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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, following agreements were made for NR IAB support [2].
	Agreements:

· The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.
Agreements:

· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.

· Two cases: (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID can be further studied. 

· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 

· The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 

· How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.

· RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.

Agreements:

· Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 

· Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied. 

Agreements:

· Measurements on multiple backhaul links for link management and route selection should be studied. 

· Mechanisms for efficient route switching or transmission/reception on multiple backhaul links simultaneously (e.g. multi-TRP operation and intra-frequency dual connectivity) should be studied.

· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 

· Mechanisms for scheduling coordination, resource allocation, and route selection across IAB nodes/donors and multiple backhaul hops should be studied.

· Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.

· The impact of cross-link interference on access and backhaul links (including across multiple hops) should be studied.

· Interference measurement and management solutions should be studied. 
· 1024QAM for the backhaul link should be studied. 

· FFS: whether solutions should be specified as part of an IAB WI or other NR WI


In this contribution, we discuss on issues to support NR backhaul links based on above study item objectives and agreements.
2 Main components for backhaul link communication

It is generally targeted that access link designs are reused for backhaul links. For each components, we briefly present our views. 

· Frame structure: different numerology of backhaul link compared to access link is supported in inband relay. 
· Bandwidth part: we do not see a strong reason to support dynamic bandwidth part adaptation in backhaul design. When FDM is performed, semi-static configuration of backhaul link can be considered, which can be done by basic BWP operation. 

· Beam management: it can be simplified or not supported assuming fixed relay

· Scheduling: between donor and relay node, access network scheduling can be mostly reused. In case of multiple connections are considered among backhaul links, potential enhancements to support multi-beam or dual connectivity could be necessary. 

· SUL operation: for inband relay operation on a band including SUL band, backhaul link can also utilize SUL band. 

· Semi-static/dynamic SFI: slot formation indication on backhaul link is also necessary to coordinate resources among donor and relay nodes. At least semi-static SFI is supported where dynamic SFI is FFS. To allow efficient resource sharing between access and backhaul, further enhancements on SFI seems necessary as discussed in below. 

· Carrier aggregation: we are open for further discussion on this aspects. One thing we can consider is to use different frequency for downlink and uplink relay. 

· Non-slot scheduling: with high bandwidth in particular in above 6GHz, it is more beneficial to allow non-slot scheduling. 

Proposal 1: we propose the followings

· It is supported that access and backhaul use different numerology. 

· Dynamic BWP switching in backhaul link is not supported

· Enhancements on scheduling in consideration of multi-beam or dual connectivity can be further considered. 

· At least semi-static SFI is supported for backhaul link.

· Non-slot scheduling is supported in backhaul link.
3 Initial access
3.1 Initial access of UE

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. In the last meeting, it was agreed that both of (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID can be further studied [2]. The benefits of first approach can include 

· UE mobility is handled jointly between donor and relay node, and thus handover can be reduced

· Coordinated transmission/mechanism between donor and relay node (e.g., DPS, coordinated blanking) can enhance UE performance

In both cases, we think dynamic point selection can be considered. From an advanced UE perspective, both donor and relay node may be viable for connection. To achieve better reliability and service availability, it can be considered to maintain multiple connections similar to intra-frequency dual connectivity. It is however noted that we consider data and the associated control are transmitted from the same node. In other words, supporting control is transmitted by one node whereas data is transmitted by the other node may not be considered as high priority with non-idea backhaul in IAB scenarios. Furthermore, coordinated muting to enhance performance of each node can be considered between donor and relay nodes. 
Proposal 2: Dynamic point selection and coordinated muting are further studied for both cases of same or different cell IDs between donor and relay nodes. Intra-frequency dual connectivity can be considered between donor and relay node with different cell IDs. 
Next, we also need to consider impact on legacy UEs, and also determine whether relay and donor nodes are selected equally or unequally. As a relay node introduces backhaul latency in terms of data transmission, a UE associated with a RN may have performance degradation due to the increased latency. Particularly, for legacy UEs, it may be necessary to consider a barring mechanism if relay node does not support legacy UEs. To differentiate donor and relay node, we can consider a few mechanisms. 

