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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
New WID [1] on Enhancements to Integrated Access and Backhaul has been approved as following. 
	Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.


In this contribution, we provide our view on resource multiplexing between child and parent links of an IAB node to support simultaneous transmission and/or reception of collocated MT and DU.
2. Discussion
2.1. Resource multiplexing 
Applicability of multiplexing capability 
In RAN1#104-e e-meeting, the following agreements were achieved regarding resource multiplexing capability determination. 
	[bookmark: _Ref47611253]Agreement
Support indication/reporting of information between an IAB node and its parent node to assist in the determination of the applicability of a given multiplexing capability in case of simultaneous operation. The following solutions are considered (other solutions not precluded):
· Temporal applicability of a given multiplexing capability 
· Time/frequency resource restrictions (e.g. access vs. backhaul links, DL vs. UL resources)
· Indications of conditions/reporting information required to realize the given multiplexing capability, (e.g. timing mode, power control, guard symbols, etc.)
· FFS: channels/signals used for indicating/reporting information


As discussed in the previous meeting, the applicability of a given multiplexing capability is impacted by both long-term and short-term factors, e.g., panel selection, interference, timing, transmit power, capability indication, etc. Thus, it would be flexible for IAB node to implement a given multiplexing case. Straightforwardly, it can be up to IAB node implementation to flexibly decide whether to apply a given multiplexing case. However, the use of a given multiplexing case by IAB node would impact parent DU behavior, thus RAN1 supports indication/reporting of information between an IAB node and its parent node to assist in the determination of the applicability of a given multiplexing capability.  
On one side, IAB node can report assistance information to parent node, then the parent node directly indicates one or several mutltiplexing cases which the IAB node can implement; on the other side, parent node can indicate some conditions under which the IAB node can/cannot implement a given multiplexing case. It is understood that the two solutions are not contradictory to each other, both assistance information report and conditions indication can be applied based on different long-term/short-term factors and/or different multiplexing cases. The detailed analysis will be performed as following. 
Timing mode
For multiplexing Case A (i.e., MT TX, DU TX), whether IAB node applies case 6 timing or not will impact UL timing of parent node DU. Thus whether IAB node requires case 6 timing for multiplexing case A needs to be reported to parent node. Then, the parent node decides whether/when multiplexing Case A is allowed for IAB node, e.g., when parent node decides to use legacy UL timing reception, it will disable the simultaneous transmission at IAB node which requires case 6 timing mode. 
Interference 
For multiplexing Case B (i.e., MT RX, DU RX) and Case C (i.e., MT TX, DU RX), the interference to DU RX due to MT TX/RX should be controlled by the parent node. One method is that the interference level (e.g., CQI) is reported to parent node as assistance information. Then, the parent node can enable/disable case B or case C; the other method is that parent node set condition related to interference and multiplexing cases. When the condition is met, the corresponding multiplexing case (i.e., multiplexing case B or multiplexing case C) can be applied to IAB node. 
Power
For multiplexing case A and B, if DU and MT share PA, it is required that the TX PSD or RX PSD between DU and MT should be balanced. Thus IAB node can report the expected TX PSD (in the form of UL power control signaling) or RX PSD (in the form of DL power control signaling), then parent node can decide to enable/disable the multiplexing case based on whether the expected PSD requirement can be satisfied or not. 
For multiplexing case D (i.e., MT RX, DU TX), since DU transmission will interfere MT RX severely, IAB node can report the desired DL transmission power, then parent can decide to enable/disable the multiplexing case based on whether the desired transmission power is acceptable or not.  
Beam
The discussion on beam coordination between DU and MT is performed in section 2.1.4. Generally, parent node can decide whether to enable/disable a given multiplexing mode based on expected MT UL/DL beam direction reported by IAB node. 
Therefore, we propose the following.
Proposal 1: IAB MT reports parent node the supported timing mode, interference information, desired DL/UL power and desired DL/UL beam to assist parent node to indicate the applicability of a given multiplexing case. 
· FFS the form of the reported information, including whether to reuse legacy parameter to reflect some of the reported information. 
· FFS whether some of the information is indicated from parent node to IAB node, and the IAB node decides the applicability of a given multiplexing case accordingly.
Adaptation of multiplexing operation 
	Agreement
Adaptation of an IAB-node’s multiplexing operation is supported. The adaptation may be based on multiple factors, for example (not necessary to support all of the following):
· Resource type (D/U/F) at the IAB-DU and IAB-MT 
· Specific sets of time/frequency resources
· Certain conditions being met (e.g. supported timing modes, power control enhancements (if supported), etc.)
FFS:  Mechanisms for informing/coordination the change in multiplexing operation(s) between child and parent nodes (including whether the adaptation is dynamic or semi-static)
FFS: Need for explicit linkage between indicated multiplexing operations and other features/enhancements – e.g. number of required guard symbols, supported timing modes, and power control enhancements (if supported)


