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Introduction
[bookmark: _GoBack]In RAN #88e, the following objectives of IAB work item regarding resource multiplexing were agreed [1]:
	· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· 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.



In RAN1#102-e meeting, the following agreements on enhancements to resource multiplexing between child and parent links of an IAB-node were achieved [2]:
	Agreement
At least existing Rel-16 bands supporting IAB can be considered when evaluating the feasibility/impact of supporting different multiplexing cases.

	Simultaneous operations
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Agreement
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

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 
· 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 

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




In this contribution, we present our views on the prioritization of the different simultaneous operation modes and the dual-connectivity scenarios. Furthermore, the potential enhancement to DU configuration on H/S/NA attributes and indication of multiplexing capabilities, are discussed.
Please see our accompanying paper on other enhancements for simultaneous child and parent link operation in IAB [3].
Resource multiplexing
Prioritization of operation modes
Figure 1 shows the four simultaneous operation cases agreed after the RAN1 #102-e meeting [2]:
Case A: Simultaneous MT and DU TX, or half-duplex transmission
Case B: Simultaneous MT and DU RX, or half-duplex reception
Case C: Simultaneous MT RX and DU TX, or downstream full-duplex
Case D: Simultaneous MT TX and DU RX, or upstream full-duplex
[image: ]
[bookmark: _Ref45570110]Figure 1: Four simultaneous operation cases from the IAB WID.

