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1 Introduction

This contribution provides our views on several remaining issues need to be discussed and clarified for IAB resource multiplexing.

2 Discussion 
2.1 Clarification on guard symbols location
In the current specification on 38.213, the location of guard symbols for MT/DU transition is described as follow.
	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. A SCS configuration for the number of symbols is provided by guardSymbol-SCS.


In the last meeting, some concerns on inconsistency on the location of IAB-node MT/DU transition determination between parent and IAB-node were raised and discussed. According to the current specification, guard symbols are created when IAB-node transition between IAB-node MT and IAB-node DU is occurred. 
Since the guard symbols are created when the MT/DU transition is occurred, in the IAB-node perspective, the location of guard symbols is determined by the actual IAB-node MT/DU transition timing. An example is illustrated in Figure 1.(a). In the example, symbol #7~#13 are configured as hard, but only symbol #10~#13 are scheduled for DU operation. Then, since the IAB-node DU does not utilize symbol #7~#9, the IAB node can transit from MT to DU before symbol #10. So, the IAB-node can use symbols #8 and #9 as guard symbols when the value of Ng is 2. If IAB-node DU operation is scheduled in different symbols, the IAB node may have different transition location. On the other hand, in the parent node perspective, it does not have the information about scheduled resources for IAB-node DU, so it cannot determine the actual IAB-node MT/DU transition location of the IAB-node. Therefore, the MT/DU transition location assumed by the parent node and the actual transition location applied by the IAB node may not be aligned. 
Another issue is that the understanding of whether or not the IAB-node MT/DU transition is occurred may be different between parent and IAB-node. In Figure 1.(b), symbol #0~#4 and #9~#11 are utilized for IAB-node MT operation. Symbols #5~#8 are configured as hard but actual IAB-node DU operation is not occurred in these symbols. In this case, the IAB-node may not transit from IAB-node MT to IAB-node DU and IAB-node DU to IAB-node MT for IAB-node DU operation, and guard symbols would not be created in the IAB-node perspective. However, the parent node cannot be aware of this situation, so it would have different understanding on IAB-node MT/DU transition.
To remove the ambiguity on guard symbols creation, parent and IAB-node should have common understanding on IAB-node MT/DU transition location assumed for guard symbol creation. It needs to be based on the assumption that available resources for IAB-node DU operation should be guaranteed for IAB-node DU regardless of actual operation resource. Therefore, IAB-node MT to IAB-node DU transition and IAB-node DU to IAB-node MT transition should be assumed before the available resource for IAB-node DU operation starts and after the available resource for IAB-node DU operation ends, respectively. Here, available resource for DU operation includes
· a symbol configured as hard

· a symbol configured as soft and indicated as available by DCI format 2_5

· a symbol equivalent to being configured as hard (such as a symbol for SS/PBCH block, Type0-PDCCH CSS sets, or periodic CSI-RS transmission, or a symbol for PRACH or SR reception)
Parent node also have the information for determine available resource for DU operation, so parent node and IAB-node can have the common understanding on MT/DU transition and guard symbols location.
Proposal 1: 38.213 specification corresponding to the location of guard symbols for transition between IAB node MT and IAB node DU should be clarified to have common understanding between parent and IAB-node as 
Guard symbols that will not be used for the IAB-node MT are located before and after a set of symbol(s) where a symbol in the set of consecutive symbols includes

· a symbol configured as hard

· a symbol configured as soft and the IAB-node MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available
· a symbol equivalent to being configured as hard.
The proposed TP based on Proposal 1 is provided in Annex 2.
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Figure 1. Guard symbols generation based on actual MT/DU transition location
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Figure 2. Guard symbols generation based on IAB-node DU resource availability
2.2 Guard symbols for MT Tx/Rx transition
Guard symbols that will not be used for the IAB-node MT for transition between IAB-node MT and IAB-node DU are introduced in Rel-16 IAB. It is because of the timing misalignment between the IAB-node MT and IAB-node DU which can cause IAB-node MT and IAB-node DU resource overlapping. 