In RAN1#104bis-e e-meeting, it has been agreed to support adaptation of an IAB-node’s multiplexing operation, where the ‘adaptation of an IAB-node’s multiplexing operation’ means change of multiplexing modes on a specific set of time/frequency resource. 
Based on the agreement made in RAN1#104bis-e e-meeting, it should be further studied whether the ‘adaptation’ is dynamic or semi-static. In our opinion, both dynamic and semi-static adaptation should be supported. According to the discussion on the multiplexing capability, the applicability of a given multiplexing capability of IAB may dynamically change according to the circumstance of the network, thus parent nodes needs to dynamically enable/disable a given multiplexing case on a given resource. Moreover, whether to enable/disable a given multiplexing case can also depend on CU determination from system performance perspective, e.g., CU decrease CLI on a given resource by semi-statically disabling a given Rel-17 multiplexing case. Therefore, based on the above discussion, the following proposal is made.
Proposal 2: Support both semi-static and dynamic adaptation of an IAB-node’s multiplexing operation on a given set of time/frequency resources.
The adaptation of an IAB-node’s multiplexing operation can be achieved by indicating the allowance of a given multiplexing mode on a set of resource(s). One method for the indication is to reuse existing NA/S-INA indication to disable the IAB DU operation on the corresponding occasions. On the NA/S-INA resources, only TDM multiplexing is used; on H/S-IA resources, a Rel-17 multiplexing cases can be used based on TDD indication of DU and MT. Another method is to indicate a time window in which the IAB node is allowed to perform a given Rel-17 multiplexing modes, and IAB node fallback to Rel-16 multiplexing mode (i.e., TDMed multiplexing mode) when out of the corresponding windows. 
Proposal 3: Support to indicate the allowance of a given multiplexing case on a given set of time/frequency resources by parent node/CU.
Moreover, IAB node implementation can decide whether to enable a Rel-17 multiplexing mode or fallback to TDMed multiplexing mode on a given set of time/frequency resources, and report the expectation to parent node, thus parent node will adjust transmission parameter or perform resource scheduling accordingly. For example, when IAB node would not follow the constraint of a given multiplexing case (e.g., IAB does not follow case 7 timing mode constraint due to scheduling of AL UE), IAB node can report the fallback to parent node/CU. 
Proposal 4: Support IAB node to report the expected operation (e.g., simultaneous operation or TDM operation) on a given set of time/frequency resources to parent node/CU.  
Frequency domain resource management
	Agreement
The extension of the semi-static DU resource type indication to frequency-domain resources within a carrier (in addition to existing Rel-16 per-carrier granularity) for H/S/NA resource types is supported
Agreement
Soft resource availability indications for frequency-domain resources are supported
· FFS enhancements to DCI Format 2_5
· FFS: Separate or joint TDM and FDM indications

Agreement
For the semi-static DU resource configuration in the frequency domain within a carrier, the frequency-domain granularity is configurable
· FFS:  minimum resource size e.g. N PRBs/N RBGs
· FFS: Separate or joint TDM and FDM semi-static DU resource configurations




In RAN1#104bis-e e-meeting, it has been agreed to support H/S/NA resource types in frequency domain and further study separate or joint configuration of the time and frequency domain resource types. Considering signaling overhead, separate configuration is preferred, the indication of frequency resource types can be applied to the H/S resource in the time domain. In our opinion, the NA resource defined in the time domain means that the resource cannot be used by the IAB DU, one of the motivations is to control the inter-cell interference. Considering the backward compatibility, the concept of NA resource in time domain should be reused. Therefore, the availability of the frequency domain resource only takes the hard and soft resource in the time domain into effect. The detailed availability of a resource can be derived according to the following table. 
Table 1 The availability of DU under the availability configuration of time and frequency domain
	Time
Frequency
	Hard(H)
	Soft(S)
	Not Available (NA)

