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Introduction
This contribution presents ETRI’s views on simultaneous operations for IAB.

Discussion
IAB interference managements
The following agreements and FFS points on IAB interference management had been made in RAN1#103-e meeting [1]:
	Agreement
Interference management for the following IAB interference scenarios should be discussed: 
· Inter-IAB scenarios, including: 
· MT to MT, DU to DU, DU to MT, and MT to DU.
· Interference to non-IAB nodes, including:
· IAB-DU to non-IAB-DU
· IAB-MT to non-IAB-DU
· Intra-IAB-node (self-interference) scenarios (Interference between a DU and MT of an IAB-node).
This agreement does not necessarily mean that specification support is needed for any of the scenarios.

Agreement
Consider resource and beam coordination techniques to mitigate/avoid interference, including (not an exhaustive list):
· FFS: whether or not to support IAB‐node (MT) transmissions in DL access slots 
· FFS: if this has RAN1 impact or it can be handled by implementation.
· FFS: network coordination impact
· FFS: whether Rel-16 resource management framework is sufficient.

Agreement
Use the Rel-16 interference management frameworks (e.g. CLI, RIM) to handle IAB interference scenarios, and discuss if any of the following enhancements are needed (not an exhaustive list):
· FFS: extend the information exchange (e.g. the resource configuration, result of CLI measurements, etc.) among different entities (e.g. between parent-child nodes, adjacent IAB nodes, between network and IAB-node, etc.)  
· FFS: required enhancements on CLI measurement accuracy (e.g. via timing adjustment, etc.)
· FFS: required enhancements on CLI measurements (e.g. introducing short-term measurements, multi-beam measurements, etc.)




As discussed in RAN1#103-e meeting, there are a number of possible pairs of IAB interference environments. Since we will most likely have legacy UEs, (Rel-16) IAB-DUs, and (Rel-16) IAB-MTs in such situations, it would be worth to categorize what kind of legacy configurations can be utilized. From our understanding, at least the following cases can be considered:
· Case #1: IAB-node (MT) transmission in UL access slots
· Case #2: IAB-node (MT) transmission in DL access slots
· Case #2-1: At a given time instance (OFDM symbol(s)), MT is configured/indicated as “U” but UE is configured/indicated as “D”
· Case #2-2: At a given time instance (OFDM symbol(s)), both MT and UE are configured/indicated as “D”
· Case #3: IAB-node (DU) transmission in UL access slots (of MT)
· Case #4: IAB-node (DU) transmission in DL access slots (of MT)

Case #1 is naturally supported by the current specifications. Case #1 covers “MT to DU” interference scenarios and used to be handled by gNB (DU) implementations.
Case #2 covers “MT to MT” or “MT to UE” interference scenarios. Case #2 can be configured by one of the following two options. The first method (Case #2-1) is to configure/indicate “U” for an IAB-MT and to configure/indicate “D” for normal UEs or another IAB-node at a given time instance. Although case #2-1 can be done via proper dedicated DL-UL configurations, there has been no implementation practices for this case. Note that such misalignments of transmission/reception directions are not matched with GSMA recommendations. The second method (Case #2-2) is to configure/indicate “D” for an IAB-MT and to configure/indicate “D” for normal UEs or another IAB-node at a given time instance. However, if an OFDM symbol is configured/indicated as “D”, the IAB-MT does not consider that OFDM symbol as a valid UL symbol, and does not transmit any signal on the symbol. Therefore, an explicit signalling needs to be introduced to enable case #2-2. For both case #2-1 and #2-2 (if one of them is supported), it is required to consider symbol-level UL rate-matching or cancellation pattern to reduce UE’s (or MT’s) receiver complexity. 
Case #3 covers “DU to DU” interference scenarios. In case #3, the IAB-MT can be configured/indicated as “U” but the IAB-DU can be configured/indicated as “D” at a given time instance. Although case #3 has no issue from configuration perspectives, as aforementioned such misalignments of transmission/reception directions are not matched with GSMA recommendations. In this case, a certain level of DL power control can be a candidate to reduce DU’s receiver complexity and the potential impacts on legacy/non-IAB networks.
Case #4 covers “DU to MT” interference scenarios. Case #4 has no issue from configuration perspectives, as well. However, the self-interference in intra-IAB-node scenario may not be marginal for low-cost implementations and a certain level of DL power control can be helpful to enable simultaneous operations even for such simple IAB-nodes. 