Similar to the transition cases between IAB-node MT Tx/Rx and IAB-node DU Tx/Rx, resource overlapping problem can be caused when there is a transition between IAB-node MT Tx and IAB-node 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 3.(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 3.(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 IAB-node MT Tx to IAB-node MT Rx and IAB-node MT Rx to IAB-node MT Tx transition cases, and guard symbols for IAB-node 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
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(b) Uplink to Downlink switching in Case 7 timing

Figure 3. Examples for Downlink and Uplink resource overlapping
Observation 1: The resource overlapping can be happened for both of IAB-node MT Tx to IAB-node MT Rx and IAB-node MT Rx to IAB-node MT Tx transition cases, and guard symbols for IAB-node MT needs to be defined for both cases
2.3 Multiplexing capability in paired spectrum 

In RAN1#99 meeting, following working assumption regarding IAB in paired spectrum was captured in the chairman’s note as:

	Working assumption:

For paired spectrum, the H/S/NA DU resource configuration framework is extended with the following:

· Two separate H/S/NA per-cell DU semi-static configurations are provided (with slot level resolution) for downlink and uplink

FFS: whether the definition of half-duplex operation has to be modified for IAB nodes operating in paired spectrum


Also, regarding the multiplexing capability, in RAN1#98bis and RAN1#99 meetings, followings are agreed and captures in the chairman’s note as:
	Agreements:

The donor CU and the parent node can be made aware of the multiplexing capability between MT and DU (TDM required, TDM not required) of an IAB node to for any {MT CC, DU cell} pair.

· Signaling details up to RAN2/RAN3.

Agreements:

The indication of the multiplexing capability for the case of no-TDM between IAB MT and IAB DU is additionally provided with respect to each transmission-direction combination (per MT CC/DU cell pair):

· MT-TX/DU-TX

· MT-TX/DU-RX 

· MT-RX/DU-TX

· MT-RX/DU-RX

Note: This agreement does not require any additional specification impact in RAN1 in Rel-16, i.e. in Rel-16 the behaviour of the IAB node is only defined for TDM cases. The behaviour for no-TDM is left to IAB-node/network implementation in Rel-16.


According to above agreements, TDM between IAB-node MT and IAB-node DU is a default behavior in Rel-16 IAB. However, in case of paired spectrum, uplink and downlink are separated in frequency domain and operate independently as in Figure 4. Thus, default multiplexing between IAB-node MT and IAB-node DU in paired spectrum can be different compared to the case of unpaired spectrum. For example, as in Figure 4, transmission-direction combinations of MT-Tx/DU-Tx and MT-Rx/DU-Rx can operate in different frequency bands, so no-TDM between IAB-node MT and IAB-node DU seems to be a default IAB behavior in paired spectrum. 
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Figure 4. Illustration of IAB operation in paired spectrum
Observation 2: RAN1 needs to clarify the default multiplexing capability between IAB-node DU and IAB-node MT in case of paired spectrum. 

2.4 Soft resource availability indication in paired spectrum
Another issue in paired spectrum is the interpretation of AI-DCI. The AI-DCI consists of 8 states to indicate the availability of D/U/F soft resources. However, in paired spectrum, there is no flexible resource. So, there may be some ambiguity if the current AI-DCI is employed in order to dynamically indicate the availability of soft resource for uplink and downlink. For solving this issue, following two alternatives can be considered.

· Alt 1: Reuse current AI-DCI and IAB node ignores the indication for flexible resource

· Alt 2: 2-bit AI-DCI indication (i.e., availability indication for DL and UL soft resources)
Between above alternatives, Alt 2 seems more efficient since it can reduce the payload of AI-DCI. However, it could increase more specification impact. On the other hand, Alt 1 may be less efficient in the context of DCI payload, but it has less specification impact. Considering the fact that Alt 2 is an optimization and we are on the CR phase, we prefer Alt 1 based solution. 

Proposal 2: Reuse current AI-DCI for dynamic availability indication of DL/UL soft resource for paired spectrum, and IAB-node DU ignores the availability indication for flexible soft resource. 

The proposed TP based on Proposal 2 is provided in Annex 2.

3 Summary
In this contribution, we provide our views on IAB resource multiplexing as follows.
Observation 1: The resource overlapping can be happened for both of IAB-node MT Tx to IAB-node MT Rx and IAB-node MT Rx to IAB-node MT Tx transition cases, and guard symbols for IAB-node MT needs to be defined for both cases

Observation 2: RAN1 needs to clarify the default multiplexing capability between IAB-node DU and IAB-node MT in case of paired spectrum. 
Proposal 1: 38.213 specification corresponding to the location of guard symbols for transition between IAB node MT and IAB node DU should be clarified to have common understanding between parent and IAB-node as Guard symbols that will not be used for the IAB-node MT are located before and after a set of symbol(s) where a symbol in the set of consecutive symbols includes

· a symbol configured as hard

· a symbol configured as soft and the IAB-node MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available
· a symbol equivalent to being configured as hard.
Proposal 2: Reuse current AI-DCI for dynamic availability indication of DL/UL soft resource for paired spectrum, and IAB-node DU ignores the availability indication for flexible soft resource. 

