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[bookmark: OLE_LINK1]Introduction
Regarding enhancements for simultaneous operation of IAB-node’s child and parent links, RAN1#102e have made the following conclusions and agreements [1]. 
· At least existing Rel-16 bands supporting IAB can be considered when evaluating the feasibility/impact of supporting different multiplexing cases.
· The Rel-16 semi-static and dynamic resource allocation mechanisms are the starting point for supporting Rel-17 multiplexing cases. 
· FFS: Applicability for different IAB-DU resource types
· FFS: Cell-specific/semi-static signals and channels at the IAB-DU and/or IAB-MT
· Based on the WID, the following multiplexing cases are in scope for potential support in Rel-17:
· Multiplexing Case A: Simultaneous MT-Tx/DU-Tx 
· Multiplexing Case B: Simultaneous MT-Rx/DU-Rx 
· Multiplexing Case C: Simultaneous MT-Rx/DU-Tx 
· Multiplexing Case D: Simultaneous MT-Tx/DU-Rx 
· Further study for Case A and Case B at least the following scenarios:
· Single or multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands)
· Further study for Case C and Case D at least for the following scenarios:
· Multi-panel IAB nodes operating in unpaired spectrum (FR1 and FR2 bands) 
· FFS: Required level of specification impact to support the different cases. Any additional specification support in Rel-17 should be conditioned on feasibility from an interference and reliability perspective on a per-link and network basis 
· For companies to further consider: Whether the following characteristics of the IAB node implementation will impact the operation of different resource multiplexing cases, including resource partitioning (i.e. identify whether there is a need for potential specification impact/enhancements compared to Rel-16 if the characteristic is or is not supported by an IAB node):
· Baseband (mis)timing alignment between IAB-MT and IAB-DU
· Separate vs. shared antenna panels/RF front-end for IAB-MT/IAB-DU
· Separate vs. shared baseband for IAB-MT/IAB-DU
· Transmitter/receiver implementation
· Self-interference cancellation
· Power control mechanisms
· For companies to further consider: Different resource partitioning scenarios for access and backhaul links, including their respective implication on interference, for different resource multiplexing cases. Examples include:
· Whether a given case is only applicable for certain resource types: e.g. DL only, UL only, DL + UL
· Whether a given case is only applicable for backhaul links or both access and backhaul links
· Note: This should have no impact on legacy UE behavior
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 should strive to minimize specification impact due to this feature
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)
Regarding dual-connectivity scenario in the context of topology redundancy for improved robustness and load balancing, RAN1#102e have made the following conclusions and agreements [1]. 
· At least the inter-carrier DC scenario can be considered in Rel-17. Further discussion in RAN3/RAN Plenary may be necessary for the intra-carrier DC scenario.
· Reuse by IAB-MT of existing Inter-frequency DC is considered as a starting point to support concurrent BH links to two parents. 
· FFS: Reuse of multi-TRP transmission resource allocation features (if intra-freq DC scenario is supported for IAB)
· FFS: Additional specification effort to support IAB
· For companies to further consider: The following categories of enhancements have been proposed to support DC scenarios (not an exhaustive list):
· Inter-parent DU resource coordination mechanisms and signaling
· Resource allocation/scheduling conflict resolution rules at the parent or child node
· Per-link IAB-DU resource configurations at the parent node
In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 
Resource Configuration Enhancements to Support Simultaneous Operations
When simultaneous operations are supported, we need to further investigate existing Rel-16 resource configuration mechanisms (semi-static, dynamic, priority rule, etc) for enhancements regarding different multiplexing scenarios.  
H/S/NA Resource Colliding with Simultaneous Operations
In Rel-16 IAB DU semi-static resource configuration, hard/soft/not available (H/S/NA) attributes have been additionally provided per-resource type with downlink/uplink/flexible (D/U/F) resource configuration, to facilitate TDM between parent and child links of an IAB node. When simultaneous operations are supported, some H/S/NA behaviours in Rel-16 IAB need to be enhanced. Note that since one IAB node may only support part of the four simultaneous operations (MT TX/DU TX, MT RX/DU RX, MT TX/DU RX, MT RX/DU TX), H/S/NA attributes still need to be provided to TDM MT/DU operation that cannot be simultaneous conducted.   