In an IAB context, IAB half-duplex refers to
· No simultaneous DU transmission (downlink) and MT reception (downlink), i.e., Case C, or
· No simultaneous DU reception (uplink) and MT transmission (uplink), i.e., Case D
which is different from the classic half-duplex on link level, i.e., no simultaneous Tx and Rx on the same link. Regarding the above four simultaneous-operation cases, Case A (simultaneous MT and DU TX) and Case B (simultaneous MT and DU RX) are characterized as IAB half-duplex operations, also referred to as transmitter side and receiver side IAB FDM/SDM, respectively [4], see Figure 1. Technically, IAB FDM/SDM is feasible with today’s hardware, and thereby, enhancement to resource multiplexing for IAB FDM/SDM operations should be prioritized in Rel-17.
[bookmark: _Toc45556920][bookmark: _Toc45557143][bookmark: _Toc45569693][bookmark: _Toc45569738][bookmark: _Toc45569902][bookmark: _Toc45626237][bookmark: _Toc45627446][bookmark: _Toc45639179][bookmark: _Toc45639247][bookmark: _Toc45698715][bookmark: _Toc45698528][bookmark: _Toc45698540][bookmark: _Toc45784683][bookmark: _Toc45785257][bookmark: _Toc45786033][bookmark: _Toc46151861][bookmark: _Toc46734756][bookmark: _Toc47527059][bookmark: _Toc47686289][bookmark: _Toc47690387][bookmark: _Toc47691757][bookmark: _Toc47692219][bookmark: _Toc47692312][bookmark: _Toc47693428][bookmark: _Toc47702391][bookmark: _Toc47702954][bookmark: _Toc47708270][bookmark: _Toc47714238][bookmark: _Toc47733727][bookmark: _Toc47734081][bookmark: _Toc54189372][bookmark: _Toc54205956][bookmark: _Toc54382821]Simultaneous transmission based on FDM/SDM principles, i.e., half-duplex transmission, and simultaneous reception based on FDM/SDM principles, i.e., half-duplex reception, are technically feasible and should be RAN 1’s priority in Rel-17.
The simultaneous operation Case C (simultaneous MT RX and DU TX) and Case D (simultaneous MT TX and DU RX) are characterized as IAB full-duplex operations, which are technically challenging even with separate Tx/Rx antenna panels, see Figure 1. A fundamental requirement for IAB full-duplex is that the intra-node interference can be sufficiently suppressed and the IAB-MT and IAB-DU are able to operate relatively independently. Note that IAB backhaul links have distinct reliability requirements as the failure in a network node may affect multiple child IAB-nodes and their connected devices. For that reason, considering multiplexing Case C and Case D with a co-located transmitter and receiver, the reliability of the backhaul links will be entirely depending on the ability to perform such interference cancellation using technology that is till at the research stage.
[bookmark: _Toc54254731][bookmark: _Toc54382807]Unreliable self-interference is depending on the channel, which is unsuitable for a network node with reliability requirements.
For instance, as an illustrative example, consider cases with 40 dBm transmit power of the node and 50 dB attenuation between the transmitter and the receiver using separate panels, according to [5]. Then, with a ‑100 dBm sensitivity one may require 40 - 50 - (-100) = 90 dB additional intra-panel attenuation, just to get even signal and interference power. More importantly, even if we can remove the static component of inter-panel interference, there is also a dynamic aspect, as the channel between the receiver and the transmitter may change and the operator may not have full control of the channel to foresee all dynamic channel variations. An interference cancelling algorithm may further need to handle more rapid changes, such as moving reflective object, reflections depending on transmission direction, a changed number of antenna element or transmission power. Thus, we may not be able to adapt based on channel variations or scheduling changes, both of which makes the link unreliable. Moreover, with self-interference, we will need to suppress the interference not only in the digital domain but also and mostly in the analogue domain. As a result, the dynamic range of the analogue signal path, due to interference cancellation requirements, needs to be substantially higher which will result in very expensive and power inefficient nodes. 
[bookmark: _Toc54254733][bookmark: _Toc54283816][bookmark: _Toc54382808]A full duplex link budget assumes up to ~90 dB self-interference to even reach 0 dB SINR towards the transmitter.
[bookmark: _Toc54254734][bookmark: _Toc54283818][bookmark: _Toc54382809]Full duplex will require substantial redesign with Tx cancellation circuitry in each Rx chain substantially increasing CAPEX and time-to-market making it unattractive to the market.
Furthermore, following the same discussions as above, UL full-duplex (Case D) may create the same problem as backhaul transmission in UL slots in IAB-half-duplex.
[bookmark: _Toc54254732][bookmark: _Toc54283817][bookmark: _Toc54382810]UL full duplex has the same problems with extensive interference as IAB half-duplex.
Equally important is the concern that IAB full-duplex nodes will cause significant interference to nodes in the same network that are not supporting full-duplex Case C or Case D and possibly also outside the network. Except for some special scenarios, e.g., deployment in an isolated environment, current performance of full-duplex operation is questionable.
Due to the above objections, it does not make sense to specify full duplex with the same priority as Case A and B. That specification work may have a negative outcome for the remaining multiplexing cases for two reasons: First, it will consume valuable and sparse time resources; second, it may cause unattractive solutions for the more relevant multiplexing cases, should RAN1 opt for a common solution for all multiplexing cases instead of what works best for Case A and Case B. In conclusion, we think simultaneous mixed operation of transmit and receive i.e., IAB full-duplex, should not be prioritized in Rel-17.
[bookmark: _Toc45556921][bookmark: _Toc45557144][bookmark: _Toc45569694][bookmark: _Toc45569739][bookmark: _Toc45569903][bookmark: _Toc45626238][bookmark: _Toc45627447][bookmark: _Toc45639180][bookmark: _Toc45639248][bookmark: _Toc45698716][bookmark: _Toc45698529][bookmark: _Toc45698541][bookmark: _Toc45784684][bookmark: _Toc45785258][bookmark: _Toc45786034][bookmark: _Toc46151862][bookmark: _Toc46734757][bookmark: _Toc47527060][bookmark: _Toc47686290][bookmark: _Toc47690388][bookmark: _Toc47691758][bookmark: _Toc47692220][bookmark: _Toc47692313][bookmark: _Toc47693429][bookmark: _Toc47702392][bookmark: _Toc47702955][bookmark: _Toc47708271][bookmark: _Toc47714239][bookmark: _Toc47733728][bookmark: _Toc47734082][bookmark: _Toc54189373][bookmark: _Toc54205957][bookmark: _Toc54284147][bookmark: _Toc54382822]Simultaneous MT RX and DU TX, i.e., downstream full-duplex, and simultaneous MT TX and DU RX, i.e., upstream full-duplex, are not prioritized in Rel-17.
Enhancements to IAB-DU resource configuration
In RAN1#98bis, the following agreement on IAB multiplexing capability were reached [6]:
	Agreements:
The donor CU and the parent node can be made aware of the multiplexing capability between MT and DU (TDM required, TDM not required) of an IAB-node to for any {MT CC, DU cell} pair.



