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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
It is agreed to specify the following aspects for IAB multiplexing related issues as follows,
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
This contribution provides views on  the time resource types for the DU’s child links.

2. Discussion
2.1. Slot format
So far, existing Rel-15 mechanism supports three ways to indicate slot/symbol as “D”, “U” or “F” in principle, namely TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and SFI in GC-PDCCH. These signallings and indications can be used as a start point to design signalling and indication for indicating the resource allocation in time for backhaul link and access link.
TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated are used for semi-static resource partition. For TDD-UL-DL-ConfigurationCommon, it always starts from downlink (if any) and end from uplink  (if any)transmission within a periodicity.  For TDD-UL-DL-ConfigDedicated, it always starts from downlink (if any) and end from uplink (if any) transmission within a slot. Considering SDM access and backhaul traffic multiplexing, backhaul and access link may have different transmission directions at the same time. Hence, it is expected to further extend the signalling design for backhaul link signalling. For example, it is propose to not restrict the transmission always start from downlink and end with uplink for TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated.
For dynamic SFI, the current signalling alread provides enough flexibility from traffic adaptation perspective. Annex 1 provides an overview of the current supported slot formats. For the same reason to support SDM for BH and AC link, it is proposed to introduce more slot formats which allows more flexible uplink transmission from the beginning of the slot. Note such slot format can be a complementary to the existing slot format which the downlink transmission starts first and the number of symbols is very flexible. As a consequence, the BH and AC link can use these complementary slot formats respectively in order to allow SDM multiplexing between BH and AC.
Proposal 1: Slot format for backhaul link can be design based on the existing TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.211. Extending of the signaling should be considered for the followings,
· No restriction to always start from downlink and end with uplink for TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.21.
2.2. Specification of time resource types for the DU’s child links
The following types of resource allocation are discussed during the study item,
	From a IAB-node DU point-of-view, the child link has the following types of time resources:
-	Downlink time resource
-	Uplink time resource
-	Flexible time resource 
-	Not available time resources (resources not to be used for communication on the DU child links) 
Each of the downlink, uplink and flexible time-resource types of the DU child link can belong to one of two categories:
-	Hard: The corresponding time resource is always available for the DU child link 
-	Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node.



Therefore, with respect to time-resource types of the DU child link, the following (7) combinations can be as follows,
· DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available
These resource types should be RRC configured from higher layer. In case of TDM operation subject to half-duplex constraint, it is expected that the IAB-node/IAB-node DU resources cannot Tx/Rx simultaneously. 
Resource coordination between backhaul and access link for “Hard”
For resource type “Hard”, the DU child link always schedules its UEs based on its own decision without taking IAB-node backhaul link resource allocation into consideration. The scheduling constraint is as follows,
· For IAB backhaul link, depending on whether IAB DU can exchange its scheduling results to parent node, the following alternatives can be considered,
· Alt 1: the usage of the backhaul is restricted by the DU child link type. For example, D and U cannot be used when FH is configured for IAB DU child link, D cannot be used when DH is configured for IAB DU child link, U cannot be used when UH is configured for IAB DU child link (Figure 1). It is shown in Table 7.3.3-1 in TR38.874.
	DU Configuration
	MT configuration

	
	DL
	UL
	F

	DL-H
	DU: Tx
MT: NULL
	DU: Tx
MT: NULL
	DU: Tx
MT: NULL

	UL-H
	DU: Rx
MT: NULL
	DU: Rx
MT: NULL
	DU: Rx
MT: NULL 

	F-H
	DU: Tx/Rx
MT: NULL
	DU: Tx/Rx
MT: NULL
	DU: Tx/Rx
MT: NULL
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Figure 1 scheduling restriction for each time-resource types for TDM

· Alt 2: IAB DU can exchange its scheduling results to parent node, such that the parent node decide how to schedule the backhaul resources. It is shown in Table 7.3.3-2 in TR38.874.
· If DH is configured for IAB DU child link, usage of U for backhaul is not restricted, a.k.a, FDM or SDM for backhaul and access link
· If UH is configured for IAB DU child link, usage of D for backhaul is not restricted, a.k.a, FDM or SDM for backhaul and access link.
· For IAB DU child link, U/D cannot be used when DH/UH is configured for IAB DU child link respectively.
	DU Configuration
	MT configuration