· (a) Donor and relay node are differentiated by SSB and/or RMSI such that an advanced UE can differentiate between donor and relay node. Based on the information, it may apply penalty on relay node (i.e., if donor and relay show similar quality, donor is selected with higher priority) by applying an offset in RSRQ/RSRP at cell (re)selection. The offset can be also indicated by RMSI. To differentiate between donor and relay nodes, SSB with RMSI of donor is transmitted only on sync raster whereas SSB with RMSI of relay is transmitted on non-sync raster. Advanced UE may search additional relay nodes in non-sync raster as well. This however increase advanced UE’s complexity. Another approach is to indicate node type in RMSI or use different scrambling in SSB. 
·  (b) Donor and relay node are not differentiated by SSB and/or RMSI. Relay and donor may use the same initial access procedure. To minimize impact on UEs by selecting relay over donor when RSRQ/RSRP levels are comparable, we can consider relay node uses smaller power in SSB transmission compared to power used in data such that coverage of SSB may be smaller than data. Indication of the power difference between SSB and control/data can compensate the power difference.
Similarly, in case of multi-hop relay, it could be considerable to apply more penalty in terms of RSRP/RSRQ as the number of hops increase.  
Proposal 3: Cell selection/measurement mechanisms on unequal priority between donor and relay nodes need to be further studied. The number of hops need to be also taken into account.
Related to initial access in IAB, it is common sense that the minimum link quality among all the links from DgNB to UE via relay nodes determines the end to end quality. Although an UE selects the node which has the best RSRP, if even one of link prior to the relay node which the UE selects has the severely worse link quality, whole performance cannot be guaranteed. 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.
Proposal 4: For the initial access, min(RSRP) from DgNB to UE can be considered.
3.2 Initial access of RN
In the last meeting, it was agreed that an IAB-node can follow the same initial access procedure as an access UE [2]. Then, when there are access link for UE and backhaul link for RN, there can be a question that where is the initial access for RN proceed. In other words, it means that whether UE and RN share the same channel/signal resource for initial access or not.
Initial access of UE and RN can be performed through the same resource (i.e., RN initial access via access link in Figure 1.(a)) or separated resource (i.e., RN initial access via backhaul link in Figure 1.(d)). Or, from SI acquisition or random access, initial access resource can be switched to backhaul link from access link (Figure 1.(b) and (c)).
We need to discuss this issue for RN initial access. Then depending on the result, the resource/contents of channels/signals for initial access may be changed.
Proposal 5: Study resource/contents of channels/signals for initial access procedure of IAB-node.
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Figure 1. Examples of initial access procedure of RN in access and backhaul link

4 Tx/Rx timing of access and backhaul link
Figure 2 illustrates an example of NR IAB nodes and access/backhaul links composition. Without coordination/scheduling among these links, data transmission among nodes may not be performed smoothly. In this section, we discuss the necessity and considerations of scheduling/coordination among backhaul/access links, and suggest the proper directions for backhaul/access links scheduling. 
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Figure 2. An example of access and backhaul link composition
4.1 Considerations
As illustrated in Figure 2, there are four types of links; backhaul uplink, backhaul downlink, access uplink, and access downlink. For scheduling/coordination of these links, several aspects can be considered.

· DL/UL alignment between parent node and child node and symbol boundary alignment