It further agreed in RAN1#99 [7] that: 
	Agreements:
The indication of the multiplexing capability for the case of no-TDM between IAB-MT and IAB-DU is additionally provided with respect to each transmission-direction combination (per MT CC/DU cell pair):
· MT-TX/DU-TX
· MT-TX/DU-RX 
· MT-RX/DU-TX
· MT-RX/DU-RX
Note: This agreement does not require any additional specification impact in RAN1 in Rel-16, i.e. in Rel-16 the behaviour of the IAB-node is only defined for TDM cases. The behaviour for no-TDM is left to IAB-node/network implementation in Rel-16.


[bookmark: _Ref54192101]H/S/NA attributes
In Rel-16, the reason for introducing H/S/NA configuration to DU time-domain resources in the IAB network is to enable intra-IAB-node MT/DU coordination in light of IAB-node half-duplex constraints and to provide higher flexibility in resource utilization between the MT and DU of an IAB-node.
When TDM between IAB-MT and IAB-DU is required, as the main scenario considered in Rel-16, a given time-domain resource is either used by IAB-MT or by IAB-DU. Configuration of H/S/NA to IAB-DU gives different priorities to the IAB-MT and IAB-DU regarding the usage of time-domain resource in question, and enables local coordination of time-domain resources between the IAB-node and its parent node accounted for dynamic conditions. 
When the IAB-node’s multiplexing capability is indicated as “TDM not required”, configuration of time-domain H/S to the IAB-DU does not lead to different IAB-MT and IAB-DU behaviors since they can use the time-domain resources simultaneously. Considering the reuse of radio resources, “TDM not required” subject to half-duplex constraint can be further divided into FDM and SDM. For an IAB-node capable of FDM, the IAB-MT and IAB-DU can use time-domain resources simultaneously but need coordination on the usage of frequency-domain resources. In this case, a similar structure of configuring frequency-domain resources with H/S/NA attributes would be advantageous. It requires certain coordination between IAB-node and its parent node about the frequency-domain resources, and therefore allows for greater flexibility, reduced CLI and reduced latency.
[bookmark: _Toc45636689][bookmark: _Toc45639185][bookmark: _Toc45639253][bookmark: _Toc45698721][bookmark: _Toc45698534][bookmark: _Toc45698546][bookmark: _Toc45784689][bookmark: _Toc45785263][bookmark: _Toc45786039][bookmark: _Toc46151867][bookmark: _Toc46734762][bookmark: _Toc47527065][bookmark: _Toc47686295][bookmark: _Toc47690393][bookmark: _Toc47691763][bookmark: _Toc47692225][bookmark: _Toc47692319][bookmark: _Toc47693434][bookmark: _Toc47702397][bookmark: _Toc47702960][bookmark: _Toc47708276][bookmark: _Toc47714244][bookmark: _Toc47733733][bookmark: _Toc47734087][bookmark: _Toc54189374][bookmark: _Toc54205958][bookmark: _Toc54382823]Specify H/S/NA attributes for IAB-DU frequency-domain resources, using the Rel-16 H/S/NA configuration structure as the baseline.
For transmission/reception directions (i.e. beams) where the IAB-MT and IAB-DU can use the same time- and frequency-domain resources simultaneously (i.e., capable of SDM), the Rel-16 H/S mechanism is not needed due to the space-domain orthogonality. For IAB-DU transmission directions that will cause unacceptable performance degradation of the backhaul link to the parent IAB-DU, time- or frequency-domain H/S/NA configurations should be resorted to.  Configuring NA on link-basis at the IAB-DU can be useful to semi-statically disable certain child links and/or access links of the IAB-DU. One application is to disable a child/access link that causes substantial interference to another backhaul link. With these aspects considered, it is FFS whether and how to restrict IAB-DU’s usage of space-domain resources so that the IAB-DU can adapt its behavior to suit different conditions. A related matter is then how such restrictions should be defined; in terms of links, beams, angles, or something else.
[bookmark: _Toc54189361][bookmark: _Toc54205946][bookmark: _Toc54382811]The Rel-16 H/S concept is not applicable in space-domain.
[bookmark: _Toc54189362][bookmark: _Toc54205947][bookmark: _Toc54382812][bookmark: _Toc21012714][bookmark: _Toc21013635][bookmark: _Toc21013976][bookmark: _Toc21073570][bookmark: _Toc21073712][bookmark: _Toc21073989][bookmark: _Toc21079337][bookmark: _Toc21096934][bookmark: _Toc21096965][bookmark: _Toc21097362][bookmark: _Toc21097509][bookmark: _Toc21097558][bookmark: _Toc21098316][bookmark: _Toc21111685][bookmark: _Toc22566706][bookmark: _Toc22646257][bookmark: _Toc22649868][bookmark: _Toc22893285][bookmark: _Toc22894167][bookmark: _Toc23164372][bookmark: _Toc23164664]Configuring NA on link-basis at the IAB-DU can be useful to semi-statically resource-wise restrict certain child link and/or access links of the IAB-DU.
