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Introduction
This contribution presents ETRI’s views on IAB resource multiplexing enhancements.

Discussion
Details on resource multiplexing for simultaneous operations
[bookmark: _Hlk61277188]The following agreements and FFS points on IAB resource multiplexing had been made in RAN1#103-e meeting [1]:
Table 1. Agreements from RAN1#103-e
	Agreement
The Rel-16 IAB-DU resource types (Soft/Hard/NA) are the starting point for supporting resource multiplexing for simultaneous operation cases in Rel-17. 
· FFS: Whether resource type definitions need to be extended to frequency domain resources 
· FFS: Coexistence of simultaneous operation resources and TDM resources
· FFS: Whether new rules governing cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT in case of simultaneous operation are necessary

Agreement
Further consider different applicability restrictions/conditions for simultaneous operation multiplexing cases:
· FFS: Whether a given case is only applicable for certain resource types or combinations: e.g. DL access, DL backhaul, UL access, UL backhaul
· FFS: Network (including parent node) awareness of a child IAB node’s ability to support simultaneous operation due to short-term and long-term factors including panel selection, interference, timing, transmit power, capability indication etc.
· FFS: Necessary differentiation for paired spectrum vs. unpaired spectrum
· FFS: Whether specific enhancements are defined for full-duplex cases vs. being left to implementation (as in Rel-16)
· Note: There should not be any impact on legacy UE behavior

Agreement
The Rel-16 explicit indication of soft resources by DCI Format 2_5 is supported for simultaneous operation cases in Rel-17. 
· FFS: Whether/how to extend DCI Format 2_5 to frequency domain resources and/or paired spectrum
· FFS: Coexistence of simultaneous operation resources and TDM resources

Agreement
The explicit indication of soft resources by DCI Format 2_5 is supported for multi-parent scenarios in Rel-17.
· FFS: Whether additional enhancements over the Rel-16 solution are needed



From ETRI’s perspective, the following discussions have high priority to address the FFS points above:
· The existing Rel-16 IAB signaling including IAB-node capabilities on simultaneous operations.
· Configuration and/or indication of simultaneous operations in Rel-17.
· Other enhancements to support efficient simultaneous operation including BD/CCE enhancements.

Although RAN1 specifications do not support any specific IAB-DU/MT behaviors for simultaneous operation in Rel-16, TS38.473 has clarified a capability signaling to indicate which types of simultaneous operations can be supported by the IAB-node [2]. As captured by Table 2, multiplexing capabilities between the gNB-DU’s cell and the cells configured on the collocated IAB-MT can be reported “per cell”. Given that Rel-16 F1AP already provides IAB-node implementation flexibility with cell-level granularity, it is desirable to consider the same or even finer configurations (e.g. per BWP) for Rel-17 RAN1 specification supports on the frequency domain resource/resource type configuration and/or indication. One of the most intuitive way to reflect this observation is to introduce a higher-layer parameter to configure IAB-DU resource types in the frequency domain where the configuration granularity of the parameter should contain “per cell”. 

[bookmark: _Ref61256963]Table 2. Multiplexing Info IE in subclause 9.3.1.108 of TS38.473
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	IAB-MT Cell List
	
	1
	
	

	>IAB-MT Cell Item
	
	1 .. <maxnoofServingCells>
	
	

	>>NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	Cell identity of a serving cell configured for a collocated IAB-MT.

	>>DU_RX/MT_RX
	M
	
	ENUMERATED (supported, not supported)
	An indication of whether the IAB-node supports simultaneous reception at its DU and MT side.

	>>DU_TX/MT_TX
	M
	
	ENUMERATED (supported, not supported)
	An indication of whether the IAB-node supports simultaneous transmission at its DU and MT side.

	>>DU_TX/MT_RX
	M
	
	ENUMERATED (supported, not supported)
	An indication of whether the IAB-node supports simultaneous transmission at its DU and reception at its MT side.

	>>DU_RX/MT_TX
	M
	
	ENUMERATED (supported, not supported)
	An indication of whether the IAB-node supports simultaneous reception at its DU and transmission at its MT side.



