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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 indication
	Agreement
· 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 


In RAN1 #102-e e-meeting, the cases of simultaneous transmission and/or reception between MT and DU have been agreed as illustrated in Figure 1. The simultaneous operation aims to decrease transmission latency and improve the resource efficiency by introducing FDMed and SDMed resource multiplexing between backhaul link and access link. 

  
[bookmark: _Ref47294143]Figure 1 simultaneous operation of MT and DU
To support the duplexing modes as illustrated in Figure 1, some outstanding issues (e.g., power sharing, PSD imbalance, interference, etc.) should be addressed, the corresponding solutions will be discussed in detail in our companion paper [1], while the impacts on resource utilization of parent node and child node will be analyzed in the following discussion. 
In the agreed multiplexing Case A and Case B, PSD imbalance will be incurred, to mitigate negative impact from PSD imbalance, parent node and child nodes need to know the time instants when Case A and Case B are enabled, and thus mutually control the transmission power on backhaul link and access link. 
Furthermore, the resource interference between co-located MT and DU would be another issue in case of simultaneous MT Tx/DU Rx, MT Rx/DU Tx or MT Rx/DU Rx, e.g., when MT performs reception, it would be interfered by the transmission or reception of the co-located DU if the allocated resources of DU and MT are overlapped in the frequency domain. To mitigate the impact of the interference, at least the interfered resources should be known by both parent node and child node for efficient scheduling, e.g., use low MCS on the severely interfered resources.
As analyzed, to cope with the issue(s) incurred by a certain duplexing operation, both parent node and child node need to take corresponding actions. In order to align the behavior of parent node and child node, the adopted duplexing operation at a given time should be known by both parent node and child node. 
[bookmark: _Ref47611237]Observation 1: When a certain duplexing operation is adopted at a given time/for a given frequency resource, parent node and child node need to take corresponding actions mutually to facilitate the duplexing operation, e.g., cooperative power control, cooperative resource scheduling, etc.
[bookmark: _Ref54097212][bookmark: _Ref47611253]Proposal 1: Support indication of resources where a certain duplexing operation between backhaul link and access link is adopted. 
Duplexing operation indication
According to the above discussion, the duplexing operation (MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx) on a given resource should be known by IAB node. For simplicity, IAB node can derive such information implicitly, e.g., based on TDD indication of DU and MT. 
Observation 2: The duplexing operation mode between backhaul link and access link can be obtained according to the TDD indication of DU and MT.
Time domain resource indication
According to the above discussion, the resource in which a Rel-17 duplexing operation can be operated should be indicated. For the indication in the time domain, the following options can be considered. 
· Option 1: Shared resource type is indicated besides H/S/NA, i.e., an additional resource type ‘Shared’ should be indicated, which means that DU and MT can perform simultaneous transmission and/or reception in the slot/symbol indicated as ‘Shared’. 
· [bookmark: _Ref54097216]Option 2: Indicate resource for simultaneous operation upon H/S. For example, a resource can be configured as ‘Hard’, only if it is further indicated for simultaneous operation, the MT and DU can perform simultaneous transmission/reception; otherwise, the rule defined in Rel-16 is reused. 
[bookmark: _GoBack]Proposal 2: RAN1 to consider the following options to indicate the resources where simultaneous operation can be operated.
· Option 1: An additional resource type ‘Shared’ is indicated besides H/S/NA.
· Option 2: Indicate the window for simultaneous operation upon H/S.
Frequency domain resource indication
To handle the self-interference between the co-located DU and MT in the case of simultaneous operation, there are generally two solutions. One is that resources between backhaul link and access link are separated in FDMed manner with sufficient guard band. While the other solution is to control the interfered resources via efficient resource configuration, e.g., both frequency and time domain resource configuration, such resource configuration will enable reasonable amount of SDMed resources between backhaul link and access link to balance their traffic loads. For more flexibility of load balancing, the H/S/NA properties of SDMed resource can be further assigned as in Rel-16. Therefore, for supporting FDMed or SDMed resource multiplexing, the following proposals are made. 
[bookmark: _Ref47611256]Proposal 3: Support FDMed multiplexing between MT and DU. The related signaling is FFS. 
[bookmark: _Ref47611260]Proposal 4: When the frequency resources allocated for DU and MT are overlapped, FDMed multiplexing is allowed over non-overlapped part, while SDMed multiplexing is allowed over the overlapped part.. 
· FFS: The related signaling. 
· FFS: H/S/NA properties of the overlapped frequency resource. 
2.2. Guard symbol
One more issue to be discussed is handling of potential resource overlap at the edge of a transition between MT and DU operation. In Rel-16, specification supports eight kinds of guard symbols to handle the potential transition between MT and DU, the guard symbol can help to avoid resource collision between MT and DU in the switching time. 
If only Case #6/7 timing is supported, eight types of guard symbols as in Case #1 is sufficient. However, if both Case #1 timing and Case #6 timing are supported, Case #1 timeline and Case #6 timeline should operate in TDMed manner. Thus, new transition between MT and DU generates for the switching from Case #1 timing to Case #6 timing and vice versa. Therefore, additional guard symbol for new transition should be defined. If both Case #1 timing and Case #7 timing are supported, the same issue is observed. 
Based on the above analysis, the following proposal is made.
[bookmark: _Ref54097229]Proposal 5: If different timing modes are supported in TDMed manner for an IAB node, additional guard symbol types should be defined, 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.  
2.3. Support for dual-connectivity scenarios
	[bookmark: _Ref47611271]Conclusion
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.
Agreement
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 