[bookmark: _Toc54189375][bookmark: _Toc54205959][bookmark: _Toc54382824]Further study whether and how to restrict IAB-DU from accessing certain space-domain resources (e.g., in terms of link, beam or angle).
When H/S/NA is not configured, time- and/or frequency-domain resources of the DU cell can be treated as Soft with respect to the corresponding MT component carrier (CC). When the resource in question (either in time-domain or frequency-domain) cannot be used simultaneously by the IAB-MT and IAB-DU, treating the IAB-DU resource as soft gives the parent backhaul link priority to the resource. It is a reasonable strategy since the parent link typically carries higher traffic load than the child link(s) and has a higher demand for resources. When link properties and multiplexing capabilities allow, the resource in question can be used simultaneously by the IAB-MT and IAB-DU. Treating the IAB-DU resource as soft can be interpreted as follows:
· regarding the Soft IAB-DU resource, the parent node could assume that the corresponding IAB-MT resource is available, and 
· the IAB-node capability enables the IAB-DU to use the soft resource simultaneously without impacting the IAB-MT.
[bookmark: _Toc21079338][bookmark: _Toc21097363][bookmark: _Toc21097510][bookmark: _Toc21097559][bookmark: _Toc21098317][bookmark: _Toc23238162][bookmark: _Toc23238611][bookmark: _Toc23255582][bookmark: _Toc23258012][bookmark: _Toc23258405][bookmark: _Toc23319283][bookmark: _Toc45629715][bookmark: _Toc45631281][bookmark: _Toc45636688][bookmark: _Toc45639184][bookmark: _Toc45639252][bookmark: _Toc45698720][bookmark: _Toc45698533][bookmark: _Toc45698545][bookmark: _Toc45784688][bookmark: _Toc45785262][bookmark: _Toc45786038][bookmark: _Toc46151866][bookmark: _Toc46734761][bookmark: _Toc47527064][bookmark: _Toc47686294][bookmark: _Toc47690392][bookmark: _Toc47691762][bookmark: _Toc47692224][bookmark: _Toc47692318][bookmark: _Toc47693433][bookmark: _Toc47702396][bookmark: _Toc47702959][bookmark: _Toc47708275][bookmark: _Toc47714243][bookmark: _Toc47733732][bookmark: _Toc47734086][bookmark: _Toc54189376][bookmark: _Toc54205960][bookmark: _Toc54382825]A default resource attribute for the IAB-DU H/S/NA resource configuration is Soft.
[bookmark: _Toc54189377][bookmark: _Toc54205961]Regarding cell-specific/semi-static signals and channels at the IAB-DU, such as SSB transmission, PRACH reception, periodical CSI-RS transmission, PDCCH transmission for Type0-PDCCH CSS sets configured by pdcchConfigSIB1 and SR reception, the same rule as in Rel-16 should be followed that the resource is treated as if it were a Hard DU resource, even if a DU NA or Soft resource is configured. This should be equally valid if a H/S/NA concept in frequency-domain is specified in Rel-17.
[bookmark: _Toc54382826]A frequency-domain DU resource assigned to cell-specific/semi-static signals/channels, such as SSB transmission, PRACH reception, periodic CSI-RS transmission, PDCCH transmission for Type0-PDCCH CSS sets and SR reception, is always treated as if it were configured as a Hard DU resource.  
Additionally, to be compatible with Rel-16 and earlier release UEs, the associated transmission direction at least for SSB transmission, PRACH reception, SIB transmission and SR reception at the IAB-DU should be maintained, even if the semi-static DL/UL configuration of DU of some IAB-nodes has been reverted to enable simultaneous IAB-MT and IAB-DU operations.
[bookmark: _Toc54382827]Dedicated transmission directions in terms of DL/UL for cell-specific signals/channels should be maintained when configuring simultaneous operation at an IAB-node.
The Rel-15 UEs do not expect: 
1) to be indicated as UL on symbols indicated for SSB reception;
2) to be indicated as DL on symbols indicated for PRACH transmission;
3) to be indicated as UL on symbols indicated for CORESET for Type0-PDCCH CSS set.