Observation 1: The existing signaling, i.e. multiplexing information in TS38.473, can report simultaneous operation capabilities of the IAB-node “per cell”

Proposal 1: Introduce a higher-layer parameter to configure IAB-DU resource types in the frequency domain.
· Granularity of the configuration should be equal to or smaller than “per cell”

As discussed in RAN1#103-e, simultaneous operation of an IAB-node may impact non-IAB networks as well as IAB network itself. Per various situations such as relative traffic load between IAB/non-IAB networks (e.g. low traffic load for IAB network and high traffic load for non-IAB network), or different vertical types between IAB/non-IAB networks (e.g. eMBB for IAB network and URLLC for non-IAB network), the whole network may want to minimize the potential interference from IAB network to non-IAB network. In this case, the semi-static configuration of simultaneous operation by the higher-layer parameter(s) above might not be enough to deal with the dynamic nature of network environments. Therefore, it is required to extend the existing DCI format 2_5 for dynamic indication of simultaneous operation(s).
Extension of the mapping between values of resourceAvailability elements and types of soft symbol availability could be the first alternative to enable frequency domain resource type indication. Table 3 shows an example of the revised mapping between resourceAvailability and the dynamic indication. In this case, the same mapping with Rel-16 is reused for the values from 0 to 7 and the additional values from 8 to 14 can indicate use of simultaneous operation(s) on the frequency domain (per cell in this example). 

[bookmark: _Ref61266497]Table 3. Mapping between values of resourceAvailability elements and types of soft symbol availability in a slot and a given cell.
	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

	8
	DL and SO (simultaneous operations) soft symbols are indicated available 
No indication of availability for UL and Flexible soft symbols

	9
	UL and SO soft symbols are indicated available 
No indication of availability for DL and Flexible soft symbols

	10
	DL, UL and SO soft symbols are indicated available 
No indication of availability for Flexible soft symbols

	11
	Flexible and SO soft symbols are indicated available 
No indication of availability for DL and UL soft symbols

	12
	DL, Flexible and SO soft symbols are indicated available 
No indication of availability for UL soft symbols

	13
	UL, Flexible and SO soft symbols are indicated available 
No indication of availability for DL soft symbols

	14
	DL, UL, Flexible, and SO soft symbols are indicated available

	15
	Reserved



Through the extensions as in Table 3, it is able to secure high flexibility to control IAB-DU’s simultaneous operation. However, Table 3 makes a hard association between time domain resource availability and frequency domain resource availability in terms of indication periodicity and applicable duration. In other words, when the desired values of indication periodicities for time and frequency domains are quite different, the shorter one should be the reference always and the signalling overhead could be increased, consequently. As the second alternative to address this issue, a new RNTI can be introduced to distinguish time domain resource availability indication and frequency domain resource availability indication. For instance, the IAB-node can apply the DCI for time domain resource availability when the DCI is scrambled with AI-RNTI. Otherwise (i.e. when the DCI is scrambled with the new RNTI), the IAB-node can assess that the DCI is utilized for frequency domain resource availability.

Proposal 2: Enhance DCI format 2_5 to enable frequency domain resource availability indication.
· Alt.1: Extend of the mapping between values of resourceAvailability elements and types of soft symbol availability to frequency domain resource availability.
· Alt.2: Introduce a new RNTI to indicate frequency domain resource availability.

In Rel-16 mTRP (multi-TRP), the calculation rules for BD/CCE limits are enhanced due to the increasing DCI overhead to support multi-DCI based mTRP features. For example, Rel-16 gNB can configure a UE to consider a cell as two different cells if the cell is configured with multi-DCI based mTRP (so the cell can double its BD/CCE budget). Since Rel-17 eIAB has similar demands to have higher DCI overhead for various simultaneous operations including resource availability indication, DL power control, etc., it would be beneficial to study BD/CCE limits enhancement for eIAB as well. For instance, an IAB-MT can be configured to consider a cell with DU/MT simultaneous operations as >1 cells while a cell without simultaneous operations can still be taken into account as 1 cell.

Proposal 3: Study BD/CCE limits enhancement to allocate more BD/CCE budgets for the cells with simultaneous operations.

Support of intra-carrier DC for multi-parent nodes
The following agreements and FFS points on DC scenarios for IAB had been made in RAN1#103-e and RAN#90-e meetings [1], [3]:
Table 4. Agreements from RAN1#103-e
	Agreement
From a RAN1 perspective, at least intra-donor multi-parent operation is supported in Rel-17 
· FFS: Inter-donor operation pending additional input from RAN2/RAN3
 
Agreement
From a RAN1 perspective, resource multiplexing and coordination is supported for the following DC scenarios in Rel-17.
· Inter-carrier, inter-band 
· Inter-carrier, intra-band is additionally supported at least for FR2 
· At least to the extent it reuses solutions for supporting Inter-carrier, inter-band
· FFS: whether specific enhancements for inter-carrier, intra-band DC are introduced in Rel-17



Table 5. A conclusion from RAN#90-e
	RP-202858 Moderator's summary for email discussion [90E][29][IAB_DC]:
conclusion: proposal is endorsed
is replaced by RAN chairman's reflector conclusion:
conclusion: RAN chairman: It seems we do not have consensus to include intra-carrier DC for IAB at this stage. We can certainly re-visit this in a future meeting, but I would encourage the proponents to do that only if there is evidence that positions of several opposing companies have changed.



