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1	Introduction
The study of Integrated Access and Backhaul (IAB) is an essential component of NR deployments providing a mechanism to achieve coverage and reliability targets in the absence of wired backhaul connection [1]. This contribution deals with different implementation options for IAB node subject to a half-duplex constraint.  
Relevant agreements made in RAN1#93 [2] and RAN1#94 [3] are listed in the Appendix.
2	Discussion  
It has been agreed in RAN1#93 that “IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint”. In the following we discuss different implementation options for IAB node from standards impact point of view.

FDM/SDM approach

In the case of FDM/SDM half-duplex, IAB is either transmitting or receiving access and backhaul at the same time as shown in Figure 1 [3]. 
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[bookmark: _Ref524610462]Figure 1 FDM/SDM scenario with two separate phases: IAB Tx and IAB Rx.

It can be noted that FDM/SDM scenario can be implemented with one or multiple antenna panels at the IAB node. In the single panel scenario, IAB node needs to process Parent BH and Child links using the same baseband. The following issues needs to be considered in this scenario:
· Parent BH and Child link(s) share a common PAs  potentially reduced DL coverage for the Child links (compared to a multi-panel scenario).
· IAB reception suffers from power imbalance between Parent BH and Child links  inter-symbol interference needs to be mitigated.
· Tx and Rx timing alignment between Parent BH and Child link(s) may be required at the IAB node.  

For a multi-panel scenario, we assume that each panel is equipped with a separate baseband [4]. We also assume that Parent BH and Child link(s) are processed with different panels and/or by means of TDM. This means that:
· Transmission power for Parent BH and Child link(s) are not limited by each other.
· Rx power imbalance between Parent BH and Child links is not an issue.
· Tx/Rx timing alignment between Parent BH and Child link(s) is not needed.  

In order to minimize the standardization efforts, and based on the discussion above we think that the following scenario should be considered as the baseline IAB configuration for the case of SDM/FDM between Parent BH and Child links:
· Multi-panel deployment
· Separate baseband per panel
· Parent BH and Child links are processed with different antenna panels and/or by means of TDM.

We also think that other scenarios including 1) single panel scenario and 2) multi-panel scenario with FDM/SDM between Parent BH and Child links within a panel can be seen as IAB implementation -specific options. For example:
· Proper PA dimensioning can ensure sufficient coverage for both Parent UL BH and Child DL link(s).
· Rx timing mis-alignment in the FDM scenario can be managed by means of guard band between Parent BH and Child links. 
· Tx timing alignment between Parent BH and Child can be managed by IAB implementation-based solutions [5].

Based on the discussion above, we make the following observations and proposals: 
Proposal 1: Consider the following scenario as the baseline IAB operation for the case of SDM/FDM between Parent BH and Child links:
•	Multi-panel deployment
•	Separate baseband per panel (multiple baseband)
•	Parent BH and Child links are processed with different antenna panels and/or by means of TDM.


Observation 1: Single panel scenario and multi-panel scenario with FDM/SDM between Parent BH and Child links within a panel can be seen as IAB implementation -specific options, which do not require standardization efforts in Rel-16.


TDM approach

TDM between BH and Child links can be implemented by means of single or multiple antenna panels at the IAB node. Since different BH and Child links are running at different time instants, there are no coexistence issues between different links regardless of the implementation option selected.

Observation 2: Coexistence between Parent BH and Child links does not require standardization efforts. 


3	Conclusions
In this contribution, we have discussed different implementation options for IAB node subject to a half-duplex constraint. Based on the discussion, we make the following proposal and observations:

Proposal 1: Consider the following scenario as the baseline IAB operation for the case of SDM/FDM between Parent BH and Child links:
•	Multi-panel deployment
•	Separate baseband per panel (multiple baseband)
•	Parent BH and Child links are processed with different antenna panels and/or by means of TDM.

Observation 1: Single panel scenario and multi-panel scenario with FDM/SDM between Parent BH and Child links within a panel can be seen as IAB implementation -specific options, which do not require standardization efforts in Rel-16.