	Hard(H)
	~
	~
	NA

	Soft(S)
	~
	~
	NA

	Not Available (NA)
	~
	~
	NA


Proposal 5: Support separate configuration of time and frequency resource types.
Proposal 6: The availability indication of the frequency resource should be applied to H/S resource in the time domain. 
In RAN1#104bis-e e-emeeting, the dynamic indication of frequency domain resource availability has been supported, and DCI format 2_5 can be enhanced to indicate both time and frequency resources. It was proposed to consider either separate indication or joint indication of time and frequency resources. If joint indication is used, the availability of the time-frequency resource will be jointly encoded which incurs additional specification complexity. If separate indication is used, the methodology of time domain resource availability indication can be reused, the frequency domain availability indication table can be configured in the RRC signaling and the position of the frequency domain resource availability indication in DCI format 2_5 can be configured by the RRC parameter as well. Then, DCI format 2_5 indicates an entry of the configured table for frequency resource availability indication. Thus the time domain and the frequency domain can be indicated flexibly and separately which is beneficial for backward capability. Therefore, we prefer the separate indication of time and frequency resources in DCI format 2_5. 
Proposal 7: Support separate indication of time and frequency resources availability in DCI format 2_5, where different fields in DCI format 2_5 are used for time and frequency resource availability indication.
Spatial domain resource management
In RAN1#104bis-e e-meeting, beam coordination between DU and MT has been discussed and following agreements have been reached. In this section, further discussion on the associated DU and MT beam coordination will be performed.
	Agreement
To facilitate simultaneous operations and interference management, dynamic indication for restriction/usage/availability of beams (in upstream and/or downstream directions) is supported
0. FFS: Applicability to specific multiplexing cases or specific time-frequency resources
0. FFS: Whether IAB-specific enhancements beyond the existing beam management framework are needed to the support the functionality
0. FFS: Impact on the semi-static resource configurations (e.g., extending the H/S/NA resource attributes to the spatial domain)
0. FFS: Whether panel-based granularity is additionally supported


There are two motivations to coordinate the beams between DU and MT. On one side, if DU and MT share a set of panels/beams due to hardware constraint, there would be dependency between DU and MT beam usage. One the other side, the interference to data reception of one unit (DU/MT) also depends on the beam direction of the other unit.
Regarding the panel/beam sharing between DU and MT, one straightforward method is that IAB implementation can semi-statically assign beams for DU and MT respectively, then regardless of multiplexing cases, DU or MT only uses the assigned beams. However, since the semi-statically assigned beams may be wide beams, such straightforward method scarifies beam management flexibility and efficiency, i.e., when there is no DU transmission/reception, the MT still cannot use narrow beam for transmission/reception. To improve the beam management flexibility and efficiency, it is preferred that the beam management is independently performed per multiplexing case, e.g., when there is simultaneous operation between DU and MT, one set of wide beams is trained for MT/DU operation; when DU and MT operation is TDMed, another set of narrow beams is trained for MT/DU operation.
Regarding interference mitigation, it is believed that beam management framework can be reused. To control the IAB MT reception interference, either IAB DU implementation can decide not to schedule UL/DL beams which incur severe interference to MT reception, or IAB MT implementation can report proper CRIs to parent node for which IAB MT reception suffers less from interference. To control the DU reception interference, either IAB DU implementation can schedule proper UL beams which suffer less interference, or IAB MT can report proper SRIs or train proper UL beams which incur less interference to DU reception. The only problem is that the afore-mentioned proper beam direction is changing per multiplexing mode, thus the legacy beam management needs to be enhanced to support per multiplexing case beam training/beam indication, i.e., CRI report is per multiplexing case, UL beam training is per multiplexing case.  
Proposal 8: For the BH link between parent DU and IAB MT, enhance the associated DL/UL beam management as following.
· CRI report is per multiplexing case.
· UL beam training is per multiplexing case. 
Guard symbol
In Rel-16, only TDMed multiplexing mode was supported, and specification supports eight kinds of guard symbol types to handle the potential transition between MT and DU. The eight kinds of guard symbol types can help to avoid operation collision between MT and DU in the switching time in TDMed multplexing mode when only Case 1 timing is applied. 
It was defined that Case 6 and 7 timing mode should be supported. Case 1 timeline and Case 6 timeline could operate in a TDMed manner. Thus, new transition timing between MT and DU exists for the switching from Case 1 timing to Case 6 timing and vice versa. Therefore, additional guard symbol types for new transitions should be defined. If both Case 1 timing mode and Case 7 timing mode are supported, the same issue is observed. Furthermore, the switching between Case 6 and Case 7 also needs to be supported. 
Based on the above analysis, the following proposal is made:
[bookmark: _Ref54097229]Proposal 9: If multiple timing modes are configured in TDMed manner for an IAB node, additional guard symbol types should be defined for new transition cases, e.g., 
· The transition between Case 1 timing mode and Case 6 timing mode; 
· The transition between Case 1 timing mode and Case 7 timing mode；
· The transition between Case 6 timing mode and Case 7 timing mode.  
2.2. Dual-connectivity 
In RAN1#103e and RAN1#104bis-e e-meetings, the scenarios and potential enhancements of IAB DC have been discussed and following agreements have been reached. In this section, further discussion on IAB DC scenario and resource type indication/resource scheduling conflict will be performed.
	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
Agreement
The following enhancements to support intra-band inter-carrier dual connectivity for both inter-donor and intra-donor scenarios are considered (in addition to reusing solutions for inter-band dual connectivity) to support simultaneous Tx and/or Rx at the child IAB-MT to/from both parent links:
· Extending the Rel-16 CA TDD conflict resolution framework for synchronous intra-band NR-DC operation
· Coordinating TDD configurations for the parent nodes (for both intra-donor and inter-donor operation) and coordinating H/S/NA configurations for the child node between donors (at least for inter-donor operation)