[bookmark: _Ref47611245]RAN2 has supported dual connectivity scenario of IAB-nodes in Rel-16. However, the RAN1 specification impacts by supporting IAB dual connectivity have not been discussed, the associated analysis will be given in the following discussion.
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 3: 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 6: RAN1 supports both intra-carrier DC and inter-carrier DC. 
Scheduling conflict between MT MCG and SCG
For inter-carrier DC, it has been agreed to reuse existing DC schemes as starting point. In Rel-16 NR TEI, when UE is configured with multiple serving cells and is subject to half duplex constraint, RAN1 has specified scheduling expectation from scheduling node to avoid the full duplex scheduling, where UE is not expected to be scheduled with the link direction conflict across serving cells, i.e., DL in cell #1, while UL in cell #2. 
In order to reuse the aforementioned mechanism to IAB MT, at least the corresponding resource configuration (e.g., TDD and resource type indication) of the serving cells of MCG and SCG should be coordinated and known by parent node(s). Moreover, if two parent nodes belong to different CUs, inter-CU exchange of the resource configurations intended by the parent nodes is beneficial to avoid conflicted scheduling between MCG cell and SCG cell. It is noted that scheduling conflict exists for intra-carrier DC as well.
Proposal 7: RAN1 to handle the scheduling conflict (i.e., UL and DL conflict on a given time instant) between cells of MT MCG and SCG.
· For inter-carrier DC, reuse the rules specified in Rel-16 TEI to address UL/DL conflict at a given time. FFS extension to intra-carrier DC.
· FFS: Inter-CU exchange of parent nodes’ resource configurations, in case that parent nodes corresponding to MCG and SCG belong to different CUs. Related signaling up to RAN3.
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, thus, exchange of resource type between CUs needs to be supported for inter-CU DC. 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 MT behavior, corresponding MT behavior should be clarified and/or known to parent nodes.
Proposal 8: RAN1 to handle the DU resource type indication conflict in inter-carrier and intra-carrier DC case. 
· FFS: Inter-CU exchange of resource type configuration of a given IAB DU, in case that its parent nodes belong to different CUs. Related signaling up to RAN3.
· FFS: MT behavior when receiving different dynamic resource type indication (e.g., resource availability indication) from MCG and SCG. 
3. Conclusion
This contribution focus on resource multiplexing between child and parent links and the following are proposed,
Observation 1: When a certain duplexing operation is adopted at a given time/for a given frequency resource, parent node and child node need to take corresponding actions mutually to facilitate the duplexing operation, e.g., cooperative power control, cooperative resource scheduling, etc.
Proposal 1: Support indication of resources where a certain duplexing operation between backhaul link and access link is adopted. 
Observation 2: The duplexing operation mode between backhaul link and access link can be obtained according to the TDD indication of DU and MT.
Proposal 2: RAN1 to consider the following options to indicate the resources where simultaneous operation can be operated.
· Option 1: An additional resource type ‘Shared’ is indicated besides H/S/NA.
· Option 2: Indicate the window for simultaneous operation upon H/S.
Proposal 3: Support FDMed multiplexing between MT and DU. The related signaling is FFS. 
Proposal 4: When the frequency resources allocated for DU and MT are overlapped, FDMed multiplexing is allowed over non-overlapped part, while SDMed multiplexing is allowed over the overlapped part.. 
· FFS: The related signaling. 
· FFS: H/S/NA properties of the overlapped frequency resource. 
Proposal 5: If different timing modes are supported in TDMed manner for an IAB node, additional guard symbol types should be defined, 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.  

Observation 3: 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 6: RAN1 supports both intra-carrier DC and inter-carrier DC. 
Proposal 7: RAN1 to handle the scheduling conflict (i.e., UL and DL conflict on a given time instant) between cells of MT MCG and SCG.
· For inter-carrier DC, reuse the rules specified in Rel-16 TEI to address UL/DL conflict at a given time. FFS extension to intra-carrier DC.
· FFS: Inter-CU exchange of parent nodes’ resource configurations, in case that parent nodes corresponding to MCG and SCG belong to different CUs. Related signaling up to RAN3.
Proposal 8: RAN1 to handle the DU resource type indication conflict in inter-carrier and intra-carrier DC case. 
· FFS: Inter-CU exchange of resource type configuration of a given IAB DU, in case that its parent nodes belong to different CUs. Related signaling up to RAN3.
· FFS: MT behavior when receiving different dynamic resource type indication (e.g., resource availability indication) from MCG and SCG. 
4. [bookmark: _Ref503565531][bookmark: _Ref493791948][bookmark: _Ref503565490][bookmark: _Ref510367705]Reference
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