Observation 2: Coexistence between Parent BH and Child links does not require standardization efforts. 
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Appendix

The following agreements were related to resource allocation were made in RAN1#93 [2]:
Agreements:
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS

Agreements:
· Downlink IAB transmissions (transmissions from an IAB node to child IAB nodes and UEs directly under the IAB node) should be scheduled by the IAB node itself.
· Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node.
· Semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB nodes. 
· The following aspects should be further studied:
· Distributed or centralized coordination mechanisms
· Resource granularity of the required signalling (e.g. TDD configuration pattern)
· Exchange of L1 and/or L3 measurements between IAB nodes
· Exchange of topology related information (e.g. hop order) impacting RAN1 study
· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination.

The following agreements were related to resource allocation were made in RAN1#94 [3]:

Agreements:
Capture the following definitions in the TR:
· Access link: a link between an access UE and an IAB node or IAB donor (LA,DL or LA,UL)
· Backhaul link: a link between an IAB node and an IAB child node (LC,DL or LC,UL)or IAB parent node (LP,DL or LP,UL)
· Note: the IAB node may have its functions for UL access and child BH respectively in the same location or different locations, which is not the scope of RAN1 discussion
· Note: For a given BH link for an IAB node, it may be a parent BH or a child BH, depending on the topology/architecture, which is not the scope of RAN1 disucssion
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Agreements:
An IAB node can support the following cases using existing MU-MIMO or sectorization mechanisms:
· Case A: multiplexing of DL transmissions to access UEs and child IAB nodes 
· Case B: multiplexing of UL transmissions from access UEs and child IAB nodes

Agreements:
Clarify the SDM/FDM scenario definition: 
· SDM/FDM Tx: An IAB node simultaneous transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node)
· SDM/FDM Rx: An IAB node simultaneous receives in the DL (a transmission from a parent node) and receives in the UL (from an access UE and/or child IAB node)
For the support of SDM/FDM, further study the following aspects:
· Transmit power coordination between parent and child links 
· Considerations of single panel vs. multi-panel operation (single or multiple baseband)
· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7)

Agreements:
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
· FFS: TA required for IAB nodes to support these cases
· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes
· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes





Agreements:
· For the support of TDM, at least the following cases are supported:
	
	TDM Between:
	

	Case
	Link 1
	Link 2
	Supported by a pattern?

	1
	LP,DL
	LC,DL
	Yes

	2
	LP,UL
	LC,UL 
	Yes

	3
	LP,DL
	LC,UL
	Yes

	4
	LP,UL
	LC,DL 
	Yes

	5
	LP,DL
	LA,DL 
	Yes

	6
	LP,UL
	LA,UL 
	Yes

	7
	LP,DL
	LA,UL
	Yes

	8
	LP,UL
	LA,DL 
	Yes

	9
	LP,DL
	LA,DL and LC,DL
	Yes

	10
	LP,UL
	LA,UL and LC,UL
	Yes

	11
	LP,DL
	LA,UL and LC,UL
	Yes

	12
	LP,UL
	LA,DL and LA,DL
	Yes

	13
	LC,DL
	LA,DL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	14
	LC,UL
	LA,UL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	15
	LC,DL
	LA,UL
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	16
	LC,UL
	LA,DL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements



Note: A given pattern may include support for multiple cases, details FFS.
At least for Cases 1-12, an IAB node is configured with IAB-node specific resources in time available for the links:
· Further study details of the adaptation period and granularity (e.g. slot or symbol-level) of the pattern provided to the IAB node, including
· Explicit or implicit indication of the resources
· Enhancements to existing signaling mechanisms to indicate the pattern
· Further study the indication of resources within the configuration which can be dynamically and flexibly used for different links, including
· The need to consider the scheduling delay, IAB node processing delays, or information required to be available for the use of flexible resources
· Mechanisms to schedule flexible resources (e.g. GC-PDCCH)
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