Observation 1: The following cases can be clarified for ease of IAB interference management discussions.
· Case #1: IAB-node (MT) transmission in UL access slots
· Case #2: IAB-node (MT) transmission in DL access slots
· Case #2-1: At a given time instance (OFDM symbol(s)), MT is configured/indicated as “U” but UE is configured/indicated as “D”
· Case #2-2: At a given time instance (OFDM symbol(s)), both MT and UE are configured/indicated as “D”
· Case #3: IAB-node (DU) transmission in UL access slots (of MT)
· Case #4: IAB-node (DU) transmission in DL access slots (of MT)

Proposal 1: For case #2, a symbol-level UL rate-matching/cancellation pattern can be considered for MT’s UL slots.
Proposal 2: For case #2-2, an explicit signaling to permit transmission of IAB-MT in DL slots can be introduced.
Proposal 3: For case #3 and #4, an explicit signaling for DL power control of IAB-DU can be introduced.

Details on IAB TX power control
The following agreements and FFS points on IAB DL and UL Tx power control had been made in RAN1#103-e meeting [1]:
	Agreement
Further study requirement of enhanced DL and UL Tx power control mechanism considering the following: 
· DL/UL power control with assistance information from the child node.
· DL/UL power control with assistance information from the parent node.
· Central (e.g. by CU) power control coordination (e.g. semi-static max DL/UL Tx power limits).
· Coexistence of different power control mechanisms within an IAB node and in the network.
Note. Any power control mechanism should consider the following aspects:
· Existing base station design principles (e.g. power control and dynamic range capability, etc.) related to transmission power.
· Network constraints in regard to transmitted reference signals with constant power.




DL power ratio parameters
From Rel-16 specification perspective, a UE can be configured with a set of parameters on power ratio of DL channels/signals, such as Pc (the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback, configured by powerControlOffset), Pc,SS (the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE, configured by powerControlOffsetSS), or Pc,PDCCH (the assumed ratio of NZP CSI-RS EPRE to PDCCH EPRE, defined as 0 dB). Although these parameters do not represent the actual transmission power of gNB (i.e., gNB still has its flexibility on the actual transmission power for different channels/signals, since those parameters are provided just as the UE assumptions), it is also true that on top of the configured SSB transmission power by ss-PBCH-BlockPower UE will have a prior information on the power ratio across different DL channels/signals.
Figure 1 shows an example of such assumptions on DL power ratio according to the corresponding signalling. Since the relationships in Figure 1 are semi-statically configured, when the transmission power of one of DL channels/signals including SSB, PDCCH, CSI-RS or PDSCH, the UE (or IAB-MT) may be able to assume that the transmission powers of all the other DL channels/signals associated with the adjusted one are automatically changed as well. Since such automatic associations are related with a bunch of UE/MT procedures including CSI feedback, beam management, etc., it should be clearly clarified which type of options will be applied for IAB DL power control. From our perspective, per DL channel/signal DL power control through an additional set of power ratio parameters that covers time duration for simultaneous operation is preferred (e.g. by introducing Pc_delta and Pc,SS_delta, etc.). Consequently, IAB network can choose either to maintain the coverage of cell-specific channels/signals or to adjust transmission power of whole DL channels/signals for interference reduction. Since large specification impacts from RAN1 to RAN4 can be induced by introducing configurable Pc,PDCCH, more study on performance gain and specification impacts is required in case of Pc,PDCCH.
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[bookmark: _Ref61282553]Figure 1. An example of DL power ratio signaling across DL signals/channels

Proposal 4: Support additional power ratio parameters per DL signal/channel for simultaneous operations.
· Support Pc_delta and Pc,SS_delta, at least.
· FFS, Pc,PDCCH