	
	DL
	UL
	F

	DL-H
	DU: Tx
MT: NULL
	DU: Tx
MT: Tx
	DU: Tx
MT: Tx

	UL-H
	DU: Rx
MT: Rx
	DU: Rx
MT: NULL
	DU: Rx
MT: Rx

	F-H
	DU: Tx/Rx
MT: Rx (only if DU is Rx and the parent DU is aware in advance)
	DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent is aware in advance)
	DU: Tx/Rx
MT: Tx (only if DU is Tx and the parent DU knows that ahead of time), Rx (only if DU is Rx and the parent DU is aware in advance)
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Figure 2 scheduling restriction for each time-resource types for SDM/FDM

· For DU configuration  ‘FH’ and MT configuration ‘F’, whether the parent DU knows the child DU link has Tx/Rx can be signaled from child DU link via L1 or MAC signaling. The signaling  helps to improve the backhaul link efficiency.
· For DU configuration  ‘DH’ and MT configuration ‘F’, 
· For SDM, the parent DU link does NOT required to be aware of the DU child link scheduling results, and child MT is always capable to Tx based on parent DU link’s scheduling grant.
· For FDM, in order to avoid resource collision, the parent DU link does required to be aware of the DU child link scheduling results.
· For DU configuration  ‘UH’ and MT configuration ‘F’, similar to the case DU configuration  ‘DH’
· For SDM, the parent DU link does NOT required to be aware of the DU child link scheduling results, and child MT is always capable to Rx based on parent DU link’s scheduling grant.
· For FDM, in order to avoid resource collision, the parent DU link does required to be aware of the DU child link scheduling results.
Proposal 2: For FDM case and DU configuration  ‘Hard’ and MT configuration ‘F’, the parent DU is aware of whether the child DU link’s has Tx/Rx. And the signaling can be from child DU link via L1 or MAC signaling.
Proposal 3: For SDM case and DU configuration  ‘Flexible Hard’ and MT configuration ‘F’, the parent DU is aware of whether the child DU link’s has Tx/Rx. And the signaling can be from child DU link via L1 or MAC signaling.
Resource coordination between backhaul and access link for “Soft”
For resource type “Soft”, the DU child link should schedule its UEs based on the outcome of dynamic resource allocation indication for IAB-node backhaul (if any).  The indication can be 
· Dynamic SFI of the backhaul
· DL/UL grant of the backhaul
· New DCI for indicating DU child link scheduling
2.3. IAB-node scheduling and processing delay
Considering the dynamic indication of the bakchaul and access resource, the IAB-node may requires additional processing and preparing in order to use the dynamically indicated flexible resources. This need to be considered especially for “soft” time-resource type for IAB DU child link. Since the IAB node need processing time to know the backhaul resource allocation before making scheduling decision for the DU child link.
This is also considered during the study item,
	TR 38.874 Section 7.3.3
…
Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination and the indication of resources within the configuration which can be dynamically and flexibly used for different links, including
-	The need to consider the scheduling delay, IAB node processing delays, or information required to be available for the use of flexible resources
-	Mechanisms to schedule flexible resources (e.g. GC-PDCCH)



