Page 7
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 #96bis
R1-1904205 
Xi’an, China, 8th – 12th April, 2019
Agenda Item:
7.2.3.3
Source: 
LG Electronics

Title: 
Discussions on resource multiplexing among backhaul and access links 
Document for:
Discussion and decision
1 Introduction

In the last meeting, following agreements were made regarding on resource multiplexing among backhaul and access links. [1]
	Agreements:

· If a resource is configured as not available, the DU cannot assume it can use the resource 

· In case of hard DU resources, the DU can assume it can use the resource regardless of the MT’s configuration 

· FFS: Exception cases for specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH) 

· In case of soft DU resources: 

· If the soft resource is indicated as available, the DU can assume it can use the resource

· If the soft resource is not indicated as available, the DU cannot assume it can use the resource 

· The use of soft resources at least corresponds to transmission/reception of specific signals and channels (e.g. PDSCH/PUSCH) at the DU 

· FFS the use of soft resources in case of cell-specific (e.g. SS/PBCH blocks, SI reception, RACH) signals and channels to be potentially transmitted/received at the DU

· Both implicit and explicit indication of the availability of soft resources at an IAB node is supported 

· In case of implicit indication of DU soft-resource availability, the IAB node knows that the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration and scheduling based on indirect means. Examples of such means may include:

· the lack of uplink scheduling grant at the MT

· no data available for MT transmission

· the configured MT search space, 

· configured RS measurement occasions (e.g. SSB/CSI-RS)

· FFS: consider whether the parent should be able to always be aware of/control the outcome of implicit indications at child nodes

· Explicit indication that a resource is available is based on DCI indication. The following options can be considered:

· SFI-like indication via DCI Format 2_0 

· Use of 2 SFI indications (e.g. based on multi-slot scheduling mechanism)

· Define a new DCI format

· Other options are not precluded

· FFS: whether an explicit indication that a resource is available always has priority over any implicit determination of the availability of a resource

· Further consider factors impacting the usage of soft resources at a child DU, including:

· MT’s decoding delay

· Information exchange delay between MT and DU

· DU’s PDSCH preparation time

· UE PUSCH preparation time

· Accumulated delay across hops

Agreements:

· Inter-IAB node conflict resolution can be supported by the following options (to be down-selected) 
· Alt1: the parent node is aware of all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs, 

· Alt2: the parent node may be made aware of a subset of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs

· FFS: whether the indication of the child DU resources at the parent is via explicit (e.g. F1-AP signaling) or implicit (e.g. based on child MT configuration) means

Agreements:

· Both slot and symbol-level multiplexing of access and backhaul links are supported.


In this contribution, we provide our view on IAB node multiplexing based on above agreements.
2 DU and MT configuration
2.1 DU configuration
For DU configuration, child link direction (DL/UL/F) and child link availability (Hard/Soft/NA) of time resource are configured. In a DU perspective, child link direction to multiple child nodes and access UEs should be aligned, so one configuration can be applied for all child links commonly. Link availability configuration indicates time resource can be utilized for DU operation, so the configuration can be DU-specific. Therefore, there can be one DU configuration for a DU. 
Even if DU configuration is common for all child links in a DU perspective, it does not mean that usable resource for each child MT are the same. A DU can determine available time resource for communication with a child node using MT configuration and DU configuration of the child node.

Proposal 1: One DU configuration is configured to a DU and it is applied to all child links.
In current NR system, slot format of access link follows the order of DL-F-UL. It seems natural to applying the similar rule for DU configuration, considering that an IAB node also support legacy NR UEs and backhaul link would be based on the current access link operation. Then, legacy semi-static SFI configuration can be reused to indicate DU link direction. In case of link availability configuration (Hard/Soft/NA), it should target flexible allocation of Hard/Soft/NA resource.

Proposal 2: Configuration of DU link direction (DL/UL/F) can be based on legacy semi-static SFI configuration.
Proposal 3: It seems desirable to minimize restriction on the location of DU Hard/Soft/NA resource.

2.2 MT configuration
It was agreed that MT configuration is based on SFI configuration for access link for both of semi-static and dynamic. In this case, one point that needs to be clarified is the relationship between slot format configuration by SI for access UEs and MT configuration by SI for child nodes needs. For instance, slot format configuration by SI for access UEs also can be applied to MT configuration, or they can be configured independently.