As copied above, three types of DC scenarios, i.e. “inter-carrier and inter-band”, “inter-carrier and intra-band”, “intra-carrier and intra-band”, had been discussed but RAN and RAN1 have not found a common ground between companies yet. From our understanding, while we try to assess whether some of the DC scenarios listed above are supported by the existing specifications or not, one of the most important part should be the supported band and band combination for DC. From the latest specifications in TS38.101-1, TS38.101-2, and TS38.101-3, we failed to see the explicit descriptions on band or band combination for intra-band NR-DC. Consequently, it would be fair to assume that there is no NR band in which intra-band NR-DC can be operated. 
As highlighted in Table 6, however, an example that a single band could be utilized for NR-DC can be one exception, although we are still not sure whether this description can be generally applied for all band or band combinations without any restriction regardless of the descriptions in TS38.101-1/-2/-3. It would be worth to note that the terminology of “any permutations of carriers” seems hard to be applied for “intra-carrier DC” scenario, since it is stressed that this sentence stands for the case when a single band entry comprises more than two carriers. 

[bookmark: _Ref61271177]Table 6. Rel-16 UE capability on asynchronous NR-DC
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	asyncNRDC-r16
Indicates whether the UE supports asynchronous NR-DC with MRTD and MTTD as specified in clause 7.5 and 7.6 of TS 38.133 [5]. If the band combination is comprised of a single band entry for more than two carriers, the UE shall support any permutations of carriers to CGs.  If the band combination is comprised of at least two band entries, the carriers corresponding to a band entry shall belong to only one cell group.
A UE indicating this capability shall support asynchronous NR-DC configuration where all serving cells of the MCG are in FR1 and all serving cells of the SCG are in FR2.
	BC
	FFS
	No
	No



Observation 2: Intra-carrier DC has not been captured by Rel-15/-16 NR specifications
· TS38.101-1/-2/-3 have no descriptions even for intra-band NR-DC. I.e., there is no clear NR band in which intra-band NR-DC can be operated.
· Rel-16 UE capability parameter “asyncNRDC-r16” clarifies UE requirements for the case when the band combination for DC is comprised of a single band entry for more than two carriers.
· However, it is hard to assume that the wording “any permutations of carriers” was meant to intra-carrier DC

Although the current specifications are not intended for intra-carrier DC, it is true that intra-carrier DC is one of the most feasible solution to allocate multiple parent nodes within a single cell. During Rel-17 eIAB discussions, one camp has raised a concern that (resource) coordination across parent nodes that has not been intensively discussed yet and it cannot be handled by the allocated TUs in Rel-17. From our understanding, however, if the IAB-MT supports Rel-16 mTRP features (and potentially Rel-17 mTRP features as well), SDM and/or FDM of resources for two parent nodes should be doable for that IAB-MT without tight coordination between the parent nodes. If it is burdensome to support one of SDM and/or FDM from a vendor perspective, then the prioritization rule for Rel-16 TEI on half duplex CA can be additionally considered to reduce the implementation complexities.

Proposal 4: Consider to handle intra-carrier DC in the future releases
· Joint operation of “mTRP” + “Rel-16 TEI on half duplex CA” can be a good starting point for dual parent IAB via intra-carrier DC

Conclusion
In this contribution, ETRI’s views on IAB resource multiplexing were shown and the following observations and proposals were made:
Observation 1: The existing signaling, i.e. multiplexing information in TS38.473, can report simultaneous operation capabilities of the IAB-node “per cell”
Observation 2: Intra-carrier DC has not been captured by Rel-15/-16 NR specifications
· TS38.101-1/-2/-3 have no descriptions even for intra-band NR-DC. I.e., there is no clear NR band in which intra-band NR-DC can be operated.
· Rel-16 UE capability parameter “asyncNRDC-r16” clarifies UE requirements for the case when the band combination for DC is comprised of a single band entry for more than two carriers.
· However, it is hard to assume that the wording “any permutations of carriers” was meant to intra-carrier DC

Proposal 1: Introduce a higher-layer parameter to configure IAB-DU resource types in the frequency domain.
· Granularity of the configuration should be equal to or smaller than “per cell”
Proposal 2: Enhance DCI format 2_5 to enable frequency domain resource availability indication.
· Alt.1: Extend of the mapping between values of resourceAvailability elements and types of soft symbol availability to frequency domain resource availability.
· Alt.2: Introduce a new RNTI to indicate frequency domain resource availability.
Proposal 3: Study BD/CCE limits enhancement to allocate more BD/CCE budgets for the cells with simultaneous operations.
Proposal 4: Consider to handle intra-carrier DC in the future releases
· Joint operation of “mTRP” + “Rel-16 TEI on half duplex CA” can be a good starting point for dual parent IAB via intra-carrier DC
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