Annex 1. 
14. 
Integrated access-backhaul operation 

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


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
-
the IAB-node MT does not transmit or receive in the symbol, or

-
the IAB-node MT would transmit or receive in the symbol, and the transmission or reception in the symbol is not changed due to a use of the symbol by the IAB-node DU, or

-
the IAB-node MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available

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 transmit a SS/PBCH block, PDCCH for Type0-PDCCH CSS sets configured by pdcchConfigSIB1, 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.

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 before and after a set of symbol(s) where a symbol in the set of consecutive symbols includes
-
a symbol configured as hard
-
a symbol configured as soft and the IAB-node MT detects a DCI format 2_5 with an AI index field value indicating the soft symbol as available
-
a symbol equivalent to being configured as hard
A SCS configuration for the number of symbols is provided by guardSymbol-SCS.

-------------------------------------------------------- Omitted -----------------------------------------------------
Annex 2. Text proposals on 38.213
14. 
Integrated access-backhaul operation 

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

If an IAB-node is provided an AvailabilityIndicator, the IAB-node is provided an AI-RNTI by ai-RNTI and a payload size of a DCI format 2_5 by dci-PayloadSize-AI. The IAB-node is also provided a search space set configuration, by SearchSpace-IAB, for monitoring PDCCH.
For each serving cell of an IAB-node DU in a set of serving cells of the IAB-node DU, the IAB-node DU can be provided: 

-
an identity of the IAB-node DU serving cell by iabDuCellId-AI
-
a location of an availability indicator (AI) index field in DCI format 2_5 by positionInDCI-AI
-
a set of availability combinations by availabilityCombinations, where each availability combination in the set of availability combinations includes

-
resourceAvailability indicating availability of soft symbols in one or more slots for the IAB-node DU serving cell, and 

-
a mapping for the soft symbol availability combinations provided by AvailabilityCombination to a corresponding AI index field value in DCI format 2_5 provided by availabilityCombinationId
The IAB-node DU can assume a same SCS configuration for availabilityCombinations for a serving cell as an SCS configuration provided by IAB-DU-Resource-Configuration-TDD-Config for the serving cell.

An AI index field value in a DCI format 2_5 indicates to an IAB-node DU a soft symbol availability in each slot for a number of slots starting from a slot where the IAB-node detects the DCI format 2_5. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_5 as provided by SearchSpace-IAB. The AI index field includes [image: image8.wmf](

)

é

ù

{

}

1

,

1

maxAIindex

log

max

2

+

 bits where maxAIindex is the maximum of the values provided by corresponding availabilityCombinationId. An availability for a soft symbol in a slot is identified by a corresponding value resourceAvailability as provided in Table 14.2. For paired spectrum, IAB-node DU ignores an availability for a flexible soft resource.
Table 14.2: Mapping between values of resourceAvailability elements and types of soft symbol availability in a slot
	Value
	Indication

	0
	No indication of availability for soft symbols

	1
	DL soft symbols are indicated available 

No indication of availability for UL and Flexible soft symbols

	2
	UL soft symbols are indicated available 

No indication of availability for DL and Flexible soft symbols

	3
	DL and UL soft symbols are indicated available 

No indication of availability for Flexible soft symbols

	4
	Flexible soft symbols are indicated available 

No indication of availability for DL and UL soft symbols

	5
	DL and Flexible soft symbols are indicated available 

No indication of availability for UL soft symbols

	6
	UL and Flexible soft symbols are indicated available 

No indication of availability for DL soft symbols

	7
	DL, UL, and Flexible soft symbols are indicated available


If a PDCCH monitoring periodicity for DCI format 2_5 is smaller than a duration of an availability combination of soft symbols over a number of slots that the IAB-node MT obtains at a PDCCH monitoring occasion for DCI format 2_5 by a corresponding AI index field value, and the IAB-node MT detects more than one DCI formats 2_5 indicating an availability combination of soft symbols in a slot, the IAB-node MT expects that each of the more than one DCI formats 2_5 indicates a same value for the availability combination of the soft symbols in the slot.

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