For a half-duplex RN, it can only transmit or receive signal from other RN(s) and/or UE(s) on one time, and other RN(s) can be parent RN or child RN. In order to schedule resources efficiently, it is better to align links among parent node and child nodes. For instance, in Figure 2, if downlink data is transmitted from DgNB(a) to RN(b) while RN(b) transmits downlink data to RN(c), RN(b) cannot receive downlink data from DgNB(a) since a device cannot perform transmission and reception simultaneously. Therefore, the directions among links connected to a node needs to be aligned. According to this principle, if RN(b) is receiving signal from DgNB(a), RN(c) and UE2 only can transmit signal to RN(b). At this time, RN(c) can only perform transmission to UE3. In contrary, if RN(b) is transmitting uplink signal to DgNB(a), it also can transmit downlink signal to RN(c) and UE2 and RN(c) can only perform reception from UE3 and RN(d).
When multiple links are processed simultaneously in RN side, symbol boundary should be treated carefully, or there will be significant deterioration on performance. Let’s assume that access links of different nodes have the same Tx/Rx timing. In this case, as shown in Figure 3, DgNB can set backhaul link Tx/Rx timing equal to access link timing. However, in RN1 side, it receives DL signal from DgNB with delayed timing and transmits UL signal to DgNB with configured TA value. In this case, symbol alignment is hard to handle in RN1 side and that will cause interference on both access link and backhaul link. Even if access link can be scheduled flexibly, the problem also can be exist so that needs network to schedule/coordinate among backhaul/access links properly. 
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Figure 3. Example of Tx/Rx timing in each node for different links
Proposal 6: D/U alignment between parent node and child node can be considered and symbol boundary among simultaneous Tx/Rx links should be aligned in one node.
· CLI for UE (D/U alignment among access links)
Even if link directions are aligned for a node, cross link interference (CLI) can be occurred. Let’s consider a case that a node receives backhaul downlink signal from a parent node and receives backhaul uplink signal from a child relay node or access uplink signal at once. In this case, scheduling node of two links are different so it would be difficult to coordinate resources in advance, therefore, resources for signal transmission of two links can be overlapped. For example, in Figure 2, RN(b) receives the DL signal from DgNB(a) which is scheduled by DgNB(a), and RN(b) also receives UL signal from UE2 and RN(c) which is scheduled by itself. If RN(b) did not receive scheduling signal from DgNB(a) correctly, then it is hard to schedule resource to RN(c) and UE2, even it schedules resource to RN(c) and UE2, CLI would happen with high probability. 
Another case about CLI is shown as Figure 4, when different UEs access the network from different RNs and/or DgNB, they may be configured with different directions on access link on the same time, e.g., UE1 is configured with access downlink from DgNB and UE2 is configured with access uplink from RN1 at the same time. If the distance between UE1 and UE2 is not long enough, then UE2’s transmission is a significant interference for UE1. 
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Figure 4. An example of signal transmission
Proposal 7: It should be further studied that resource coordination to minimize cross-link interference in IAB scenario. 
· Independent access link timing on backhaul link switching

In IAB scenario, a UE should have independent access link timing from backhaul timing, that mean switching between different backhaul links should not affect access link timing in UE side, otherwise the UE need to do the synchronization process every time when backhaul link timing is changed, it is not efficient for both RN and UE. Figure 5 shows the example of switching in the multi-hop backhaul links, UE2 accesses the network through RN3, and RN3 will receive information from DgNB through a path including BH1 and BH3, or another path including BH2 and BH4. When the path is changed for RN3, the timing for scheduled resource in backhaul link may be changed, but access link for UE2 should not be changed to minimize unnecessary hand-over or minimize additional process in both RN3 and UE2 side. Considering backhaul link paths can be changed depending on resource availability, and channel conditions, it is desirable that access link is not affected by backhaul link path changes as long as the serving node is not changed. 
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Figure 5. An example of signal transmission for multi-hop case
Proposal 8: In determining timing for backhaul and access links, it is necessary to consider potential impacts of dynamic path change in backhaul link on access link performance. It seems desirable that timing of access link is not changed even if backhaul link path may change.  

4.2 Access and backhaul link timing
Based on above considerations, we introduce three scheduling options for NR IAB. 
· Option A. Simultaneous transmission of access and backhaul link
At first, we considered a method to utilize access link and backhaul link simultaneously, and the result is provided in this option. From a node perspective, since it cannot perform transmission and reception at once, direction of links connected to the node should be aligned. Therefore, to make all links work without time division, link direction needs to be coordinated as shown in Figure 6.(a). In this option, links for the same hop count have the same link direction, and the direction is reversed for nodes in the next hop count. 
An example of Tx/Rx timing relationship among links and slot format for each link reflecting propagation delay is depicted in Figure 6.(b), where P_xy means the propagation delay between node(x) and node(y). 
In case of RN(b), BH_ab DL is arrived with P_ab propagation delay compared to DgNB(a) Tx timing, and BH_ab UL should be transmitted P_ab in advance than DgNB(a) Rx timing. Since the value of propagation delay P_ab may not be a multiple of symbol length, timing gap between DL and UL duration would be required. Then, UL for AC_b and BH_bc can be performed during RN(b) receives BH_ab DL, and AC_b and DL for BH_bc can be performed during RN(b) transmits BH_ab UL. At this time, symbol boundary among these three links needs to be aligned.