Proposal 4: Discuss whether slot format configuration by SI for access UEs also can be applied to MT configuration or not.
For flexible resource configured by semi-static MT configuration for IAB node and SFI configuration for access UE, parent node can determine and indicate link direction dynamically by L1-signaling. In the parent node perspective, the link direction determination for the flexible resource should be based on its DU configuration. For example, a parent link resource can be configured to flexible by MT configuration. Then, in a parent node perspective, if the resource is configured to downlink by DU configuration, the flexible resource cannot be configured to uplink by dynamic MT configuration. It means that configurable link direction for MT flexible resource is restricted by DU configuration of its parent node. Table 1 shows configurable link direction for flexible resource based on DU configuration. 

A parent node can configure the link direction for flexible resource implicitly by DL/UL grant. In this case, similarly to the above, the determined link direction should be aligned to its DL configuration.

Table 1. Configurable link direction for flexible resource by dynamic L1-signaling

	DU configuration
	Configurable link direction to child node/access UE

	DL
	DL, F

	UL
	UL, F

	F
	DL, UL, F

	NA
	DL, UL, F


Proposal 5: When a node configures link direction dynamically for its child node or access UE, it should not be violated its DU configuration.
3 DU soft resource handling

3.1 Default assumption for soft resource
The availability of soft resource can be configured dynamically by L1-based explicit signaling. In an IAB node perspective, since it may not be able to apply the configuration for soft resource directly after receiving the L1 signaling, some minimum timing gap would be required between reception timing and applying timing of the configuration. 

Then, let’s assume that an IAB node is configured its MT configuration and DU configuration as shown in Figure 1.(a), and the availability of DU soft resource is not determined yet in slot n. It also can be assumed that the node monitors PDCCH in downlink symbols which is configured to NA by DU configuration. Then, L1-signaling for the availability indication of soft resource can be received within these symbols and the configuration can be applied from the next slot as an example.

However, if MT operation is allowed not only in NA resource but also soft resource without IA/INA indication, the IAB node can have more opportunities to monitor PDCCH from its parent node. Then, as depicted in Figure 1.(b), the node can receive L1-signaling for the available resource configuration in symbol #4 or #5 in slot n, and the indication can be applied in the next slot. 

If MT operation is not allowed in soft resource without IA/INA indication, it would cause significant problem when DU configuration for an IAB node does not have NA resource. In this case, since the node cannot monitor PDCCH anywhere, it cannot receive L1-signling for the available resource configuration for its DU soft resource. As a result, the node cannot communicate with its parent node anymore. Therefore, to prevent this issue, MT operation in DU soft resource without IA/INA indication seems necessary at least for PDCCH monitoring as shown in Figure 1.(c). 

Considering above aspect, we propose that default assumption for the DU soft resource is INA and the location of IA resource in configured by the explicit L1-sigaling at least for PDCCH monitoring resource.

Proposal 6: If the availability is not configured for a DU soft resource, the DU cannot assume it can use the resource.
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(c)

Figure 1. Examples of L1-signaling transmission for the availability indication of soft resources
3.2 IA request for soft resource

The availability for DU soft resource is indicated by a parent node. When a parent node determines its child node requires more resources for MT operation, it can indicate more DU soft resources to INA. On the other hand, if the parent node thinks that its child node requires many resources for DU operation, it can makes more DU soft resources to IA. The soft resource availability is controlled by its parent node, not itself. Therefore, even if an IAB node wants to use more soft resource for DU operation (or MT operation), it cannot control it. The problem is that its parent node does not know the needs, so it cannot configure soft resource availability properly. For example, when an IAB node receives scheduling request from its child node, it would be desirable to allocate more resources for DU operation and complete uplink data reception quickly from its child node. However, since its parent node cannot know the node requires more DU resources, it cannot allocate DU soft resource appropriately. Therefore, for efficient soft resource management, we propose that an IAB node can request to make DU soft resource to be available to its parent node.
Proposal 7: It is considerable that an IAB node request its DU soft resource availability to its parent node.
4 Intra and inter IAB node operation
4.1 Intra IAB node operation
Based on the agreements in the last meeting [1], DU operation has priority to MT operation in DU hard resource and soft resource with IA indication. On the other hand, MT operation has priority in NA resource and soft resource with INA indication.