When H/S/NA attributes collide with simultaneous operations, the following new behaviours can be defined: 
1. For Hard (H) or soft indicated available (S-IA) DU resources: 
When DU performs transmission or reception, MT can also perform transmission or reception if simultaneous operation allows. 
2. For Not Available (NA) or soft not indicated available (S-INA) DU resources:  
When MT performs transmission or reception, DU can also perform transmission or reception if simultaneous operation allows. 
Regarding H/S-IA DU resources, we review the following agreements in Rel-16 IAB (RAN1#96bis). 
· In case of Hard or Soft Indicated Available DU resources, no additional exception cases need to be defined for cell specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH).
· The decision on whether to give priority to the DU or to the MT for the use of the resource (e.g. in case of MT RACH transmission) is left to the IAB node implementation.
· The IAB shall fulfil its performance requirements in terms of measurement and transmission of cell specific signals / channels.
· An IAB node has the ability to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of all its child IAB nodes.
In Rel-16 IAB, for H/S-IA DU resources, MT can only transmit or receive cell specific signals/channels (e.g. SS/PBCH blocks, SI reception, RACH) when IAB node implements to give priority to the MT. With TDM constraint relaxed, firstly, MT can transmit or receive those cell specific signals/channels concurrently to DU’s transmission or reception without being given priority when simultaneous operation allows, which can be fulfilled with IAB node’s implementation. Secondly, parent DU can further schedule DL or UL transmission on the H/S-IA DU resources when simultaneous operation allows, which can also be fulfilled with parent DU already being aware of the IAB DU’s H/S/NA configuration and the IAB node’s multiplexing capability. Hence, H/S-IA DU resources colliding with simultaneous operations can be fulfilled by existing Rel-16 resource configuration mechanism with behaviour enhancements. No additional signalling is needed.  
Regarding NA/S-INA DU resources, we review the following agreements in Rel-16 IAB (RAN1#97 and RAN1#99). 
· If a DU NA or Soft resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource (Alt. 2 from RAN1#96bis).
· The list of cell-specific signals/channels includes: 
· resources for SSB transmission at DU, including both CD-SSB and non-CD-SSB;
· configured RACH occasions for receiving at the DU
· periodic CSI-RS transmission at the DU
· scheduled resource for receiving SR at DU
· A parent IAB node/donor can be provided with cell-specific signals/channels configurations (as listed in the previous agreements) of each child IAB-DU. How/whether to use the information to handle any potential conflict at the parent IAB node/donor is left to network implementation 
In Rel-16 IAB, for NA/S-INA DU resources, DU can only transmit or receive cell-specific signals/channels as listed. With TDM constraint relaxed, DU can further schedule DL or UL transmission on the NA/S-INA DU resources when simultaneous operation allows, which can be fulfilled with IAB node’s implementation. Hence, NA/S-INA DU resources colliding with simultaneous operations can be fulfilled by existing Rel-16 resource configuration mechanism with behaviour enhancements. No additional signalling is needed.
Proposal 1: Since an IAB node may only support part of the four simultaneous operations, H/S/NA attributes still need to be provided to TDM MT/DU operation that cannot be simultaneous conducted. 
Proposal 2: H/S/NA DU resources colliding with simultaneous operations can be fulfilled by existing Rel-16 resource configuration mechanism with behaviour enhancements. No additional signalling is needed. 
· For H/S-IA DU resources, new behaviors are added as: 
· MT can transmit or receive cell specific signals/channels concurrently to DU’s transmission or reception without being given priority when simultaneous operation allows. 
· Parent DU can further schedule DL or UL transmission on the H/S-IA DU resources when simultaneous operation allows. 
