Page 1
[bookmark: _Hlk47549402]3GPP TSG RAN WG1 Meeting #103-e	R1- 2009109
e-Meeting, October 26th – November 13th 2020
	
[bookmark: Source]Agenda item:	8.10.2
Source: 	Lenovo, Motorola Mobility
Title: 	Enhancements for simultaneous operation in IAB systems
[bookmark: DocumentFor]Document for:	Discussion and Decision
	Introduction
RAN1 started working on a new WI on enhancements for IAB ‎[1]‎[2] in RAN1#102-e and reached the following agreements ‎[3]:
	[bookmark: _Hlk49269411]Agreement
· 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)



Simultaneous operations cases, as agreed in RAN1#102-e, are shown below:
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[bookmark: _Ref54309434]. Simultaneous operations cases for enhanced IAB
In a companion paper ‎[4], we provide our views on specification of simultaneous operation for an IAB-node’s child and parent links. In this paper, we provide our views on specification of other features for multiplexing and duplexing enhanacements.
	Discussion
	Timing alignment
Since Case-1 timing alignment does not specify timing relationships for uplink, IAB nodes in Rel-16 normally follow the legacy timing advance (TA) procedure for uplink transmissions. For an IAB node with one antenna panel/RF frontend conncted to a baseband unit, symbol boundaries should be aligned for simultaneous transmisisons (Case-6 timing alignment) and simultaneous receptions (Case-7 timing alignment). Multi-panel scenarios are normally expected to impose less stringent constraints on timing alignment, and hence, timing alignment for Case C (Case 3) and Case D (Case 4) duplexing should be deprioritized.
[bookmark: _Toc54334220][bookmark: _Toc54335451][bookmark: _Toc54336345][bookmark: _Toc54337821][bookmark: _Toc54338578][bookmark: _Toc54339090][bookmark: _Toc54339222][bookmark: _Toc54340303][bookmark: _Toc54345671]Deprioritize timing alignment for Case C and Case D duplexing.
It can be shown that in a general multi-hop IAB topology with arbitrary propagation delays between adjacent IAB nodes, transmission and receptions cannot all be aligned simultaneously because there are not sufficient degrees of freedom. Therefore, applying a transmission timing alignment (Case-6) or reception timing alignment (Case-7) in an IAB node at a time results in misalignment at some other node in the proximity (in a general scenario). Furthermore, provided that signalling is specified to support timing alignment based on Case-6 and Case-7, it can be shown that both cases perform fairly similarly across different scenarios.
Semi-static and dynamic resource allocations were proposed in the previous meeting, and companies were encouraged to consider different aspects of “resource partitioning.” An important aspect of resource partitioning in a general multi-hop scenario is that timing of transmissions or receptions may need to be aligned (at the symbol level) differently at different IAB nodes and/or in different slots. Particularly, for an IAB node with a single antenna panel/RF frontend connected to a baseband unit, Case-6 timing alignment should be applied when UL resources are configured for IAB-MT and DL resources are configured for IAB-DU; and conversely, Case-7 timing alignment should be applied when DL resources are configured for IAB-MT and UL resources are configured for IAB-DU.
Therefore, we propose to specify timing alignment configuration for IAB nodes. A timing alignment configuration can be specified for a number of slots, a semi-static scheduled (SPS) channel, and so on. Configurations work well for hard DL/UL resources, but with flexible and/or soft resources, a timing alignment mode may or may not need to be applied at a particular time slot. Hence, lower layer control signal can be further employed to activate or trgigger a timing alignment mode “locally.”
[bookmark: _Toc54333407][bookmark: _Toc54334221][bookmark: _Toc54335452][bookmark: _Toc54336346][bookmark: _Toc54337822][bookmark: _Toc54338579][bookmark: _Toc54339091][bookmark: _Toc54339223][bookmark: _Toc54340304][bookmark: _Toc54345672]Support configuration and control signaling for applying Case-6 and Case-7 timing alignment at enhanced IAB nodes.
