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1 Introduction

In Rel-16 IAB WI, several issues on resource multiplexing among DU and MT are discussed and the relevant agreements are made. However, there still exists some points to be clarified or to be further discussed. In this contribution, we continue to discuss remaining issues and clarifications on Rel-16 IAB multiplexing and present our proposals.

2 Discussion
2.1 H/S/NA resource configuration for IAB-node DU
In Section 14 of TS 38.213, IAB-node DU behavior for a symbol in a slot with hard, soft, and unavailable type is described. 

	With reference to slots of an IAB-node DU serving cell, a symbol in a slot of an IAB-node DU serving cell can be configured to be of hard, soft, or unavailable type. When a downlink, uplink, or flexible symbol is configured as hard, the IAB-node DU serving cell can respectively transmit, receive, or either transmit or receive in the symbol. 

When a downlink, uplink, or flexible symbol is configured as soft, the IAB-node DU can respectively transmit, receive or either transmit or receive in the symbol only if
-
for the IAB-node MT, ability to transmit or receive by the IAB-node DU in the soft symbol is equivalent to a configuration of the soft symbol as unavailable, or

-
the IAB-node DU detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available for transmission or reception

When a symbol is configured as unavailable, the IAB-node DU neither transmits nor receives in the symbol. 

A symbol of a slot is equivalent to being configured as hard if an IAB-node DU would either transmit a SS/PBCH block or a periodic CSI-RS in the symbol of the slot, or would receive a PRACH or a SR in the symbol of the slot.


Based on the agreements made in Rel-16 IAB WI, for the semi-static DU configuration, indication of D/U/F resource and indication of H/S/NA per resource type in each slot are supported. Then, IAB-node DU can obtain its H/S/NA attribute based on the DU configuration. 
However, in the current specification, it seems unclear how an IAB-node DU can get the H/S/NA information. On the other hand, in case of D/U/F resource configuration for IAB-node DU, the specification describes that the slot format indication can be provided by IAB-DU-Resource-Configuration as followings.
	For each serving cell of an IAB-node DU, the IAB-node DU can be provided an indication for a slot format over a number of slots by IAB-DU-Resource-Configuration.


Therefore, similar to description on D/U/F resource configuration for IAB-node DU, we propose that the specification is modified to contain ‘IAB-node DU serving cell can obtain H/S/NA attribute by IAB-DU-Resource-Configuration’ clearly.
Proposal 1: 38.213 specification is modified to contain ‘IAB-node DU serving cell can obtain H/S/NA attribute by IAB-DU-Resource-Configuration’ clearly.
2.2 Slot format indication for IAB-node MT
An IAB-node MT obtains its D/U/F resource type by MT configuration. Also, an IAB-node MT can be provided slot formats for a set of slots by DCI format 2_0. In Section 14 of TS 38.213, to describe theses operation of IAB-node MT, following terms are used.
· tdd-UL-DL-ConfigDedicated-IAB-MT
· slotSpecificConfigurationsToAddModList-IAB-MT
· symbols
· SlotFormatIndicator-IAB-MT
These should be aligned with terms used in RAN2, so these needs to be modified based on current CR for 38.331 as followings respectively.
· tdd-UL-DL-ConfigDedicated-IAB-MT-v16xy
· slotSpecificConfigurationsToAddModList-IAB-MT-v16xy
· symbols-IAB-MT
· SlotFormatIndicator
Proposal 2: 38.213 specification corresponding to slot format indication for IAB-node MT should be reflect the terms used in RAN2.
2.3 MT guard symbols for Tx to Rx and Rx to Tx switching
Guard symbols that will not be used for the IAB-node MT for transition between MT and DU are introduced in Rel-16 IAB. It is because of the timing misalignment between the MT and DU which can cause MT and DU resource overlapping. 