Inter-frequency DC v.s. intra-frequency DC
It has been concluded that inter-carrier scenario needs to be handled in Rel-17, while intra-carrier DC scenario is FFS. According to the current specification, NR-DC requires that two legs use different carriers while one practical restriction is that there may be single NR carrier deployed for IAB backhaul access. Intra-frequency DC can in principle remove this barrier. Therefore, it is beneficial to support intra-frequency DC in IAB network.
Observation 1: Current NR-DC requires two legs to use different carrier, which means NR-DC is not available when single carrier is deployed according the current spec, while intra-frequency DC can remove this barrier. 
Proposal 10: RAN1 supports both intra-carrier DC and inter-carrier DC. 
Scheduling/resource indication conflict between MT MCG and SCG
In RAN1#104bis-e e-meeting, it has been agreed to reuse Rel-16 CA framework as starting point to address resource coordination/scheduling collision issues between parent nodes. 
In Rel-16 CA, UE can be configured with multiple serving cells which are subject to half duplex constraint. To handle the UL/DL overlapping issue, RAN1 has specified scheduling/resource indication restriction for gNB to avoid the full duplex scheduling, where UE is not expected to be scheduled/indicated with the link direction conflict across serving cells, i.e., DL in cell #1, while UL in cell #2. Moreover, prioritization rules between transmission and reception have been specified in case of conflicted scheduling/resource indication.
In IAB DC scenario, the prioritization rule specified in CA scenario can be reused to address UL/DL conflict between MCG and SCG. However, RAN1 needs more study on how to extend the scheduling restriction/resource indication restricton from CA scenario to DC scenario. Since MCG and SCG are controlled by different parent DUs in DC scenario, it is challenging for different parent nodes to achieve the mutual awareness of scheduling information or resource indication information considering the signaling overhead and signaling exchange latency.  For simplicity, it is preferred to exchange semi-static resource configuration between parent DUs, and corresponding scheduling restriction based on the semi-static resource configuration can be specified for DC scenario.  
Proposal 11: To handle link direction conflict between MCG and SCG, Rel-16 CA TDD conflict resolution framework is extended to DC scenario as following. 
· Reuse the prioritization rules in case of UL/DL conflict.
· [bookmark: _Ref47611271][bookmark: _Ref47611245]Reuse scheduling restriction/resource indication restriction between CCs based on semi-static TDD configurations on the CCs.
DU resource type indication conflict
Moreover, when an IAB-node connects to two parent nodes simultaneously, it may receive DU resource indication from two parent nodes independently, such as resource type indication, thus the IAB-node may have to follow control information from MCG and/or SCG. If the control information received from MCG and SCG are not well aligned, some confusion will be incurred at the IAB-node. For example, When TDMed capability between DU and MT is assumed, and MT is dual connected via MT cell #1 (of MCG) and MT cell #2 (of SCG) where IAB node DU cell #1 corresponds to MT cell #1 and DU cell #2 corresponds to MT cell #2, if indication from MCG indicates DU cell #1 to use a certain slot (i.e., the slot is available to DU), while indication from SCG indicates DU cell #2 not to use the slot (i.e., the slot is not available to DU), then IAB node is confused on whether DU or MT to perform corresponding operation. 