· For NA/S-INA DU resources, new behaviors are added as: 
· DU can schedule DL or UL transmission on the NA/S-INA DU resources when simultaneous operation allows. 
Frequency-Domain Resource Allocation for DU to support Simultaneous Operation in FDM
MT/DU Simultaneous operations at an IAB node can be fulfilled either with SDM or with FDM. In SDM, parent link and child link are separated in spatial domain and we don’t have to separate them in frequency domain. However, in FDM, parent link and child link must be separated in frequency domain. Hence, to support simultaneous operations in FDM, frequency-domain resource allocation for an IAB MT and an IAB DU are needed. 
Currently frequency-domain resource allocation already exists for an IAB MT, with semi-static RRC signalling (BWP configuration) and dynamic DCI indication (frequency domain resource allocation field). As there is no frequency-domain resource allocation defined for an IAB DU in Rel-16 IAB, both semi-static frequency-domain resource configuration (new F1AP signalling) and dynamic frequency-domain resource indication (extend to DCI format 2_5 or a new DCI format) for an IAB DU are needed. 
Proposal 3: For simultaneous operations in FDM, both semi-static frequency-domain resource configuration (new F1AP signalling) and dynamic frequency-domain resource indication (extend to DCI format 2_5 or a new DCI format) for an IAB DU are needed.  
Support for Case#6 and Case#7 Timing Alignment
RAN1#102e has agreed to support Case#6 timing for simultaneous MT-TX/DU-TX operation and Case#7 timing for simultaneous MT-RX/DU-RX operation. We further discuss corresponding TA and signalling enhancements to achieve Case#6 and Case#7 timing alignment. 
Case#7 Timing for Simultaneous MT-RX/DU-RX
In Figure 3.1, we show the timing relationship with Case#7 timing for simultaneous MT-RX/DU-RX operation. The MT RX timing at IAB node is related to parent link propagation delay . The child-MT has timing advance control (original Case#1 timing) of with child link propagation delay . To achieve Case#7 timing for simultaneous MT-RX/DU-RX, child MT’s TX timing needs to be shifted so that the DU RX timing can be aligned to MT RX timing. The shifting offset from Case#1 timing to Case#7 timing can be easily calculated as 
                                                                    2                                                   (1)
The Case#7 TA will become
                                                                                                  (2)
As there is no fixed relationship between propagation delay at parent link () and child link (), the Case#7 TA in Eq.(2) may be negative, which is one issue needs to be addressed for Case#7 timing. The IAB node with Case#7 timing may also need to address the issue of different DU RX timing from child nodes shifted to Case#7 timing and legacy child nodes which are still in Case#1 timing.       
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Figure 3.1: Case#7 for MT RX/DU RX timing alignment illustration
Another issue to enable Case#7 timing at an IAB node is that, when its child IAB MT’s TA is changed from Case#1 TA to Case#7 TA, it will cause issue for the child IAB node to decide its DL TX timing.  
In summary, the following possible issues need to be addressed to enable Case#7 timing at an IAB node: 
· Issue 1: The child IAB MT may have negative Case#7 TA value. 
· Issue 2: The IAB node may have different DU RX timing for child nodes shifted to Case#7 timing and legacy child nodes which are still in Case#1 timing.
· Issue 3: The child IAB node may have issue deciding its own DL TX timing with Case#7 TA. 
TR38.874 has identified three solutions to enable Case#7 timing [2]:
· Alt 1: Introduce negative initial time alignment (TA) for IAB-nodes, to be applied to child nodes of the IAB-node applying case #7 timing;
· Alt 2: Apply a positive TA that enables symbol alignment, but not slot alignment, between the DL reception and the UL reception at the IAB-node;
· Alt 3: Signalling of a relative offset w.r.t the most recent TA value, to be applied to child nodes of the IAB-node applying case #7 timing to achieve an effective negative TA.