Similar to the transition cases between MT Tx/Rx and DU Tx/Rx, resource overlapping problem can be caused when there is a transition between MT Tx and MT Rx. 
Slot formats with the sequence order UL-Flexible-DL are supported for IAB. In this case, uplink to downlink symbols can be allocated in consecutive symbols as shown in Figure 1.(a). In the figure, both of two consecutive slots have UL-(Flexible)-DL slot format, so the first slot ends with downlink symbols and the second slot starts with uplink symbols. Then, since UL Tx timing is located ahead of DL Rx timing for Rel-16 IAB-node MT, it causes resource overlapping between downlink symbols and uplink symbols. In the figure, downlink symbols #11~#13 and uplink symbols #0~#2 of IAB-node MT are overlapped. Therefore, guard symbols needs to be introduced to avoid the conflict when the IAB-node MT transits from UL Tx to DL Rx.
For the IAB-node MT transition case from DL Rx to UL Tx, guard symbols also can be required. If timing alignment case 7 captured in the TR 38.874 is applied to an IAB-node, its DL Tx timing is located before UL Rx timing. In this case, its child MT can have minus TA value depending on the propagation delay. It means that UL Tx timing of an IAB-node MT can come after DL Rx timing. Then, even if an IAB-node MT transits from UL Tx to DL Rx, uplink and downlink symbols can be conflicted. Figure 1.(b) shows an example of this overlapping case. The parent node applies timing alignment case 7, and the IAB-node MT has minus TA value for set its UL Tx timing. It causes overlapping of uplink symbol #13 and downlink symbol #0 for IAB-node MT.
In summary, the resource overlapping can be happened for both of MT Tx to MT Rx and MT Rx to MT Tx transition cases, and guard symbols for MT needs to be defined for both cases which means that this guard symbols are important not only for Rel-16 IAB but also for forward compatibility. 
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(a) Downlink to Uplink switching in Case 1 timing
[image: image2.emf]DL Tx

UL Rx

DL Rx

UL Tx

7 8 9 11 10 13 12 7 8 9 11 10 13 12 1 2 3 5 4 6 0 1 2 3 5 4 6 0

1 2 3 5 0 4 6 1 2 3 5 0 4 6 7 10 11 12 9 13 8 7 10 11 12 9 13 8

7 8 9 11 10 13 12 7 8 9 11 10 13 12 1 2 3 5 4 6 0 1 2 3 5 4 6 0

1 2 3 5 0 4 6 1 2 3 5 0 4 6 7 10 11 12 9 13 8 7 10 11 12 9 13 8

Parent node DU

IAB node MT

Parent node MT

1 2 3 5 4 6 0 DL Rx

UL Tx 7 10 11 12 9 13 8

7 8 9 11 10 12

1 2 3 5 0 4 6

1 2 3 5 4 6 0

7 10 11 12 9 13 8

7 8 9 11 10 13 12

1 2 3 5 0 4 6

13


(b) Uplink to Downlink switching in Case 7 timing
Figure 1. Examples for Downlink and Uplink resource overlapping
Proposal 3: A parent IAB-node can be provided the desired number of guard symbols when there is a transition between child IAB-node MT Tx and child IAB-node MT Rx.
Proposal 4: An IAB node MT can be provided the number of guard symbols that will not be used for the IAB node MT when there is a transition between MT Tx and MT Rx.
When an IAB-node MT applies guard symbols when it transits from DL Rx/UL Tx to UL Tx/DL Rx, it also need to be clarified which symbols are used for guard symbols. For example, Ng uplink or downlink symbols can be used for guard symbols. Or, Ng consecutive symbols consisting both of uplink and downlink symbols can be used. However, it is difficult to determine which symbols are prioritized. So, it seems reasonable that the determination of guard symbols is up to parent DU. For this purpose, for each transition case, Ng_U and Ng_D can be provided as shown in Table 1 where Ng_U and Ng_D are the number of uplink and downlink symbols respectively which are not used for MT when there is a transition between MT Tx and MT Rx.

Table 1. The number of guard symbols for MT Tx/Rx transition cases
	
	Ng_U
	Ng_D

	DL Rx to UL Tx
	
	

	UL Tx to DL Rx
	
	


Proposal 5: The number of uplink guard symbols (Ng_U) and downlink guard symbols (Ng_D) are provided for each of MT Rx to MT Tx transition and MT Tx to MT Rx transition. 