In this case, slot boundary (or boundary of multiple slots) can be defined as shown in Figure 6.(b). The slot boundary starts at the starting point of Tx (DL of access link and backhaul link with child node) slot boundary, and ends at another starting point of Tx. Then, slot boundary are not aligned among nodes, and transmission timing of SSB on access link also not be aligned. This slot boundary is just one possible example, so other structure also can be considered.
This option 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. Then, it influences to access link timing of the RN, and synchronization between UEs and the RN could not be maintained. This option also has CLI issue for a UE. If adjacent two UEs are connected to different RNs, access link direction can be different between two UEs and they can interfere to each other as discussed in prior section. 
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Figure 6. IAB scheduling option A
· Option B. TDM between access and backhaul link
Another scheduling option is TDM of access and backhaul link. In this option, from a node perspective, scheduling among links can be composed of four steps as illustrated in Figure 7.(a). 
· Step 1: DL of access link

· Step 2: UL of access link

· Step 3: Tx of backhaul link (or Rx of backhaul link)
· Step 4: Rx of backhaul link (or Tx of backhaul link)
If this option is applied, link direction of all access links are aligned since backhaul links are not used during access links are used. However, backhaul link direction depends on the hop count.
Figure 7.(b) shows an example of Tx/Rx timing relationship between links and slot format for each link of this option. In this example, all access links are synchronized absolutely, so all nodes have the same Tx/Rx timing for access link. However, backhaul links cannot have the same Tx/Rx timing since it is for the communication between nodes and there exist propagation delay. Similar to Option A, timing gap between backhaul link DL and UL would be necessary, since symbol boundary for backhaul link Rx and Tx are cannot be aligned. In addition, symbol boundary of access and backhaul link also not be aligned. Therefore, when a node switches access and backhaul link, timing gap to adjust symbol boundary would be required. 
If this option is used, nodes can have the same slot boundary (or boundary of multiple slots) at least for access link, and nodes can transmit SSB at the same timing. In case of backhaul link, slot boundary can be aligned to access link or not, and further discussion would be required.
In this option, access links are synchronized to an absolute timing. So, even if backhaul link route between DgNB and RN is changed, access link timing can be maintained. Also, since link direction for all access links are aligned and access and backhaul links are TDMed, a UE is not interfered by other access links or backhaul links.
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Figure 7. IAB scheduling option B
· Option C. TDM between gNB function and UE function
To eliminate timing dependency among links, we can consider Option C. In this option, from a node perspective, links for gNB function and links for UE function are TDMed. A node has two functions which are gNB function and UE function. gNB function is to support and communicate with UEs and child nodes, and UE function is to connect and communicate with parent node. Therefore, backhaul link with parent node is related to UE function, and backhaul link with child node and access link are related to gNB function. TDM between gNB function and UE function means TDM between even numbered hops and odd numbered hops in other words, and scheduling in this option also be composed of four steps, and these are depicted in Figure 8.(a). 
· Step 1: DL of access/backhaul link for odd numbered hops
· Step 2: UL of access/backhaul link for odd numbered hops

· Step 3: DL of access/backhaul link for even numbered hops (+ DL of access link of DgNB)

· Step 4: UL of access/backhaul link for even numbered hops (+ DL of access link of DgNB)

The main purpose of this option is to make independent Tx/Rx timing among links. In terms of DgNB, it does not have backhaul link with parent node. Therefore, during time duration for UE function, access link of DgNB can be utilized since it does not need to care about backhaul link timing.