Note that it is desired to support operation of IAB systems with mixed Rel-16 and Rel-17 IAB nodes. Signaling and application of enhanced timing alignment schemes should therefore be transparent to Rel-16 IAB nodes.
In order to realize a scheme based on Case-6, an IAB node should align its uplink transmissions with downlink transimssions. Since downlink transmissions are already aligned in Case-6 similar to Case-1, the IAB node needs no additional information to apply Case-6.
However, the IAB node does need additional information for Case-7. Consider the scenario depicted in ‎Figure 2.
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[bookmark: _Ref47535681][bookmark: _Ref47559479][bookmark: _Ref47614243]. Example scenario
The goal is for the parent node (PN) and the child node (CN) to transmit signals simultaneously to the IAB node (N) in a way that symbol boundaries are aligned at N. Given that the downlink transmission from PN to N is already determined in Case-7 similar to Case-1, the only degree of freedom is to adjust the uplink transmission time.
Let us define the following notations:
· : the propagation delay between PN and N
· : downlink transmission time by PN
· : downlink reception time at N from PN
· : the propagation delay between CN and N
· : uplink transmission time by CN
· : uplink reception time at N from CN
A scheme based on Case-7 should set:

This is the transmission timing that should be applied by CN. We can assume that  is already known to CN as Case-1 already aligns all downlink transmission times across PN, N, and CN. However, additional signaling is needed to inform CN of the prorpagation delay term in the round brackets. 
[bookmark: _Toc54333409][bookmark: _Toc54334223][bookmark: _Toc54335454][bookmark: _Toc54336347][bookmark: _Toc54337823][bookmark: _Toc54338580][bookmark: _Toc54339092][bookmark: _Toc54339224][bookmark: _Toc54340305][bookmark: _Toc54345673]Define signaling to communicate information of the parent link propagation delay to child IAB nodes.
Power control
When an IAB node performs simultaneous operations in upstream and downstream through a single antenna panel, power imbalance between the two operations should be maintained within a threshold. In Case A (simultaneous Tx), the threshold is determined by the dynamic range of the power amplifier, while in Case B (simultaneous Rx), the threshold is determined by the resolution of the AGC. In either case, mechanisms for power control are needed to ensure that stronger signals do not corrupt weaker signals.
In legacy systems, open-loop and closed-loop power control procedures are specified to ensure balanced received powers from UEs. Since IAB Rel-16 inherits the same procedures, uplink transmit powers of IAB nodes are subject to full control by their respective parent nodes. This, however, can raise issues with simultaneous operation as explained below.
Consider the example scenario illustrated in ‎Figure 2. In that scenario, uplink transmit power of the IAB node (N) is controlled by the parent IAB node (PN). Consider Case A duplexing where PN schedules a PUSCH for N, and N schedules a simultaneous PDSCH for the child IAB node (CN). If the instantaneous uplink transmit power by N has a large offset with respect to its target downlink transmit power, N will be compelled to either alter its downlink transmit power or drop the transmission. This may be caused by a large power imbalance between upstream and downstream transmissions for N, or by a constraint on the total transmit power, and so on. However, prior information of the transmit power could help N to decide whether it wants to schedule any simultaneous downstream transmissions in the first place.
A similar issue may be raised for Case B duplexing. If the IAB node N does not obtain prior knowledge of the received power from its parent node PN, it may not be able to send TPC commands to its child node CN for a simultaneous communication in order to maintain a balanced receive power for signals received from PN and CN.
[bookmark: p2][bookmark: p3]Companies were encouraged in the previous meeting to further consider the following aspects related to resource partitioning ‎[3]:
	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



Resource partitioning refers to configuration and signalling that allocates resources to IAB nodes in a way that IAB node constraints on multiplexing/duplexing, timing alignment, interference, etc. are satisfied. These aspects are discussed under the agenda item 8.10.1 in ‎[4]. Power control is yet another aspect that we address in this section.