For Alt.1, the absolute Case#7 TA timing (which can be negative) is transmitted to the child MT. All three issues listed need to be addressed. Firstly, negative TA signaling need to be accommodated. Secondly, child nodes with Case#7 TA and legacy child nodes with Case#1 TA need to be TDMed for the IAB DU’s uplink reception. Thirdly, for the child IAB node with Case#7 TA, additional signaling needed to inform the child IAB node not to adjust its DL TX timing according to the Case#7 TA. 
For Alt.2, issue 3 needs to be addressed with additional signaling to inform the child IAB node not to adjust its DL TX timing according to the Case#7 TA. In addition, symbol-level alignment is not sufficient in case self-interface cancelation need to be applied.  
For Alt.3, the original Case#1 TA is remained with an additional TA offset transmission. The child IAB MT can calculate its Case#7 TA based on . Issue 1 and issue 3 do not exist anymore. Issue 2 still needs to be addressed by time multiplexing Case#1 and Case#7 uplink transmission for different child nodes.  
Let’s further investigate the TA offset value in Eg. (1). In Rel-16 IAB WI discussion [3], The TA// relationship for Case#1 timing has been given as Figure 3.2, which shows 
                                                                    2                                                                  (3)
where  is the UL to DL switching gap and , which leads to . Hence, the shifting offset 2 from Case#1 timing to Case#7 timing in Eq.(1)  is positive. 
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Figure 3.2 TA// relationship for Case#1 timing [3]
Hence, Alt.3 actually remains the original Case#1 TA with an additional positive TA offset transmission to child IAB node, which is preferred to enable Case#7 timing at an IAB node. 
Observation 1: The following possible issues need to be addressed to enable Case#7 timing at an IAB node: 
· Issue 1: The child IAB MT may have negative Case#7 TA value. 
· Issue 2: The IAB node may have different DU RX timing for child nodes shifted to the new Case#7 timing and legacy child nodes which are still in Case#1 timing.
· Issue 3: The child IAB node may have issue deciding its own DL TX timing with Case#7 TA. 
Observation 2: To enable Case#7 timing at an IAB node, for both the solution of transmitting absolute Case#7 TA (positive or negative) and the solution of Case#7 TA for symbol-level alignment, additional signalling is needed to inform the child IAB node not to adjust its DL TX timing according to the Case#7 TA.
Observation 3: Although the absolute Case#7 TA value at a child MT may be negative, the child MT TX shifting offset from Case#1 timing to Case#7 timing is a positive value.
Proposal 4: To enable Case#7 timing at an IAB node, the solution of transmitting Case#1 TA with an additional positive TA offset to its child IAB node is preferred. The IAB node also needs to time multiplexing uplink transmission at different child nodes with Case#1 TA and calculated Case#7 TA. 
Case#6 Timing for Simultaneous MT-TX/DU-TX
[bookmark: _Hlk54209924]In Figure 3.3, we show the timing relationship with simultaneous MT-TX/DU-TX operation. IAB MT TX timing (original Case#1 timing) has timing advance control of with parent link propagation delay . To achieve Case#6 timing for simultaneous MT-TX/DU-TX at an IAB node, the MT’s TX timing needs to be shifted to align with the DU’s TX timing. The shifting offset from Case#1 timing to Case#6 timing can be easily calculated as
                                                                                                                   (4)
The Case#6 TA will become
                                                                                               (5)
Both the TA offset and the Case#6 TA are positive values. However, when Case#6 TA are transmitted instead of Case#1 TA, the IAB node should not calculate its DL TX timing based on the Case#6 TA. In addition, the parent IAB node needs to address the issue of different parent DU RX timing from IAB nodes shifted to the new Case#6 timing and legacy IAB nodes which are still in Case#1 timing. 
In summary, the following possible issues need to be addressed to enable Case#6 timing at an IAB node: 
· Issue 1: The IAB node may have issue deciding its own DL TX timing with Case#6 TA.
· Issue 2: The parent IAB node may have different parent DU RX timing for IAB nodes shifted to the new Case#6 timing and legacy IAB nodes which are still in Case#1 timing. 