The same rule can be applied to IAB-MTs in connected mode. Rel-16 has specified means to enable the IAB-node and parent node to configure non-overlapping occasions for SSB and PRACH which are specifically used by IAB-nodes. It has been agreed in RAN1#98bis that for inter-IAB-node discovery and measurement, the IAB-node does not expect STC and SMTC are overlapped in time. It has also been agreed in RAN1#96bis to use a time offset in subframe or slot to enable non-overlapping backhaul RACH occasions. So, it is possible for IAB-donor-CU to configure proper transmission options to IAB-MT for SSB and PRACH, meanwhile, to enable simultaneous transmission or reception at the IAB-node. 
Alternatively, the IAB-MT may:
1) skip receiving SSB if the associated symbols are indicated as UL;
2) skip transmitting PRACH if the associated symbols are indicated as DL;
3) skip receiving SIB if the associated symbols are indicated as UL.
Considering the backhaul link is typically static and has good link quality, the impact extent of not having SSB, PRACH or SIB under certain occasions may not be as critical as for the UEs.
[bookmark: _Toc54382828]It is FFS of how to specify IAB-MT’s behavior if symbols 1) for SSB reception are configured as UL; 2) for PRACH transmission are configured as DL; 3) for CORESET for Type0-PDCCH CSS set reception are configured as UL.
Indication of multiplexing capability
The semi-static configuration of H/S/NA is based on multiplexing capability of the IAB-node as analyzed in Section 3.1. The parent node can also be provided with the multiplexing capability information, which has been indicated to IAB-donor-CU, so that the parent node can make a better assumption of the resource usage at the IAB-node and accordingly the resource availability on the IAB-node’s parent backhaul link. However, the multiplexing capability of the IAB-node may change due to local circumstances, such as channel changes, fulfilment of simultaneous operation criteria, etc., in a dynamic way. Loss of track on such change may lead to inappropriate scheduling decision at the parent node, which will cause resource wastage or situations of additional interference to the IAB-node.
For example, based on given hardware capability and channel conditions, the IAB-MT and IAB-DU can conduct simultaneous transmission and/or reception. The IAB-node thereby indicates TDM not required to the IAB-donor-CU, which will configure IAB-MT and IAB-DU resources accordingly to allow for the desired simultaneous operation. However, the required Case #6 and Case #7 timing operation cannot always be fulfilled by the parent node(s) and/or child node(s) under certain circumstances. In this case, the IAB-MT and IAB-DU can be limited to operate in a TDM manner. Without knowing that, the parent node may still schedule transmission from/to the IAB-MT which cannot be carried out by the IAB-node due to the operation at the IAB-DU using overlapping time and/or frequency resource. Therefore, it is beneficial to inform the parent node about the multiplexing-capability changes at the IAB-node.
[bookmark: _Toc54382829]The parent node is dynamically provided with changes of the IAB-node’s multiplexing-capability.
Dual connectivity
According to the IAB TR 38.874 [4], when operating in SA-mode, an NR+NR dual connected IAB-node can add redundant routes by establishing an MCG-link to one parent node IAB-DU and an SCG-link to another parent node IAB-DU. The dual-connecting IAB-MT will enable the SCG link using the Rel-15 NR-DC procedures [8]. As described in TS 37.340 [9], NR+NR dual connectivity is a Multi-Radio Dual Connectivity (MR-DC) configuration with the 5GC. In MR-DC, two or more Component Carriers (CCs) may be aggregated over two cell groups. This is a typical Inter-Carrier NR-DC framework where the MCG-link and the SCG-link are using independent carriers for which a coordination of time and frequency resource is not required, see top example in Figure 2.
[bookmark: _Hlk45698643][bookmark: _Toc45698714][bookmark: _Toc45784682][bookmark: _Toc45785256][bookmark: _Toc45786032][bookmark: _Toc46151860][bookmark: _Toc46734755][bookmark: _Toc47527058][bookmark: _Toc47686288][bookmark: _Toc47690386][bookmark: _Toc47691756][bookmark: _Toc47692218][bookmark: _Toc47692311][bookmark: _Toc47693427][bookmark: _Toc47702390][bookmark: _Toc47702953][bookmark: _Toc47708269][bookmark: _Toc47714237][bookmark: _Toc47733726][bookmark: _Toc47734080][bookmark: _Toc52826138][bookmark: _Toc53492300][bookmark: _Toc54189363][bookmark: _Toc54205948][bookmark: _Toc54382813]	IAB Inter-Carrier NR-DC is already supported with Rel-16 specification. For independent carriers, resource coordination is not needed.