As discussed under 8.10.1, semi-static resource configuration (partitioning) provides a reliable means to coordinate on otherwise-complex aspects such as timing alignment, interference management, and so on. Power control in uplink and downlink is another aspect that can be handled by semi-static configurations in addition to lower layer control signaling. In this approach, power control processes are configured in a semi-persistent manner for each resource partition. This provides an early assessment of transmit and receive powers for IAB nodes on each resource partition so as to allow the IAB nodes to schedule simultaneous operations, signal transmit power control to child nodes, and so on. Such signalling can be controlled by the donor IAB-CU and further complemented by lower-layer signalling (MAC/DCI).
[bookmark: _Toc54333410][bookmark: _Toc54334224][bookmark: _Toc54335455][bookmark: _Toc54336348][bookmark: _Toc54337824][bookmark: _Toc54338581][bookmark: _Toc54339093][bookmark: _Toc54339225][bookmark: _Toc54340306][bookmark: _Toc54345674]Support power control configurations and signaling at least for Case A and Case B duplexing.
	Cross-link interference measurements
As discussed in ‎[4], different types of interference, including cross-link interference (CLI) and self-interference (SI), among adjacent IAB nodes and within an IAB node, can be handled by configuring reference signals that other IAB nodes in the vicinity can measure. These reference signals are naturally CSI-RS for DL resources and SRS for UL resources. This approach works well at least for handling interference among IAB nodes connected to the same IAB donor, because information of these designated CSI-RS/SRS configurations can be provided to all the IAB nodes by the IAB-CU. The case of interference among IAB nodes connected to different IAB donors can be further studied. Furthermore, CLI where either the aggressor or the victim is a UE can also be handled by existing CLI specifications.
CLI management was specified in Rel-16. Two types of CLI measurements were specified: SRS-RSRP and CLI-RSSI. The configurations specified for CLI Rel-16 are essentially periodic, and adjusting for timing offsets are left to implementation.
Given that a typical IAB deployment may allow IAB nodes to be in close proximity compared to a typical cellular system, especially in mobile IAB scenarios where a continuous CLI measurement and a flexible resource allocation for reference signals is needed, several aspects of CLI can be enhanced for application in IAB systems. For example, semi-persistent configurations where IAB nodes can activate or deactivate reference signal transmissions and measurements can be introduced so as to allow multi-hop IAB systems to gain “local” control over measurements and reporting.
Another aspect to enhance is adjusting for timing offsets. This was agreed to be left to implementation in CLI Rel-16 in order to avoid excessive signaling between cells for timing adjustments. However, since IAB-DUs transmit SS/PBCH blocks (unlike UEs), the timing obtained by receiving the downlink signals can be used to adjust timing, for example, for measuring SRS from the respective IAB-MTs.
[bookmark: _Toc54333411][bookmark: _Toc54334225][bookmark: _Toc54335456][bookmark: _Toc54336349][bookmark: _Toc54337825][bookmark: _Toc54338582][bookmark: _Toc54339094][bookmark: _Toc54339226][bookmark: _Toc54340307][bookmark: _Toc54345675]Consider enhancements for improving resource management and timing adjustment for CLI measurements in IAB systems.
	Conclusions
[bookmark: _GoBack]In this contribution, we discussed other enhancements for simultaneous operation of child and parent links of an IAB-node and made the following proposals:
Proposal 1:	Deprioritize timing alignment for Case C and Case D duplexing.
Proposal 2:	Support configuration and control signaling for applying Case-6 and Case-7 timing alignment at enhanced IAB nodes.
Proposal 3:	Define signaling to communicate information of the parent link propagation delay to child IAB nodes.
Proposal 4:	Support power control configurations and signaling at least for Case A and Case B duplexing.
Proposal 5:	Consider enhancements for improving resource management and timing adjustment for CLI measurements in IAB systems.
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