2.4 Slot formats with U-D pattern
Since UL timing is located ahead of DL timing, additional gap symbol for UL to DL switching is not required for Rel-16 IAB-node. So, direct transition from uplink to downlink without flexible symbol is available and slot formats allow direct transition from uplink to downlink can be used. These slot formats without flexible symbol(s) are helpful to reduce inefficient resource utilization. A flexible symbol indicated by SFI-DCI cannot be utilized for transmission/reception of signal/channels configured by RRC. So, unnecessary flexible symbols indicated by DCI can cause restriction on resource usage.
Considering above aspects, a slot format with UL-DL pattern is introduced for Rel-16 IAB-node MT. The slot format is composed of 7 uplink symbols and 7 downlink symbols. However, adopting of only one slot format with UL-DL pattern seems not sufficient for fully enjoying the advantages. Therefore, we propose to support two more slot formats with 4:10 and 10:4 ratio of uplink and downlink symbols.
Proposal 6: Table 14-1 in TS38.213 is modified to support following slot formats with U-D pattern.

	Slot

Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	97
	U
	U
	U
	U
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	98
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	D
	D
	D
	D


Based on above discussion, we propose to revise the texts in TS 38.213 as in Section 4.
3 Summary
In this contribution, we provide our views on IAB resource multiplexing as follows. 
Proposal 1: 38.213 specification is modified to contain ‘IAB-node DU serving cell can obtain H/S/NA attribute by IAB-DU-Resource-Configuration’ clearly.
Proposal 2: 38.213 specification corresponding to slot format indication for IAB-node MT should be reflect the terms used in RAN2.
Proposal 3: A parent-IAB node can be provided the desired number of guard symbols when there is a transition between child IAB-node MT Tx and child IAB-node MT Rx.
Proposal 4: An IAB node MT can be provided the number of guard symbols that will not be used for the IAB node MT when there is a transition between MT Tx and MT Rx.
Proposal 5: The number of uplink guard symbols (Ng_U) and downlink guard symbols (Ng_D) are provided for each of MT Rx to MT Tx transition and MT Tx to MT Rx transition. 

Proposal 6: Table 14-1 in TS38.213 is modified to support following slot formats with U-D pattern.

	Slot

Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	97
	U
	U
	U
	U
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	98
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	D
	D
	D
	D


4 Text proposals on 38.213
14. 
Integrated access-backhaul operation 

-------------------------------------------------------- Omitted -----------------------------------------------------

A slot format for an IAB-node DU or an IAB-node MT includes downlink symbols, uplink symbols, and flexible symbols. 

For each serving cell of an IAB-node DU, the IAB-node DU can be provided an indication for a slot format over a number of slots by IAB-DU-Resource-Configuration. For each serving cell, an IAB-node MT can be provided an indication for a slot format over a number of slots by tdd-UL-DL-ConfigDedicated-IAB-MT-v16xy. If the IAB-node MT is provided tdd-UL-DL-ConfigDedicated-IAB-MT-v16xy, the parameter tdd-UL-DL-ConfigDedicated-IAB-MT-v16xy overrides only flexible symbols over the number of slots as provided by TDD-UL-DL-ConfigurationCommon.

The tdd-UL-DL-ConfigDedicated-IAB-MT-v16xy provides

-
a set of slot configurations by slotSpecificConfigurationsToAddModList-IAB-MT-v16xy
-
for each slot configuration from the set of slot configurations

-
a slot index for a slot provided by slotIndex
-
a set of symbols for a slot by symbols-IAB-MT where 

-
if symbols-IAB-MT = allDownlink, all symbols in the slot are downlink

-
if symbols-IAB-MT = allUplink, all symbols in the slot are uplink

-
if symbols-IAB-MT = explicit, nrofDownlinkSymbols provides a number of downlink first symbols in the slot and nrofUplinkSymbols provides a number of uplink last symbols in the slot. If nrofDownlinkSymbols is not provided, there are no downlink first symbols in the slot and if nrofUplinkSymbols is not provided, there are no uplink last symbols in the slot. The remaining symbols in the slot are flexible.

-
if symbols-IAB-MT = explicit-IAB-MT, nrofUplinkSymbols provides a number of uplink first symbols in the slot and nrofDownlinkSymbols provides a number of downlink last symbols in the slot. If nrofUplinkSymbols is not provided, there are no uplink first symbols in the slot and if nrofDownlinkSymbols is not provided, there are no downlink last symbols in the slot. The remaining symbols in the slot are flexible.