Power splitting for the MT-Tx/DU-Tx case 
If the MT and DU have separate RF paths, the MT and DU will have their own transmit power constraints. However, if the MT and DU have a common RF path, there will be a transmit power constraint on the sum of the two transmit powers due to, for example, the maximum RF transmit power and EIRP. In this situation, a method of power splitting is required so as to determine the appropriate transmit powers of the MT and DU while not exceeding the transmit power constraint at the IAB node.
Regarding the power splitting between the MT-Tx (i.e., uplink) and DU-Tx (i.e., downlink), a specific power splitting rule needs to be studied, considering several aspects such as the transmission priority between the MT-Tx and DU-Tx. For example, the backhaul link to IAB-donor (transmitted by MT-Tx) can have higher priority than an access link to IAB-child (transmitted by DU-Tx) since the backhaul link contains data come from the access link. If the backhaul link fails, the message delivered by the access link will be lost as well. Another example to determine the transmission priority is the message type. Certain message types may have higher priority than others, e.g., system information, control information, RRC/MAC message, HARQ ACK/NACK, retransmission, etc. In case of the IAB node having no priority information, assistance information regarding the message priority can be delivered from the IAB child or IAB parent node.
Once the transmission priority between MT-Tx and DU-Tx is identified, the IAB node needs to split the total transmit power into MT-Tx power and DU-Tx power. The amount of transmit power split between MT-Tx and DU-Tx can be determined based on the transmission priority. Detailed examples on how to determine transmission power ratio between MT-Tx and DU-Tx are further discussed in our companion paper [2].

[bookmark: _Hlk61528310]Proposal 5: Discuss how to split transmit powers between MT-Tx and DU-Tx.

DL power control with assistance information for the MT-Rx/DU-Rx case
Simultaneous reception at the MT-Rx and DU-Rx may occur a power imbalance problem between the received signals from the IAB-parent and IAB-child nodes. If one of the two received signals has much higher power, it will be difficult to properly demodulate and decode the other received signal with much lower power. In this regard, transmit power control schemes are required both at the DU of the parent IAB node and at the MT of the child IAB node. The uplink transmit power control at the MT of the child IAB node can be done similarly to the conventional uplink power control scheme. The downlink transmit power control at the DU of the parent IAB node can be done by modifying the existing uplink power control mechanism.
Then, the remaining question is how to balance the received powers at the MT-Rx and DU-Rx, which can be done by the open-loop and/or closed-loop power control. For the open-loop power control, appropriate target received power and reference signal power at the MT and DU at the IAB node can be delivered to the DU of the parent IAB node and the MT of the child IAB node. For the closed-loop power control, TPC command can be used to increase, decrease, or maintain the transmit power level.

Proposal 6: Discuss how to balance received powers between MT-Rx and DU-Rx.

Conclusion
In this contribution, ETRI’s views on simultaneous operations for IAB were shown and the following observations and proposals were made:
Observation 1: The following cases can be clarified for ease of IAB interference management discussions.
· Case #1: IAB-node (MT) transmission in UL access slots
· Case #2: IAB-node (MT) transmission in DL access slots
· Case #2-1: At a given time instance (OFDM symbol(s)), MT is configured/indicated as “U” but UE is configured/indicated as “D”
· Case #2-2: At a given time instance (OFDM symbol(s)), both MT and UE are configured/indicated as “D”
· Case #3: IAB-node (DU) transmission in UL access slots (of MT)
· Case #4: IAB-node (DU) transmission in DL access slots (of MT)

Proposal 1: For case #2, a symbol-level UL rate-matching/cancellation pattern can be considered for MT’s UL slots.
Proposal 2: For case #2-2, an explicit signaling to permit transmission of IAB-MT in DL slots can be introduced.
Proposal 3: For case #3 and #4, an explicit signaling for DL power control of IAB-DU can be introduced.
Proposal 4: Support additional power ratio parameters per DL signal/channel for simultaneous operations.
· Support Pc_delta and Pc,SS_delta, at least.
· FFS, Pc,PDCCH
Proposal 5: Discuss how to split transmit powers between MT-Tx and DU-Tx.
Proposal 6: Discuss how to balance received powers between MT-Rx and DU-Rx.
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