[image: ]
[bookmark: _Ref45568592][bookmark: _Ref45568585]Figure 2: Inter-Carrier DC (with one parent using carrier F1 and the other parent using carrier F2) vs. Intra-Carrier DC (with both parents using carrier F1).

To improve robustness and load balancing, it can be envisioned that the MCG-link and the SCG-link from the two parent IAB-DUs share the same carrier frequency, referred to as Intra-Carrier NR-DC operation, see bottom example in Figure 2. In 3GPP TSG RAN Meeting #89e, the following questions on dual-parent nodes and Intra-Carrier DC were discussed. There was no outcome from the discussions in the meeting [10]. 

	Question 1a: Should enhancements to the resource multiplexing for IAB consider scenarios other than dual connectivity, if defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing? 
WF: No proposal is made. TSG RAN may revisit the matter at a later stage, e.g., in case RAN2/3 have defined other solutions for dual parenting.

Question 2: Should intra-frequency multiplexing for dual-connectivity (or dual-parent) scenarios be considered in Rel-17 IAB? 
· Option 1: Not at all
· Option 2: With restrictions
Restriction a): Only for IAB, not for UEs
Restriction b): Only for intra donor, not for inter-donor
Restriction c): Others…
· Option 3: Yes, without restrictions

WF: No convergence was achieved in this meeting. The discussion can be continued in the next meeting