For each slot having a corresponding index provided by slotIndex, the IAB-MT applies a format provided by a corresponding symbols-IAB-MT.

An IAB-node MT can be provided, by SlotFormatCombinationsPerCell-IAB-MT, a list of slot format combinations applicable for one serving cell and, by SlotFormatIndicator, a configuration for monitor a DCI format 2_0 indicating a slot format combination, from the list of slot format combinations, over a number of slots as described in Clause 11.1.1. In addition to the slot formats in Table 11.1.1-1, an SFI field for an IAB-node MT in DCI format 2_0 can indicate to the IAB-node MT a slot format from the slot formats in Table 14-1.

Table 14-1: Slot formats for normal cyclic prefix

	Slot

Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	56
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F

	57
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F

	58
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	F

	59
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	F
	F

	60
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	F
	F
	F

	61
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	F
	F
	F
	F

	62
	U
	U
	U
	U
	U
	U
	U
	F
	F
	F
	F
	F
	F
	F

	63
	U
	U
	U
	U
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F

	64
	U
	U
	U
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F

	65
	U
	U
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	66
	U
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	67
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	68
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	69
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	D

	70
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	D

	71
	U
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	D

	72
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	D
	D

	73
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	D
	D

	74
	U
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	D
	D

	75
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D

	76
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D

	77
	U
	U
	U
	F
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D

	78
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	D

	79
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	D

	80
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	F
	D

	81
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	D
	D

	82
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	D
	D

	83
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	F
	D
	D

	84
	U
	F
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	85
	U
	U
	F
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	86
	U
	U
	U
	F
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	87
	U
	F
	F
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	88
	U
	U
	F
	F
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	89
	U
	U
	U
	F
	F
	D
	D
	D
	D
	D
	D
	D
	D
	D

	90
	U
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	91
	U
	U
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D
	D
	D

	92
	U
	U
	U
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D
	D

	93
	U
	U
	U
	U
	U
	U
	U
	U
	U
	F
	F
	F
	F
	D

	94
	U
	U
	U
	U
	U
	U
	F
	F
	F
	F
	F
	F
	D
	D

	95
	U
	U
	U
	U
	U
	U
	F
	F
	D
	D
	D
	D
	D
	D

	96
	U
	U
	U
	U
	U
	U
	U
	D
	D
	D
	D
	D
	D
	D

	97
	U
	U
	U
	U
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	98
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	D
	D
	D
	D


For a serving cell of an IAB-node MT, the IAB-node MT can be provided by guard-SymbolsProvided a number of symbols that will not be used for the IAB-node MT in slots where the IAB-node transitions between IAB-node MT and IAB-node DU. For a serving cell of an IAB-node MT, the IAB-node MT can be provided by guard-SymbolsProvided a number of uplink and downlink symbols that will not be used for the IAB-node MT in slots where the IAB-node MT transition between uplink and downlink. A SCS configuration for the number of symbols is provided by guardSymbol-SCS.
With reference to slots of an IAB-node DU serving cell, a symbol in a slot of an IAB-node DU serving cell can be configured to be of hard, soft, or unavailable type by IAB-DU-Resource-Configuration. When a downlink, uplink, or flexible symbol is configured as hard, the IAB-node DU serving cell can respectively transmit, receive, or either transmit or receive in the symbol. 

When a downlink, uplink, or flexible symbol is configured as soft, the IAB-node DU can respectively transmit, receive or either transmit or receive in the symbol only if
-
for the IAB-node MT, ability to transmit or receive by the IAB-node DU in the soft symbol is equivalent to a configuration of the soft symbol as unavailable, or

-
the IAB-node DU detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available for transmission or reception

When a symbol is configured as unavailable, the IAB-node DU neither transmits nor receives in the symbol. 

A symbol of a slot is equivalent to being configured as hard if an IAB-node DU would either transmit a SS/PBCH block or a periodic CSI-RS in the symbol of the slot, or would receive a PRACH or a SR in the symbol of the slot.

-------------------------------------------------------- Omitted -----------------------------------------------------
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