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[bookmark: _Ref524607970]Introduction
In the accompanying papers [1] and [2] we discuss:
· IAB-node timing-alignment options, 
· Resource-configuration mechanism to achieve a flexible multiplexing of different link types of an IAN node, see also Figure 1 below
This paper summarizes the conclusions and proposals in [1] and [2]. 
[image: ]
[bookmark: _Ref525025895]Figure 1: Link terminology in the IAB network.
Timing alignment [1]
At RAN1#93 [3], the following alternatives/cases regarding IAB-node transmission and reception timing were captured:
Agreements:
· Case #1: DL transmission timing alignment across IAB nodes and donor nodes
· Case #2: DL and UL transmission timing is aligned within an IAB node
· Case #3: DL and UL reception timing is aligned within an IAB node
· Case #4: within an IAB node, when transmitting using case 2 while when receiving using case 3
· Case #5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slot

At RAN1#94 [4], the list of cases was extended with the following two cases:
· 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

In [1] we conclude the following

[bookmark: _Toc525894603][bookmark: _Toc525897336][bookmark: _Toc525901986][bookmark: _Toc525905566][bookmark: _Toc525913688]From an IAB specification point-of-view, there is no difference between case #1 and case #7 timing.

Case #6 timing implies that the parent node is no longer in control of the IAB-node uplink transmitter timing and prevents timing alignment between different uplink transmissions received by the parent node.

[bookmark: _Toc525905568][bookmark: _Toc525913690][bookmark: _Toc525894605][bookmark: _Toc525897338][bookmark: _Toc525901988]Timing case #2 and #3, in combination with an assumption that the downlink transmission timing should be aligned between different nodes with a maximum specified deviation, limit the geographical extend of an IAB chain

Based on the above observations, taking into account that case #1 has already been agreed to be supported and the fact that, from a specification point-of-view, case #1 and case #7 are identical, we propose that the downlink transmission timing of IAB nodes should follow the basic principle of case #1 and case #7, i.e. downlink transmissions of IAB nodes are mutually aligned, together with an understanding that uplink reception timing is an IAB-node implementation issue not covered by the specification. 

[bookmark: _Toc525894608][bookmark: _Toc525897341][bookmark: _Toc525901991][bookmark: _Toc525905571][bookmark: _Toc525913693]IAB-node downlink transmissions are time-aligned between IAB nodes. IAB-node uplink reception timing is an IAB-node-internal decision not covered by the specification.
We also conclude what is needed to enable such downlink transmission timing alignment (see [1] for details):
The downlink transmission timing of an IAB node is derived from the downlink reception timing, the downlink-to-uplink timing offset of the MT part of the IAB node (TA), and a parameter T provided by the parent node. 

[bookmark: _Ref524961923]Resource coordination [2]
In RAN1#93 [3], the following agreements on resource coordination and scheduling were reached:
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 signaling) 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 signaling (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

In [2] we conclude the following:

[bookmark: _Toc525204827][bookmark: _Toc525217946][bookmark: _Toc525218282][bookmark: _Toc525218633][bookmark: _Toc525223769][bookmark: _Toc525223924][bookmark: _Toc525558505][bookmark: _Toc525559275][bookmark: _Toc525631247][bookmark: _Toc525635688][bookmark: _Toc525716837][bookmark: _Toc525733410][bookmark: _Toc525894606][bookmark: _Toc525897339][bookmark: _Toc525901989][bookmark: _Toc525905569][bookmark: _Toc525913691]There are (at least) three factors that needs to be taken into account when considering the assignment of transmission resources to the different links of an IAB node: node capability, possible lack of timing-alignment between different links, and cross-link interference (CLI) management.
There is thus a need for flexible mechanism to configure the resources to different links of the IAB node. Such mechanisms should make it possible to adjust to different limitations as the ones described above while still keeping a high-degree of flexibility for the IAB-node scheduler, enabling high efficiency in terms of resource utilization at the IAB node. To achieve this, we propose (see [2] for details) that an IAB node can be configured with different sets of time-domain resources. These sets, in combination with the IAB node capabilities in terms of, for example, half-duplex vs full-duplex capability, analog vs digital beamforming, etc, imply different constraints on the IAB node scheduler.
More specifically, we propose the following:
[bookmark: _Toc525905440][bookmark: _Hlk525922556]Define the following set of time-resources for IAB-node resource configuration:
· [bookmark: _Toc525905441]Set-1: time resources during which the IAB node should be capable of receiving the DL backhaul (LP,DL)
· [bookmark: _Toc525905442]Set-2: time resources during which the UL parent backhaul (LP,UL) may be scheduled.
· [bookmark: _Toc525905443]Set-3: time resources during which the IAB node should not schedule transmission on UL access links (LA,UL)
[bookmark: _Toc525905444]During time resources not part any of the above sets, the IAB node can make local decisions on how to schedule child links and how to react on scheduling grant/assignment from the parent node.

If a collision happens between a scheduling grant available for the UL parent backhaul (LP,UL) and an already issued scheduling grant for the UL child backhaul (LC,UL), and the IAB node has data available for uplink transmission on LP,UL, there are two options: 
· Option 1: the IAB node transmits on UL parent backhaul and ignore the possible UL transmission on the child link;
· Option 2: the IAB node does not transmit on UL parent backhaul

If a collision happens between a scheduling grant available for the UL parent backhaul (LP,UL) and an already issued scheduling grant for the UL child backhaul (LC,UL), and the IAB node has data available for uplink transmission on LP,UL, there are two options: 
· Option 1: the IAB node transmits on UL parent backhaul and ignore the possible UL transmission on the child link;
· Option 2: the IAN node does not transmit on UL parent backhaul

[bookmark: _Ref178064866]Conclusion

1. IAB-node downlink transmissions are time-aligned between IAB nodes. IAB-node uplink reception timing is an IAB-node-internal decision not covered by the specification.

The downlink transmission timing of an IAB node is derived from the downlink reception timing, the downlink-to-uplink timing offset of the MT part of the IAB node (TA), and a parameter T provided by the parent node. 

Define the following set of time-resources for IAB-node resource configuration:
· Set-1: time resources during which the IAB node should be capable of receiving the DL backhaul (LP,DL)
· Set-2: time resources during which the UL parent backhaul (LP,UL) may be scheduled.
· Set-3: time resources during which the IAB node should not schedule transmission on UL access links (LA,UL)
During time resources not part any of the above sets, the IAB node can make local decisions on how to schedule child links and how to react on scheduling grant/assignment from the parent node.

If a collision happens between a scheduling grant available for the UL parent backhaul (LP,UL) and an already issued scheduling grant for the UL child backhaul (LC,UL), and the IAB node has data available for uplink transmission on LP,UL, there are two options: 
· [bookmark: _GoBack]Option 1: the IAB node transmits on UL parent backhaul and ignore the possible UL transmission on the child link;
· Option 2: the IAB node does not transmit on UL parent backhaul
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