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Figure 3.3: Case#6 for MT TX/DU TX timing alignment illustration

There can be the following solutions to enable Case#6 timing at an IAB node: 
· Alt 1: Transmitting the absolute Case#6 TA from the parent. 
· Alt 2: Transmitting Case#1 TA with an additional positive TA offset.
In both solutions, the parent node needs to time multiplexing uplink transmission at different IAB nodes with Case#1 TA and Case#6 TA. 
For Alt.1, the IAB node may still have the issue of deciding its own DL TX timing with Case#6 TA and may be forced not to adjust DL TX timing whenever MT-TX/DU-TX simultaneous operation is conducted. 
For Alt.2, a unified TA transmission scheme (always transmitting Case#1 TA with an additional positive TA offset if needed) can be applied for both Case#6 and Case#7 timing, which is preferred. Note that, in Alt.2, the additional positive TA offset may not need to be transmitted for Case#6 timing as the IAB node knows its DL TX timing and MT-TX/DU-TX simultaneous operation status. 
Observation 4: The following possible issues need to be addressed to enable Case#6 timing at an IAB node: 
· [bookmark: _Hlk53603300]Issue 1: The IAB node may have issue deciding its own DL TX timing with Case#6 TA.
· Issue 2: The parent IAB node may have different parent DU RX timing for IAB nodes shifted to the new Case#6 timing and legacy IAB nodes which are still in Case#1 timing. 
Proposal 5: To enable Case#6 timing at an IAB node, the solution of transmitting Case#1 TA with an additional positive TA offset (if needed) from its parent node is preferred. The parent node also needs to time multiplexing uplink transmission at different IAB nodes with Case#1 TA and calculated Case#6 TA. 
Proposal 6: A unified TA transmission scheme (always transmitting Case#1 TA with additional positive TA offset if needed) can be applied for both Case#6 and Case#7 timing.  
Support for Dual-Connectivity Scenarios
[bookmark: _Ref510628869]In RAN1#102e, it has been concluded that at least the inter-carrier DC scenarios can be considered in Rel-17. Further discussion in RAN3/RAN plenary may be necessary for the intra-carrier DC scenario. From a RAN1 perspective, firstly, intra-carrier DC has not been supported for Rel-15 or Rel-16 UEs yet. As an IAB MT generally follows similar functionality as a normal UE, it’s better for IAB MT intra-carrier DC discussion to wait until intra-carrier DC has been supported for future release UEs.  Secondly, intra-carrier DC generally requires both parent nodes to communicate/coordinate dynamically with low latency, which cannot be guaranteed in IAB network. Hence, we don’t see strong motivation and urgent needs to support parent links sharing the same time/frequency resources (intra-carrier DC) for IAB, which can be deprioritized for Rel-17 IAB discussion. 
To support IAB DC scenarios, one issue is soft resource availability indication via DCI format 2_5. For an IAB MT with multiple parents, there will be scheduling confusion/conflict for DCI format 2_5 received from different parent nodes indicates different soft resource availability for the same DU resource on IAB node’s child link. For example, in Figure 4.1, parent DU1 has sent DCI format 2_5 to indicate the IAB DU’s soft resource availability, while parent DU2 has no knowledge of that. Then the following transmission between parent DU2 to IAB MT and IAB DU child links may cause collision or interference (depending on whether parent link and child link are co-channel and IAB node’s multiplexing capability). In another example, if IAB MT receives two DCI format 2_5 from both parents and the two DCI format 2_5 carries different values, the IAB DU will get confused how to apply to its soft resources. Hence, further discussion on DCI format 2_5 handling for IAB dual-connectivity scenarios is needed. 
