) which occurs before any failure occurs (e.g., beam failure or RLF). A mechanism (e.g., duplicate transmission and multi-path management) can be adopted during the new state. 
Different approaches to handle this new event can be considered. For example, it can be reported back to its parent(s) nodes including donor such that path reselection or setting up multi-path to the node can be triggered by the parent(s). It can be also considered to trigger RRC connection request to another parent to setup multi-path links by the node itself. Moreover, the event can be also informed to its children such that children can prepare to identify new parent(s) if actual failure occurs at its parent. 
Proposal 12: Upon the new event, mechanism of data duplication to the affected nodes can be considered. Informing such information to its parent(s) and child(s) are supported. The detailed procedures can be further discussed.

6 HARQ-ACK transmission for backhaul link

In our companion contribution [7], the necessity of reducing unnecessarily DL/UL switching and fragmented beams is introduced, and following approaches are considered. 
· Reduce HARQ-ACK transmission or at least multiplex multiple UL channels if possible

· Reduce UL grant overhead to schedule PUSCH

Overall, it would be desirable to consider ‘reduce unnecessarily overhead or time’ of transmission/reception, and also minimize the unused reserved resources (e.g., PUCCH, SR, etc). Though based on HARQ-ACK timing indication in DCI, HARQ-ACK transmission timing can be dynamically adapted. However, if there is a possibility that a certain set of resources (PUCCH resources) may be triggered dynamically by scheduling DCI, the child IAB node may not be able to use such resources to schedule another IAB node (it’s child node) or UEs. In this sense, among IAB nodes, it would be desirable to minimize potential UL resources or DL resources which will not be used. The more the resource is reserved but not used, the less spectral efficiency/scheduling flexibility can be achieved in IAB scenario.
To minimize such resources, we can consider the following approaches where further information can be found in [7]. 
· Multiplex UL channels as much as possible by for example combining SR and HARQ-ACK transmission and limiting HARQ-ACK resources to the configured SR resources, HARQ-ACK transmission only via piggybacking on PUSCH, etc. An example of allowing HARQ-ACK transmission only in semi-statically configured UL resource (e.g., SR resource) is illustrated in Figure 6-1. 
· HARQ-ACK polling and configured grant based PUSCH: another approach is to transmit HARQ-ACK based on semi-static request/configuration. Furthermore, to reduce UL grant to schedule PUSCH, configured grant can be used for PUSCH transmission where multiple configured grant can be also considered to support various traffic patterns

Proposal 13: To enhance scheduling flexibility and spectral efficiency, in IAB scenario, it seems necessary to consider mechanisms to minimize resources which are reserved (e.g., semi-statically configured PUCCH resource, SR resource, CORESET/SS) but not used. 
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Figure 6-1. Polled-HARQ-ACK transmission in SR resource
7 Conclusion 

In this contribution, we discuss on schemes to support and enhance NR access and backhaul links. From the discussion, we obtained following proposals.
Proposal 1: In RRM measurement, not only RSRP/RSRQP but also node type and hop count need to be considered. For RRM report triggering event, enhancements are supported such as introducing a new event based on hop count comparison and RSRP/RSRQ offset based on hop count. 
Proposal 2: For Cell selection/measurement mechanisms, maximizing of min(RSRP) among all the links from DgNB through IAB nodes to a UE should be considered. 

Proposal 3: To assist UE selection, hop count and min(RSRP/RSRQ) from a donor to an IAB node can be broadcast via RMSI in the IAB node.
Proposal 4: Each option for access and backhaul link timing may have pros and cons. Further identification when each option is the most effective seems necessary. Depending on the scenario, different option may be used. 
Proposal 5: Regardless of which option is selected for access/backhaul link resource sharing and timing, further considerations to address multi-path are necessary. Consider split TDM pattern by splitting IAB topology into multiple sub-topology. 

Proposal 6: Further considerations on handling in path switching is needed. For each option for resource partitioning mentioned in Section 2, techniques to handle dynamic topology change can be different. 

Proposal 7: IAB supports aperiodic detection and periodic measurement of neighbor nodes.
Proposal 8: It is desirable to separate discovery signal for detection and measurement at least from configuration perspective. Detection signal should supports Tx and Rx beam sweeping whereas measurements may support only a selected set of Tx-Rx beam pairs. 
Proposal 9: Discovery signal for detection of different nodes are transmitted in different symbols. Each discovery signal performs Tx beam sweeping and is repeated for Rx beam sweeping.

Proposal 10: CSI-RS configurations for RRM measurement can be reused for discovery signal for measurement.

Proposal 11: Define a new event/state (e.g., unstableness) which occurs before any failure occurs (e.g., beam failure or RLF). A mechanism (e.g., duplicate transmission and multi-path management) can be adopted during the new state. 

Proposal 12: Upon the new event, mechanism of data duplication to the affected nodes can be considered. Informing such information to its parent(s) and child(s) are supported. The detailed procedures can be further discussed.

Proposal 13: To enhance scheduling flexibility and spectral efficiency, in IAB scenario, it seems necessary to consider mechanisms to minimize resources which are reserved (e.g., semi-statically configured PUCCH resource, SR resource, CORESET/SS) but not used. 
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