In this contribution we present our views on the dual-parent scenario and Intra-Carrier DC from a formal and procedural perspective as well as from a technical perspective. First, the WID clearly states that multiplexing will take place between pairs of child and parent links (e.g., MT Tx/DU Tx), not for an arbitrary combination within a set of child and parent links, such as between parent and parent links. For this reason, multiplexing between two parent links is not included in the WID unless part of the existing DC framework (as defined by RAN2/3), since it would require specification of additional multiplexing capabilities. Part of the reason why Intra-Carrier NR-DC was not specified in Rel-16 is due to the substantial specification complexity it would imply. To instead undertake such specification work in the IAB WI is clearly beyond the scope of the IAB WID, in addition to such operation being related to general DC operation and should be considered in a wider scope than IAB. In Rel-17, the IAB-MT function should, as in the Rel-16 specification, adapt existing UE functionalities to fit the IAB context. Accordingly, Intra-Carrier DC operation should be, if at all, first discussed in MR-DC specification. 
[bookmark: _Toc52826145][bookmark: _Toc53492301][bookmark: _Toc54189364][bookmark: _Toc54205949][bookmark: _Toc54382814]The WID clearly states that enhancement to the resource multiplexing will take place between pairs of child and parent links (e.g., MT-Tx/DU-Tx), not any combination within an arbitrary set of child and parent links. For this reason, multiplexing between two parent links with identical carriers is not included in the WID unless part of the existing DC framework.
[bookmark: _Toc53492302][bookmark: _Toc54189365][bookmark: _Toc54205950][bookmark: _Toc54382815]Intra-carrier DC is not included in the WI since the WI is based on existing DC functionality which, so far, does not support Intra-carrier DC. Was Intra-Carrier DC to be included in the MR-DC specification, inclusion in the IAB WID can be revisited.
In general, we see little practical use for Intra-Carrier DC for the objectives stated in the WID. FR2, mmW offers wider operating bandwidths, even wider than the maximum NR carrier BWs. In such a deployment, there is little use as Inter-Carrier DC could be instead configured. FR1, on the other hand, offers little and narrow BWs of unpaired spectrum which makes it ill-suited for backhauling to start with, even more so if such a carrier additionally is used for Intra-Carrier DC.
[bookmark: _Toc54205951][bookmark: _Toc54382816]There is little practical use of Intra-Carrier DC neither in FR1 nor in existing FR2 spectrum.
[bookmark: _Toc54189367]In the current NR-DC framework, the MCG-link and the SCG-link are equipped with distinct schedulers which can operate independently. When the MCG and SCG links share the same frequency and time resource it imposes a need for resource coordination where using independent schedulers will not be possible. A coordination of schedulers infers strict latency requirements on the backhaul communication between the parent nodes. In the current IAB framework, there is no direct communication between the parent nodes and signaling via the donor-CU can incur a substantial latency since it may be routed over multiple wireless links where occasional retransmissions must also be accounted for.
[bookmark: _Toc54382817]For Intra-Carrier DC, dynamic scheduler coordination of parent IAB-nodes over an IAB backhaul link is an essential aspect for resource coordination of parent nodes. 
From a DC link perspective, it is important that DC resources are aggregated to achieve high network capacity. Simultaneous reception from both MCG and SCG links, which share the same spectrum, would tighten the synchronization requirements on OFDM symbols. However, in IAB networks, an ideal synchronization of the parent nodes is not guaranteed for various reasons, e.g., there is no requirement on T_delta in OTA-based timing alignment. Furthermore, the CP duration would imply severe restrictions in the IAB deployment to meet such synchronization requirements. For FR2, a CP duration of 0.6 µs corresponds to 180 m difference in deployment distance between the two parent nodes. In addition, an allowed cell phase error of 3 µs between neighboring cells already stretches and even exceeds the CP duration for most SCS configurations.
[bookmark: _Toc54382818]For FR2, DC synchronization requirements would imply severe, if not impossible, restrictions in the IAB deployment.
Besides the complexity in resource coordination and synchronization of the parent nodes, frequent co-channel interference measurement would be needed to enable Intra-Carrier DC. Finally, it is also worth mentioning that there is no RF specification to support Intra-carrier DC. In conclusion, specification of Intra-Carrier DC will require extensive work that is not accounted for in time budget of the current WI planning. IAB dual connectivity shall be based on the existing DC framework, according to the decision of the RANP #89e Question 1a [10].
[bookmark: _Toc52826141][bookmark: _Toc53492304][bookmark: _Toc54189369][bookmark: _Toc54205953][bookmark: _Toc54382819]Implementation of intra-carrier DC will require extensive work that is not accounted for in time budget of the current WI planning.
[bookmark: _Toc52826142][bookmark: _Toc53492305][bookmark: _Toc54189370][bookmark: _Toc54205954][bookmark: _Toc54382820]IAB DC shall be based on existing DC framework (according to RANP #89e question 1).
Based on the above observations, we think Intra-carrier DC should not be further studied for Rel-17 enhanced IAB.
[bookmark: _Toc52826154][bookmark: _Toc53492314][bookmark: _Toc54189378][bookmark: _Toc54205962][bookmark: _Toc54382830]Intra-carrier DC is not further studied for Rel-17 enhanced IAB.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Unreliable self-interference is depending on the channel, which is unsuitable for a network node with reliability requirements.
Observation 2	A full duplex link budget assumes up to ~90 dB self-interference to even reach 0 dB SINR towards the transmitter.
Observation 3	Full duplex will require substantial redesign with Tx cancellation circuitry in each Rx chain substantially increasing CAPEX and time-to-market making it unattractive to the market.
Observation 4	UL full duplex has the same problems with extensive interference as IAB half-duplex.
Observation 5	The Rel-16 H/S concept is not applicable in space-domain.
Observation 6	Configuring NA on link-basis at the IAB-DU can be useful to semi-statically resource-wise restrict certain child link and/or access links of the IAB-DU.
Observation 7	IAB Inter-Carrier NR-DC is already supported with Rel-16 specification. For independent carriers, resource coordination is not needed.
Observation 8	The WID clearly states that enhancement to the resource multiplexing will take place between pairs of child and parent links (e.g., MT-Tx/DU-Tx), not any combination within an arbitrary set of child and parent links. For this reason, multiplexing between two parent links with identical carriers is not included in the WID unless part of the existing DC framework.
Observation 9	Intra-carrier DC is not included in the WI since the WI is based on existing DC functionality which, so far, does not support Intra-carrier DC. Was Intra-Carrier DC to be included in the MR-DC specification, inclusion in the IAB WID can be revisited.
Observation 10	There is little practical use of Intra-Carrier DC neither in FR1 nor in existing FR2 spectrum.
Observation 11	For Intra-Carrier DC, dynamic scheduler coordination of parent IAB-nodes over an IAB backhaul link is an essential aspect for resource coordination of parent nodes.
Observation 12	For FR2, DC synchronization requirements would imply severe, if not impossible, restrictions in the IAB deployment.
Observation 13	Implementation of intra-carrier DC will require extensive work that is not accounted for in time budget of the current WI planning.
Observation 14	IAB DC shall be based on existing DC framework (according to RANP #89e question 1).