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Figure 4.1: IAB DC scenario illustration
Another issue is Case#7 timing.  Case#7 timing is agreed to be supported in Rel-17 for IAB-nodes operating in simultaneous MT-RX/DU-RX multiplexing scenario, where the UL reception timing of an IAB-node aligned with the IAB-node’s DL reception timing. However, for an IAB MT with multiple parent DUs, there will be multiple IAB-node’s DL reception timing which will cause confusion in Case#7 UL reception timing alignment. In one approach, if an IAB MT and IAB DU has different panels, Case#7 timing alignment constraint may be removed for IAB DC scenarios and only Case#1 timing is applied. In another approach, for an IAB MT with multiple DL reception timings, UL reception timing only aligns to the DL reception timing where the MT-RX/DU RX multiplexing is enabled at that parent link. Further discussion on support of Case#7 timing for IAB dual-connectivity scenarios is needed.   
Another issue is cell-specific resource configuration. In Rel-16, only cell-specific resource configuration is supported, however, when an IAB MT is connected to multiple parent DUs, link-specific resource configuration can differentiate the IAB MT with dual-connectivity from other IAB MTs and coordinate resource configurations between the IAB MT’s multiple parent DUs. Per-link DU resource configuration has additional benefit in interference management (for example, by setting NA resource in a specific link) of adjacent links with different parent DUs. Furthermore, the D/U/F/H/S/NA configuration for each child IAB DU can be different depending on its own semi-static child DU resource configuration, which makes the resource available for each child IAB MT different from each other, hence the per-link resource configuration at an IAB DU can be more flexible to satisfy the different resource availability of each child IAB MT. 
Proposal 7: For enabling dual-connectivity in IAB, only inter-carrier DC is supported in Rel-17.
[bookmark: _Ref510629010]Proposal 8: Further discussion on DCI format 2_5 handling for IAB dual-connectivity scenarios is needed.  
Proposal 9: Further discussion on support of Case#7 timing for IAB dual-connectivity scenarios is needed.  
Proposal 10: For the semi-static DU resource configurations, additionally support per-link configuration.  
Reference SCSs For AI configuration  
In current IAB specification, if an IAB-node is provided an RRC parameter availablityIndicator, the IAB-node DU assumes 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. There is no reference SCS for RRC configuration related to DCI format 2_5. 
Regarding the search space of DCI format 2_5, RAN1#100b-e has made the following agreements [4]. 
· Confirm DCI Format 2_0 and DCI Format 2_5 can be monitored by an IAB-MT in at least a common search space. The same number of aggregation levels and candidates can be separately configured for both DCI Format 2_0 and DCI Format 2_5.
· DCI Format 2_0 is not monitored by an IAB-MT in a UE(MT)-specific search space. DCI Format 2_5 can be additionally monitored by an IAB-MT in a UE(MT)-specific search space. Signaling details (e.g. whether the configuration is in the existing UE-specific search space configuration or a new MT-specific search space configuration is left up to RAN2).
In the agreements as above, DCI format 2_5 can be monitored by an IAB-MT in a common search space, which means one DCI format 2_5 can be sent to a group of IAB nodes for soft availability indication. In this case, each IAB node cannot assume the SCS related to the soft availability indication on its own and reference SCSs will be needed, similar to the reference SCSs in DCI format 2_0 configuration for slot format indication. Also, introduce reference SCSs will facilitate AI indication for paired spectrum. 
Hence, in the RRC IE AvailabilityCombinationPerCell for soft resource availability indication configuration, an IAB node can be provided with reference SCSs as follows. 
AvailabilityCombinationsPerCell-r16 ::=   SEQUENCE {
iabDuCellId-AI-r16               IAB-DU-CellID-AI-r16,
subcarrierSpacing-AI-r16         SubcarrierSpacing,
subcarrierSpacing2-AI-r16        SubcarrierSpacing                              OPTIONAL,
    positionInDCI-AI-r16             INTEGER(0..maxAI-DCI-PayloadSize-r16-1)        OPTIONAL, 
availabilityCombinations-r16     SEQUENCE (SIZE (1..maxNrofAvailabilityCombinationsPerSet)) 
									  OF AvailibilityCombination-r16,
    ...