For the case of downlink, when the IAB-donor indicates the IAB-node which slot(s)/symbol(s) are used for access and backhaul link, IAB-node need some time for decoding the indication and some time for preparing using the indicated resources (includes encoding, mapping, modulation and etc.). Figure 2 illustrates the downlink processing required between downlink indication and downlink access resource. Where  denotes the processing time to decode the indication, A denotes scheduling preparation time for the access link. 
[image: ]
[bookmark: _Ref534642263]Figure 2 IAB node scheduling delay and processing delays for downlink
For the case of uplink, IAB-node also need some time for decoding the indication (). Also, preparation of the scheduling is also needed (). In additional,  processing time as defined in the current spec should be added in order to allow UE to decode the PUSCH after receiving uplink grant.
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Figure 3 IAB node scheduling delay and processing delays for uplink
Proposal 4: For IAB-node, the processing times between a downlink indication for DU child link availability from parent node and PDSCH/PUSCH transmission on DU child link should be defined.
3. Conclusion
This contribution focus on resource multpleing among backhaul and access link and the following is proposed,
Proposal 1: Slot format for backhaul link can be design based on the existing TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.211. Extending of the signaling should be considered for the followings,
· No restriction to always start from downlink and end with uplink for TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.21.
Proposal 2: For FDM case and DU configuration  ‘Hard’ and MT configuration ‘F’, the parent DU is aware of whether the child DU link’s has Tx/Rx. And the signaling can be from child DU link via L1 or MAC signaling.
Proposal 3: For SDM case and DU configuration  ‘Flexible Hard’ and MT configuration ‘F’, the parent DU is aware of whether the child DU link’s has Tx/Rx. And the signaling can be from child DU link via L1 or MAC signaling.
Proposal 4: For IAB-node, the processing times between a downlink indication for DU child link availability from parent node and PDSCH/PUSCH transmission on DU child link should be defined.




Annex 1. Slot formats
[bookmark: Slot_format_Table][bookmark: _Hlk512253773][bookmark: _GoBack]<38.211 - Table 11.1.1-1: Slot formats for normal cyclic prefix >
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0 D D D D D D D D D D D D D D

1 U U U U U U U U U U U U U U

2 F F F F F F F F F F F F F F

3 D D D D D D D D D D D D D F

4 D D D D D D D D D D D D F F

5 D D D D D D D D D D D F F F

6 D D D D D D D D D D F F F F

7 D D D D D D D D D F F F F F

8 F F F F F F F F F F F F F U

9 F F F F F F F F F F F F U U

10 F U U U U U U U U U U U U U

11 F F U U U U U U U U U U U U

12 F F F U U U U U U U U U U U

13 F F F F U U U U U U U U U U

14 F F F F F U U U U U U U U U

15 F F F F F F U U U U U U U U

16 D F F F F F F F F F F F F F

17 D D F F F F F F F F F F F F

18 D D D F F F F F F F F F F F

19 D F F F F F F F F F F F F U

20 D D F F F F F F F F F F F U

21 D D D F F F F F F F F F F U

22 D F F F F F F F F F F F U U

23 D D F F F F F F F F F F U U

24 D D D F F F F F F F F F U U

25 D F F F F F F F F F F U U U

26 D D F F F F F F F F F U U U

27 D D D F F F F F F F F U U U

28 D D D D D D D D D D D D F U

29 D D D D D D D D D D D F F U

30 D D D D D D D D D D F F F U

31 D D D D D D D D D D D F U U

32 D D D D D D D D D D F F U U

33 D D D D D D D D D F F F U U

34 D F U U U U U U U U U U U U

35 D D F U U U U U U U U U U U

36 D D D F U U U U U U U U U U

37 D F F U U U U U U U U U U U

38 D D F F U U U U U U U U U U

39 D D D F F U U U U U U U U U

40 D F F F U U U U U U U U U U

41 D D F F F U U U U U U U U U

42 D D D F F F U U U U U U U U

43 D D D D D D D D D F F F F U

44 D D D D D D F F F F F F U U

45 D D D D D D F F U U U U U U

46 D D D D D F U D D D D D F U

47 D D F U U U U D D F U U U U

48 D F U U U U U D F U U U U U

49 D D D D F F U D D D D F F U

50 D D F F U U U D D F F U U U

51 D F F U U U U D F F U U U U

52 D F F F F F U D F F F F F U

53 D D F F F F U D D F F F F U

54 F F F F F F F D D D D D D D

55 D D F F F U U U D D D D D D

56 –

254

255

Format

Symbol number in a slot

Reserved

UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated and, if any,

on detected DCI formats
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