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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 RAN2 Ad-hoc meeting held on January, 2018, discussion on IAB study item was started and following agreements were made.
	Agreements

1: 
The Rel.15 study item focuses on IAB with physically fixed relays. Optimization for mobile relays in future releases is not precluded

2
Common architecture supports both in-band and out-of-band IAB scenarios. 

2i
In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported (This agreement does not exclude full duplex from being studied by RAN1)

2ii
Out-of-band IAB scenarios are also supported using the same set of RAN features designed for in-band scenarios.  Study whether additional RAN features are needed for out-of-band scenarios

3
NR access over NR backhaul is studied with highest priority 

3i
Identify the additional architecture solutions required for LTE access over NR backhaul

3ii
The IAB design shall at least support the following UEs to connect to a node which is backhauled using IAB:


1/
Rel. 15 NR UE


2/
Legacy LTE UE if IAB supports backhauling of LTE access

4i
SA and NSA on the access link will be supported (For NSA on the access the relay is applied to the NR SCG path only)

4ii
Both NSA and SA for the backhaul links will be studied. (For both SA and NSA backhaul, we will not study backhaul traffic over the LTE radio interface). 

4iii
For both 4i and 4ii the priority within the NSA options will be to consider the EN-DC case but this does not preclude study for other NSA options.

4iv
Further study of the possible combinations of SA and NSA access and backhaul is needed to fully determine the scope of what will be studied.


	Agreements

1: IAB design shall support multiple backhaul hops


-
The architecture should not impose limits on the number of backhaul hops.


-
The study should consider scalability to hop-count an important KPI.


-
Single hop is considered a special case of multiple backhaul hops.

2: Topology adaptation for physically fixed relays is supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links

3: L2 and L3 relay architectures will be studied. Definitions of L2- and L3-relaying in the context of IAB is FFS

4: The IAB design should minimize the impact to core network specifications

5: The study should consider the impact to the core network signalling load as an important KPI

6: Strive to maximize reuse of Rel-15 NR specifications for the design of the backhaul link. Enhancement can also be considered.


In this contribution, we discuss on issues to support NR backhaul links based on above study item objectives and RAN2 agreements.
2 NR backhaul link
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Figure 1. NR backhaul links and access links
Legacy New RAT is designed to support half-duplex devices. Also, there is a RAN2 agreement that In-band IAB scenarios subject to half-duplex constraint at the IAB node are supported [2]. We also thinks half-duplex in IAB scenario deserves to be supported and targeted. In addition, IAB devices with full duplex also can be studied.
Proposal 1: In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported.
In IAB scenario, if each relay node (RN) doesn’t have scheduling ability, a Donor gNB (DgNB) should schedules the entire links among the DgNB, associated relay nodes, and UEs. In other words, a DgNB should make scheduling decisions for all links by gathers traffic information from the entire associated relay nodes, then inform the scheduling information to each relay node. For example, backhaul and access links can be composed as Figure 1. In this case, DgNB not only receive scheduling request of UE1, but also receive scheduling request of UE2 and UE3. Then, it makes scheduling decision of two backhaul links and three access links, and inform the scheduling results. Therefore, this centralized scheduling would involve scheduling delay and cause latency issue. 
On the other hand, distributed scheduling can be made if each relay node has scheduling ability. Then, immediate scheduling can be made for uplink scheduling request of UE, and backhaul/access links can be utilized more flexibly by reflecting the surrounding traffic situation. Regardless of relay architecture, it seems natural to assume that each relay node is able to make its own scheduling decision. 
Proposal 2: It is assumed that each relay node makes independent scheduling decision in IAB scenarios.
In following sections, we discuss a few issues related to support IAB scenarios.

3 Initial access
In terms of initial access procedure in IAB, two aspects need to be considered: (1) how to minimize impact on legacy NR UEs (2) how to enhance initial access for advanced UEs. In general, two mechanisms of cell management can be considered in IAB: (1) Donor node and relay node share the same cell ID and behave as if a single cell where the UE may not be able to differentiate donor node and relay node. (2) Donor node and relay node maintain different cell IDs and maintain mobility independently. 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

So, we propose that both cases are considered for IAB scenarios. 

Proposal 3: Two cases (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID are further studied. 
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 4: 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. 
(1) Donor and relay node are differentiated by SSB and/or RMSI such that a UE may apply penalty on relay node (i.e., if donor and relay show similar quality, donor is selected with higher priority)

A. This mechanism would not work for legacy UEs

(2) Donor and relay node are differentiated by SSB and/or RMSI. Relay node may transmit SSB with lower power compared to power used for other data/control transmission. With this mechanism, RSRP/RSRQ on relay node can be generally lower than that of donor node. For advanced UEs, RSRP/RSRQ on relay node can have a bias such that better quality relay can be selected.  
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 5: 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.  