}
· For unpaired spectrum operation, a reference SCS configuration  is provided by subcarrierSpacing-AI and, when a supplementary UL carrier is configured for the serving cell, a reference SCS configuration  is provided by subcarrierSpacing2-AI for the supplementary UL carrier.
· For paired spectrum operation, a reference SCS configuration  for a DL BWP is provided by subcarrierSpacing-AI and a reference SCS configuration  is provided for an UL BWP by subcarrierSpacing2-AI. 

Proposal 11: Add reference SCSs for soft resource availability indication configuration in the RRC IE AvailabilityCombinationPerCell. 
· For unpaired spectrum operation, a reference SCS configuration  is provided by subcarrierSpacing-AI and, when a supplementary UL carrier is configured for the serving cell, a reference SCS configuration  is provided by subcarrierSpacing2-AI for the supplementary UL carrier.
· For paired spectrum operation, a reference SCS configuration  for a DL BWP is provided by subcarrierSpacing-AI and a reference SCS configuration  is provided for an UL BWP by subcarrierSpacing2-AI. 
Soft Resource Availability Indication For Paired Spectrum
Regarding IAB operation in paired spectrum, RAN1#100b-e has made the following agreements [4].
· For paired spectrum, the DU resource configuration framework is extended with the following:
· Two separate per-cell D/U/F and H/S/NA configurations are provided for DL and UL respectively.
Whether this signaling is supported in Rel-16 is up to RAN3 and no additional specification impact is considered in RAN1 in Rel-16 for IAB operation in paired spectrum.
· No additional specification impact for 38.213 is required for the definition of half-duplex operation in case of IAB nodes operating in paired spectrum. Further discussion of the default multiplexing capability indication for IAB nodes operating in paired spectrum can be discussed under the IAB-MT Features agenda item in the future (if needed).
However, there are still some concern regarding DCI format 2_5 operation for paired spectrum [5]. Current resource availability element can take eight values to differentiate D/U/F soft resource availability. When there are F symbols on both downlink and uplink in the same slot for paired spectrum indication, the eight values cannot further differentiate downlink flexible and uplink flexible soft resource availability. 
The issue can be solved in a similar way as DCI format 2_0 operation for paired spectrum by separating multi-slot availability indication into DL BWP and UL BWP. For an IAB MT on a serving cell for paired spectrum operation, the AI index field in DCI format 2_5 indicates both a combination of availability indication values for a reference DL BWP and a combination of availability indication values for a reference UL BWP, according to the reference SCS configuration  and .  
· If : for each  values provided by resourceAvailability, the first  values for the combination of availability indication values are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. 
· If : for each  values provided by resourceAvailability, the first value for the combination of availability indication values are applicable to the reference DL BWP and the next  values are applicable to the reference UL BWP. 

Proposal 12: For DCI format 2_5 operation in paired spectrum with a reference SCS configuration  provided for the reference DL BWP of the serving cell and a reference SCS configuration  provided for the reference UL BWP of the serving cell: 
· If : for each  values provided by resourceAvailability, the first  values for the combination of availability indication values are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. 
· [bookmark: _GoBack]If : for each  values provided by resourceAvailability, the first value for the combination of availability indication values are applicable to the reference DL BWP and the next  values are applicable to the reference UL BWP. 
Conclusion
In this contribution, we discussed mechanisms to support simultaneous operation of IAB-node’s child and parent links.  It is summarized by the following observations and proposals. 
Observation 1: The following possible issues need to be addressed to enable Case#7 timing at an IAB node: 
· Issue 1: The child IAB MT may have negative Case#7 TA value. 
· Issue 2: The IAB node may have different DU RX timing for child nodes shifted to the new Case#7 timing and legacy child nodes which are still in Case#1 timing.
· Issue 3: The child IAB node may have issue deciding its own DL TX timing with Case#7 TA. 
Observation 2: To enable Case#7 timing at an IAB node, for both the solution of transmitting absolute Case#7 TA (positive or negative) and the solution of Case#7 TA for symbol-level alignment, additional signalling is needed to inform the child IAB node not to adjust its DL TX timing according to the Case#7 TA.