An detailed example of timing relationship between links are illustrated in Figure 8.(b). Since a RN does not Tx/Rx backhaul link with parent node and child node simultaneously, those two links do not need to be correlated. Therefore, all nodes can have the same Tx timing of DL and Rx timing of UL, and it results the simple scheduling/coordination structure.
In this option, as shown in Figure 8.(b), nodes can have the same slot boundary (or boundary of multiple slots). However, since access link timing can be different among nodes, SSB transmission timing also can be different. 
Similar to Option (B), access link timing is not changed, even if backhaul link route between DgNB and RN is changed. In addition, CLI issue for a UE does not happened.

[image: image13.emf]DgNB(a)

RN (e) RN(b) UE1

RN(c) UE2

UE3

UE5

DgNB(a)

RN (e) RN(b) UE1

RN(c) UE2 UE5

DgNB(a)

RN (e) RN(b) UE1

RN(c) UE2 UE5

DgNB(a)

RN (e) RN(b) UE1

RN(c) UE2 UE5

RN(d) UE3 RN(d) UE3 RN(d) UE3 RN(d)

UE4 UE4 UE4 UE4

Step 1 Step 2 Step 3 Step 4


(a)
[image: image14.emf]DgNB (a)

RN (b)

RN (c)

AC_b DL

BH_bc DL

BH_ab DL

BH_ab DL BH_ab UL

AC_a DL AC_a UL

BH_ab UL

AC_a DL AC_a UL

BH_bc UL

AC_b UL

BH_bc DL BH_bc UL

BH_cd DL BH_cd UL

AC_c DL AC_c UL

D U X

D U X

D U X

D U

D U X

D U

P_ab P_ab

RN (d)

BH_cd DL BH_cd UL

P_bc P_bc

AC_d DL AC_d UL

P_cd P_cd

BH_ab DL

BH_ab DL BH_ab UL

AC_a DL AC_a UL

BH_ab UL

BH_cd DL BH_cd UL

AC_c DL AC_c UL

D U X

D U

D U X

P_ab P_ab

BH_cd DL BH_cd UL

P_cd P_cd

D U

D U X

D U

Slot (or multiple slots) Slot (or multiple slots) Slot (or multiple slots)

Slot (or multiple slots) Slot (or multiple slots) Slot (or multiple slots)

Slot (or multiple slots) Slot (or multiple slots) Slot (or multiple slots)

Slot (or multiple slots) Slot (or multiple slots) Slot (or multiple slots)


(b)
Figure 8. IAB scheduling option C
In this section, three options for scheduling among links in IAB environment are provided. Option (a) gives resource utilization flexibility but shows several limits and complex structure. On the other hand, Option (b) and (c) can solve some drawbacks of Option (a) but have lower resource utilization flexibility. 
Proposal 9: Consider Option (a), (b) and (c) in Section 4.2 for scheduling IAB links.
5 Conclusion 

In this contribution, we discussed on possible issues to support NR backhaul links and obtained following proposals.
Proposal 1: we propose the followings

· It is supported that access and backhaul use different numerology. 

· Dynamic BWP switching in backhaul link is not supported

· Enhancements on scheduling in consideration of multi-beam or dual connectivity can be further considered. 

· At least semi-static SFI is supported for backhaul link.

· Non-slot scheduling is supported in backhaul link.
Proposal 2: Dynamic point selection and coordinated muting are further studied for both cases of same or different cell IDs between donor and relay nodes. Intra-frequency dual connectivity can be considered between donor and relay node with different cell IDs. 
Proposal 3: Cell selection/measurement mechanisms on unequal priority between donor and relay nodes need to be further studied. The number of hops need to be also taken into account.

Proposal 4: For the initial access, min(RSRP) from DgNB to UE can be considered.

Proposal 5: Study resource/contents of channels/signals for initial access procedure of IAB-node.
Proposal 6: D/U alignment between parent node and child node can be considered and symbol boundary among simultaneous Tx/Rx links should be aligned in one node.
Proposal 7: It should be further studied that resource coordination to minimize cross-link interference in IAB scenario. 

Proposal 8: In determining timing for backhaul and access links, it is necessary to consider potential impacts of dynamic path change in backhaul link on access link performance. It seems desirable that timing of access link is not changed even if backhaul link path may change.
Proposal 9: Consider Option (a), (b) and (c) in Section 4.2 for scheduling IAB links.
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