Basically, IAB node operation should follow this rule. For example, if there is a data scheduling by parent node in DU hard resource, this scheduling is dropped and DU operation is performed. However, it should be discussed whether to consider some exception cases. 
For example, access SSB transmission needs to be assured to support access UEs. However, the resource for access SSB transmission can be configured to be not available for DU operation. In this case, access SSB transmission can be performed regardless of DU configuration. 
As described in our companion contribution [2], SMTC would be a subset of STC as shown in Figure 2. (a) (i.e., Scenario 1), or STC would be a subset of SMTC as in Figure 2. (b) (i.e., Scenario 2). In Scenario 1, IAB node transmits SSB according to STC configuration. When STC and SMTC is collided, the node mutes SSB transmission and perform discovery/measurement. In Scenario 2, an IAB node measures neighbor nodes in every SMTC duration. But for collision between SMTC and STC, the node transmits discovery SSB rather than performs measurement. 
Time duration for link availability indication by a DU configuration may be shorter than SMTC/STC period. Therefore, it cannot be possible to configure STC resource and SMTC resource to hard resource and NA resource respectively. For example, a DU configuration can indicated link availability for 40msec symbol duration, but SMTC and STC can have 320msec and 80msec period respectively. In this case, symbols which can be used for discovery SSB would be configured to DU hard resource. These symbols also can be used for neighbor IAB node measurement in some period, but MT cannot perform measurement since these resource is configured to DU hard. To prevent this problem, we suggest that DU hard is assumed in STC resource and DU NA is assumed in SMTC resource. In case of STC and SMTC collision, DU hard is assumed if STC period is longer than SMTC, and DU NA is assumed if SMTC period is longer than SMTC.
Proposal 8: DU hard is assumed in access SSB transmission resource.
Proposal 9: DU hard is assumed in STC resource and DU NA is assumed in SMTC resource. In case of SMTC and STC collision,

· DU hard is assumed if STC period > SMTC period.
· DU NA is assumed if STC period < SMTC period.
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(a) Scenario 1: SMTC is a subset of STC
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(b) Scenario 2: STC is a subset of SMTC

Figure 2. Examples on SMTC and STC configuration
4.2 Inter IAB node operation

An IAB node should know DU configuration of its child node considering following aspects.
If dynamic and explicit availability configuration for DU soft resource is supported, an IAB node would determine IA/INA information and transmit it by DCI for its child node. To support it, the node should know the location of DU soft resource for its child node at least. Therefore, it seems necessary an IAB node have information about DU configuration for its child node.

It would be possible that both of IAB node and its child node have DU hard resource (or soft resource with IA) at the same time. For example, to make both of IAB node and its child node perform communication with access UEs (e.g., access SSB transmission), the time resource for both nodes can be configured as hard resource by DU configuration. On the other hand, IAB node and its child node have DU hard resource at the same, the IAB node cannot communicate with its child node. However, if the IAB node does not know the DU configuration of its child node, the IAB node may try to transmit/receive data with its child node wastefully. Also, let’s assume that an IAB node requests PUSCH transmission at slot #n to its child node but the child node cannot transmit PUSCH since it should perform DU operation. In this case, even if the child node does not transmit PUSCH at slot #n, the IAB node would use it for PUSCH HARQ combining and it would cause performance impact. Therefore, information about DU configuration of child node would be useful to an IAB node.

If DU configuration is delivered to an IAB node by F1-AP signaling, its parent node cannot know the DU configuration. In this case, to make the parent node know the DU configuration, 1) the IAB node transmits its DU configuration to the parent node, or 2) the DU configuration also can be delivered to the parent node by F1-AP signaling. Alternatively, RRC signaling can be used to deliver DU configuration to an IAB node.
Proposal 10: An IAB node should know all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs.

5 Conclusion 

In this contribution, we discussed on resource multiplexing among backhaul and access links and obtained following proposals.

Proposal 1: One DU configuration is configured to a DU and it is applied to all child links.
Proposal 2: Configuration of DU link direction (DL/UL/F) can be based on legacy semi-static SFI configuration.

Proposal 3: It seems desirable to minimize restriction on the location of DU Hard/Soft/NA resource.

Proposal 4: Discuss whether slot format configuration by SI for access UEs also can be applied to MT configuration or not.
Proposal 5: When a node configures link direction dynamically for its child node or access UE, it should not be violated its DU configuration.
Proposal 6: If the availability is not configured for a DU soft resource, the DU cannot assume it can use the resource.

Proposal 7: It is considerable that an IAB node request its DU soft resource availability to its parent node.
Proposal 8: DU hard is assumed in access SSB transmission resource.
Proposal 9: DU hard is assumed in STC resource and DU NA is assumed in SMTC resource. In case of SMTC and STC collision,

· DU hard is assumed if STC period > SMTC period.
· DU NA is assumed if STC period < SMTC period.

Proposal 10: An IAB node should know all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs.
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