To resolve such ambiguity, corresponding enhancements on both semi-static and dynamic resource type indication should be considered. On one side, semi-static DU resource type configuration on DU cell #1 and DU cell #2 should be aligned from implementation perspective. On the other side, when the dynamic resource type indication (e.g., resource availability indication as in Rel-16 IAB) from MCG and SCG intends different DU/MT behavior, corresponding DU/MT behavior should be clarified. Moreover, exchange of dynamic resource type indication between parent nodes is also beneficial for indication coordination.
Proposal 12: RAN1 to handle the following aspects regarding DU resource type indication conflict. 
· Clarify IAB DU/MT behavior when receiving different dynamic resource type indication (e.g., DCI format 2_5) from MCG and SCG. 
· Report soft resource availability from child node to parent node(s).
3. Conclusion
This contribution focus on resource multiplexing between child and parent links and the following are proposed,
Proposal 1: IAB MT reports parent node the supported timing mode, interference information, desired DL/UL power and desired DL/UL beam to assist parent node to indicate the applicability of a given multiplexing case. 
· FFS the form of the reported information, including whether to reuse legacy parameter to reflect some of the reported information. 
· FFS whether some of the information is indicated from parent node to IAB node, and the IAB node decides the applicability of a given multiplexing case accordingly.
Proposal 2: Support both semi-static and dynamic adaptation of an IAB-node’s multiplexing operation on a given set of time/frequency resources.
Proposal 3: Support to indicate the allowance of a given multiplexing case on a given set of time/frequency resources by parent node/CU.
Proposal 4: Support IAB node to report the expected operation (e.g., simultaneous operation or TDM operation) on a given set of time/frequency resources to parent node/CU.  
Proposal 5: Support separate configuration of time and frequency resource types.
Proposal 6: The availability indication of the frequency resource should be applied to H/S resource in the time domain. 
Proposal 7: Support separate indication of time and frequency resources availability in DCI format 2_5, where different fields in DCI format 2_5 are used for time and frequency resource availability indication.
Proposal 8: For the BH link between parent DU and IAB MT, enhance the associated DL/UL beam management as following.
· CRI report is per multiplexing case.
· UL beam training is per multiplexing case. 
Proposal 9: If multiple timing modes are configured in TDMed manner for an IAB node, additional guard symbol types should be defined for new transition cases, e.g., 
· The transition between Case 1 timing mode and Case 6 timing mode; 
· The transition between Case 1 timing mode and Case 7 timing mode；
· The transition between Case 6 timing mode and Case 7 timing mode.  
Observation 1: Current NR-DC requires two legs to use different carrier, which means NR-DC is not available when single carrier is deployed according the current spec, while intra-frequency DC can remove this barrier. 
Proposal 10: RAN1 supports both intra-carrier DC and inter-carrier DC. 
Proposal 11: To handle link direction conflict between MCG and SCG, Rel-16 CA TDD conflict resolution framework is extended to DC scenario as following. 
· [bookmark: _GoBack]Reuse the prioritization rules in case of UL/DL conflict.
· Reuse scheduling restriction/resource indication restriction between CCs based on semi-static TDD configurations on the CCs.
Proposal 12: RAN1 to handle the following aspects regarding DU resource type indication conflict. 
· Clarify IAB DU/MT behavior when receiving different dynamic resource type indication (e.g., DCI format 2_5) from MCG and SCG. 
· Report soft resource availability from child node to parent node(s).
4. [bookmark: _Ref503565531][bookmark: _Ref493791948][bookmark: _Ref503565490][bookmark: _Ref510367705]Reference
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