Based on the discussion in the previous sections we propose the following:
Proposal 1	Simultaneous transmission based on FDM/SDM principles, i.e., half-duplex transmission, and simultaneous reception based on FDM/SDM principles, i.e., half-duplex reception, are technically feasible and should be RAN 1’s priority in Rel-17.
Proposal 2	Simultaneous MT RX and DU TX, i.e., downstream full-duplex, and simultaneous MT TX and DU RX, i.e., upstream full-duplex, are not prioritized in Rel-17.
Proposal 3	Specify H/S/NA attributes for IAB-DU frequency-domain resources, using the Rel-16 H/S/NA configuration structure as the baseline.
Proposal 4	Further study whether and how to restrict IAB-DU from accessing certain space-domain resources (e.g., in terms of link, beam or angle).
Proposal 5	A default resource attribute for the IAB-DU H/S/NA resource configuration is Soft.
Proposal 6	A frequency-domain DU resource assigned to cell-specific/semi-static signals/channels, such as SSB transmission, PRACH reception, periodic CSI-RS transmission, PDCCH transmission for Type0-PDCCH CSS sets and SR reception, is always treated as if it were configured as a Hard DU resource.
Proposal 7	Dedicated transmission directions in terms of DL/UL for cell-specific signals/channels should be maintained when configuring simultaneous operation at an IAB-node.
Proposal 8	It is FFS of how to specify IAB-MT’s behavior if symbols 1) for SSB reception are configured as UL; 2) for PRACH transmission are configured as DL; 3) for CORESET for Type0-PDCCH CSS set reception are configured as UL.
Proposal 9	The parent node is dynamically provided with changes of the IAB-node’s multiplexing-capability.
Proposal 10	Intra-carrier DC is not further studied for Rel-17 enhanced IAB.
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