4 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 6: 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.
5 Scheduling and coordination among backhaul/access links

In this section, we discuss the necessity of scheduling/coordination among backhaul/access links and suggest the proper directions for backhaul/access links scheduling.
As illustrated in Figure 1, there are four types of links; backhaul uplink, backhaul downlink, access uplink, and access downlink. If these links are used without restriction, data transmission among nodes would not be performed smoothly.
For instance, if downlink data is transmitted from DgNB to RN1 while RN1 transmits downlink data to RN2, RN1 cannot receive downlink data from DgNB 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 RN1 is receiving signal from DgNB, RN2 and UE2 only can transmit signal to RN1. At this time, RN2 can only perform transmission to UE3. This example is illustrated in Figure 2. (a). In contrary, as shown in Figure 2. (b), if RN1 is transmitting uplink signal to DgNB, it also can transmit downlink signal to RN2 and UE2 and RN2 can only perform reception from UE3.
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 and receives backhaul uplink signal 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, RN1 may not be able to correctly receive downlink data from DgNB and uplink data from RN2/UE2 simultaneously. 
As discussed, link direction and transmission timing needs to be scheduled and coordinated among backhaul and access links in IAB scenario in consideration of (1) D/U alignment between donors and relay nodes in consideration of half-duplex capability, (2) resource coordination to minimize cross-link interference, and (3) resource sharing between backhaul and access links. 
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Figure 2. Examples of possible link directions
Proposal 7: Coordination of DL/UL timing among backhaul/access links needs to consider (1) D/U alignment between donors and relay nodes in consideration of half-duplex capability, (2) resource coordination to minimize cross-link interference, and (3) resource sharing between backhaul and access links.
5.1 Slot format for access and backhaul links
In New RAT, semi-statically configured slot format can be used to determine downlink and uplink timing. Flexible region is also defined in slot format which is possibly utilized for uplink or downlink by dynamic indication. For resource coordination, we can first consider semi-static resource coordination among multiple links based on semi-static SFI on access and backhaul links. 

In this paper, we made following definitions for convenience;

· Node A backhaul link: backhaul link which is scheduled by Node A

· Node A access link: access link which is scheduled by Node A

According the definitions, in Figure 1, backhaul link between DgNB and RN1 becomes DgNB backhaul link backhaul link between RN1 and RN2 becomes RN1 backhaul link.

Then, for a relay node perspective, the following considerations are necessary to determine slot format. 
(1) If relay node access link is downlink, relay node backhaul link backhaul link can be downlink (D) or not used (N).
(2) If relay node access link is uplink, relay node backhaul link can be uplink (U) or not used (N).
(3) If relay node access link is flexible, the resource can be allocated as downlink or uplink resource for relay node backhaul link. 

(4) In donor backhaul uplink is downlink, relay node backhaul link can be uplink and vice versa. 
If backhaul and access link scheduled by the same node use the same slot format, as shown in Figure 3, DgNB access link and DgNB backhaul link can be same as downlink, and, RN1 access link becomes uplink. Then, since RN1 receives downlink signal while UE2 transmits uplink signal, there can be cross-link interference between RN1 and RN2. With this mechanism, it becomes challenging to mitigate cross-link interference, so it should be considered that different slot format is used between access and backhaul. It means, backhaul link and access link needs to be TDMed
Furthermore, to allow communication between donor and relay, backhaul SFI needs to be different per each node/hop. 
[image: image3.emf]DgNB

RN1

UE1

UE2

CLI


Figure 3. An example of CLI between UEs
Proposal 8: It seems desirable to TDM access link and backhaul link transmission.
Proposal 9: It seems desirable that a donor node backhaul link and a relay node backhaul link have different slot format.
Considering these aspects, an example of SFI determination in backhaul link can be as follows and illustrated in Figure 4.
(1) Donor node access link and relay node access link have the same slot format.

(2) Backhaul link and access link are TDMed.
(3) Donor node backhaul link and relay node backhaul link have opposite direction. (e.g., U-D for donor node and D-U for relay node)
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Figure 4. An example of slot format for backhaul and access links
When semi-static SFI is coordinated for access and backhaul, it is necessary to utilize unused backhaul links to access links. 
6 Tx/Rx switching gap 
In New RAT, relays need to be designed to minimize the interference to UEs and maximize the performance for UEs. When relay node forwarding information for UE or DgNB, to make sure the other links are not influenced, the switching gap should be considered on relay side. When relay node is set far from DgNB, then the TA may different from other UEs (e.g., UE1 in Figure 5.) because of the long propagation delay. In other words, switching gap and TA in relay side should be considered in the same time.  
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Figure 5. Example for different links between different nodes
About configuring SFI for UEs and relays, DgNB may configure same or different SFIs for different kinds of nodes. For all cases, it should be considered to eliminate the interference between different links. Figure 6 shows the different cases when UE and relay are configured with different/same slot format. First one is the case that different SFIs are configured to UE and relay, DgNB can configure similar but with more reserved resource to relay, so that relay node can have enough time to make process and switch for next link. Second one the case that same SFI is configured to UE and relay, DgNB will not schedule DL data around the reserved symbol and indicate relay to use the reserved resource for uplink, then relay will switch earlier based on the indication.

Proposal 10: In New RAT, it should be further studied to manage switching gap and TA in Relay side for different links. And under different switching gap and TA settings, relay procedure should be further studied. 
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Figure 6. Transmission states with various slot format
7 Conclusion 

In this contribution, we discussed on we discussed on possible issues to support NR backhaul links and obtained following proposals.
Proposal 1: In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported.
Proposal 2: It is assumed that each relay node makes independent scheduling decision in IAB scenarios.
Proposal 3: Two cases (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID are further studied. 

Proposal 4: 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 5: 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 6: 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 7: Coordination of DL/UL timing among backhaul/access links needs to consider (1) D/U alignment between donors and relay nodes in consideration of half-duplex capability, (2) resource coordination to minimize cross-link interference, and (3) resource sharing between backhaul and access links.
Proposal 8: It seems desirable to TDM access link and backhaul link transmission.

Proposal 9: It seems desirable that a donor node backhaul link and a relay node backhaul link have different slot format.
Proposal 10: In New RAT, it should be further studied to manage switching gap and TA in Relay side for different links. And under different switching gap and TA settings, relay procedure should be further studied. 
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