Observation 3: Although the absolute Case#7 TA value at a child MT may be negative, the child MT TX shifting offset from Case#1 timing to Case#7 timing is a positive value.
Observation 4: The following possible issues need to be addressed to enable Case#6 timing at an IAB node: 
· Issue 1: The IAB node may have issue deciding its own DL TX timing with Case#6 TA.
· Issue 2: The parent IAB node may have different parent DU RX timing for IAB nodes shifted to the new Case#6 timing and legacy IAB nodes which are still in Case#1 timing. 
Proposal 1: Since an IAB node may only support part of the four simultaneous operations, H/S/NA attributes still need to be provided to TDM MT/DU operation that cannot be simultaneous conducted. 
Proposal 2: H/S/NA DU resources colliding with simultaneous operations can be fulfilled by existing Rel-16 resource configuration mechanism with behaviour enhancements. No additional signalling is needed. 
· For H/S-IA DU resources, new behaviors are added as: 
· MT can transmit or receive cell specific signals/channels concurrently to DU’s transmission or reception without being given priority when simultaneous operation allows. 
· Parent DU can further schedule DL or UL transmission on the H/S-IA DU resources when simultaneous operation allows. 
· For NA/S-INA DU resources, new behaviors are added as: 
· DU can schedule DL or UL transmission on the NA/S-INA DU resources when simultaneous operation allows. 
Proposal 3: For simultaneous operations in FDM, both semi-static frequency-domain resource configuration (new F1AP signalling) and dynamic frequency-domain resource indication (extend to DCI format 2_5 or a new DCI format) for an IAB DU are needed.  
Proposal 4: To enable Case#7 timing at an IAB node, the solution of transmitting Case#1 TA with an additional positive TA offset to its child IAB node is preferred. The IAB node also needs to time multiplexing uplink transmission at different child nodes with Case#1 TA and calculated Case#7 TA. 
Proposal 5: To enable Case#6 timing at an IAB node, the solution of transmitting Case#1 TA with an additional positive TA offset (if needed) from its parent node is preferred. The parent node also needs to time multiplexing uplink transmission at different IAB nodes with Case#1 TA and calculated Case#6 TA. 
Proposal 6: A unified TA transmission scheme (always transmitting Case#1 TA with additional positive TA offset if needed) can be applied for both Case#6 and Case#7 timing.  
Proposal 7: For enabling dual-connectivity in IAB, only inter-carrier DC is supported in Rel-17.
Proposal 8: Further discussion on DCI format 2_5 handling for IAB dual-connectivity scenarios is needed.  
Proposal 9: Further discussion on support of Case#7 timing for IAB dual-connectivity scenarios is needed.  
Proposal 10: For the semi-static DU resource configurations, additionally support per-link configuration.  
Proposal 11: Add reference SCSs for soft resource availability indication configuration in the RRC IE AvailabilityCombinationPerCell. 
· For unpaired spectrum operation, a reference SCS configuration  is provided by subcarrierSpacing-AI and, when a supplementary UL carrier is configured for the serving cell, a reference SCS configuration  is provided by subcarrierSpacing2-AI for the supplementary UL carrier.
· For paired spectrum operation, a reference SCS configuration  for a DL BWP is provided by subcarrierSpacing-AI and a reference SCS configuration  is provided for an UL BWP by subcarrierSpacing2-AI. 
Proposal 12: For DCI format 2_5 operation in paired spectrum with a reference SCS configuration  provided for the reference DL BWP of the serving cell and a reference SCS configuration  provided for the reference UL BWP of the serving cell: 
· If : for each  values provided by resourceAvailability, the first  values for the combination of availability indication values are applicable to the reference DL BWP and the next value is applicable to the reference UL BWP. 
· If : for each  values provided by resourceAvailability, the first value for the combination of availability indication values are applicable to the reference DL BWP and the next  values are applicable to the reference UL BWP. 
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