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1. Introduction
[bookmark: __DdeLink__211_4233597738]Based on the agreements in RAN1 #106bis-e meeting, this contribution describes the potential enhancements related to simultaneous transmission (Tx) and/or reception (Rx) modes of operation in IAB networks where the different simultaneous Tx and/or Rx modes of operation are
· 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 
2. Enhancements in handling interference
The following conclusion was made in RAN1#106bis-e related to interference management [1]:
Conclusion
RAN1 does not discuss further proposals for IAB interference management enhancements in 8.10.2. 
3. Enhancements related to power control
The following agreements were made in RAN1#106bis-e related to UL power control [1]:
Agreement
The desired IAB-MT’s UL PSD range, provided by an IAB-MT to its parent-node, is indicated via a new MAC-CE.
· The indication further includes the associated configurations for which the indicated PSD range is applicable.
· FFS: the range of values for the indicated PSD range and whether RAN4 input is needed. 
· FFS: IAB-MT’s behaviour in case the configured/indicated UL TX power is outside the indicated desired PSD range and whether RAN4 input is needed.

RAN 4 has already given maximum and minimum limits for UL transmit power range in legacy NR . For a simultaneous transmission case, the desired UL PSD range can be decided by adding an offset to the already available limits by the  IAB node itself. The offset can be based on the available power at the IAB-MT after sharing total power with co-located IAB-DU for simultaneous DL transmission. For e.g., If maximum and minimum limit for UL transmit power defined in legacy NR is X dBm and Y dBm respectively and if the power is shared equally among MT and DU, the offset will be 3 dB. Therefore, the desired new limit will be ((X-3) to Y) dbm instead of (X to Y) dbm. Thus, extra RAN 4 inputs may not be needed for deciding the desired UL PSD range. 
Proposal 1: The desired IAB-MT’s UL PSD range should be based on flexible offset decided by the IAB node without requiring extra RAN4 inputs.
[bookmark: __DdeLink__4682_477765937]To operate in simultaneous transmission mode, the parent should configure the new UL power within desired UL-PSD for the purpose of power sharing. If the configured/indicated UL TX power is outside the indicated desired PSD range, then the IAB node should operate in fallback mode, which is TDM.

Proposal 2: The IAB node fallback to TDM mode if the configured/indicated UL TX power is outside the indicated desired PSD range.

The following agreement was made in RAN1#106bis-e related to DL power control [1]:

Agreement
The following alternative is selected for the association between the indicated parent-node’s DL TX power adjustment, provided by an IAB-MT to its parent-node, and IAB-node’s resources and/or configurations:
· Alt 2. The desired DL TX power adjustment is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode
· MT’s DL beam (e.g. TCI state id)
· (MT CC, DU cell) pair
· DU resource configuration
· FFS: Slot index
· FFS: timing mode (e.g., Case-7 timing)

It is useful to associate desired DL Tx power adjustment with slot index. For e.g., an IAB node indicates the desired DL Tx power adjustment for a particular multiplexing mode in advance so that IAB node get enough processing time for scheduling its DU Also, it is also beneficial for the parent node, in terms of getting the information of multiplexing mode adopted at the IAB node. Thus, it is beneficial to have slot index as one of the associated configurations of the desired DL Tx power adjustment. 

Proposal 3:  The slot index should be included as a configuration associated with the parameter desired DL TX power adjustment 

Agreement
The DL TX power adjustment, provided by the parent-node to IAB-MT, is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode 
· MT’s DL beam (e.g., TCI state id, RS id)
· (MT CC, DU cell) pair
· DU resource configuration
· FFS: DL signal/channel type
· FFS: slot index
· FFS: timing mode (e.g., Case-7 timing)
The DL TX power adjustment is provided by the parent-node to IAB-MT in response to the desired DL TX power adjustment requested by IAB-MT for a particular slot. Therefore, the slot index should be one of the associated configurations of the parameter DL TX power adjustment . It will help the IAB node to identify for which slot the response is valid. Also, the parent node may not adjust the DL Tx power of some slots which are configured for important DL signals like SSB. It is beneficial to adjust the DL power for all physical DL channels with respect to interference mitigation at IAB node. Whereas there may be some channels for which it is difficult for parent to adjust its DL power for e.g., PDCCH and PDSCH will require different power adjustment in DL. Therefore, the DL Tx power adjustment should be associated with DL signal/channel type.
Proposal 4: The DL Tx power adjustment, provided by the parent-node to IAB-MT, should be associated with the applicable slot index and DL signal/channel type 
Agreement
The DL TX power adjustment, provided by the parent-node to the IAB-MT, is indicated via MAC-CE.
· The indication further includes the associated configurations and/or resources for which the indicated power adjustment is applicable.
· The indicated adjustment is in terms of a relative offset to a reference DL TX power. 
· FFS: the reference power (e.g., an RS such as CSI-RS, etc) for the indication of DL Tx power adjustment.
· FFS: the range of values for the indicated adjustment. 

The DL power adjustment is needed to mitigate the power imbalance between MT and DU reception at reference IAB node. Thus, the applied relative offset for DL power adjustment can be a fixed value based on the desired DL Tx power adjustment request received from IAB node. There can be a range of values among which one is selected by the parent node and signalled to the IAB node for adjustment. The range can be defined in the specifications and known to both parent node and IAB nodes just like the TPC range for UL power control and hence it does not require to be signaled. The desired DL Tx power adjustment from IAB node to parent node is measured on last received CSI-RS in DL at IAB node, and it depends on either the difference between the received powers in child/access link and backhaul links, or the interference measured on CSI-RS caused by dominating signal among the two received signal in simultaneous reception at IAB node. Hence, the power of DL CSI-RS transmitted by parent node should be taken as reference power.
Proposal 5: Transmit power used by parent node for the DL CSI-RS should be taken as the reference power for the indicated DL Tx power adjustment provided by the parent-node to the IAB node
[bookmark: __DdeLink__5047_477765937]Proposal 6: Define a fixed table for the DL power adjustment range (e.g., like TPC table) in specifications and indicate a fixed value as an offset from parent node to IAB-MT.


Agreement
The desired parent-node’s DL TX power adjustment, provided by an IAB-MT to its parent-node, is indicated via MAC-CE.
· The indication further includes the associated configurations and/or resources for which the indicated power adjustment is applicable.
· The indicated adjustment is in terms of a relative offset to a reference DL TX power. 
· FFS: the reference power (e.g., an RS such as CSI-RS, etc) for the indication of desired adjustment.
· FFS: the range of values for the indicated adjustment.

As given in our previous justification for reference power, the DL power adjustment request is based on the transmit power of previous/last received CSI-RS signal by IAB-MT from parent node. The adjustment is an offset value decided by measuring the interference on CSI-RS caused by dominating signal in simultaneous reception  and hence CSI-RS should be taken as reference power. Also, the range of values for the indicated adjustment should be predefined in specifications as a table just like TPC range table and need not to be signaled, only a fixed offset or a value in the table as an index in bit form is needed to be signaled as a request in compliance with our previous explanation of proposal 6.
Proposal 7: Transmit power used by parent node for the DL CSI-RS  should be taken as the reference power for the desired parent-node’s  DL Tx power adjustment provided by an IAB node to its parent-node.
Proposal 8: Define a fixed table for desired parent-node’s DL TX power adjustment (e.g., like TPC table) in specifications and indicate a fixed value as an adjustment from IAB node to parent node.
4.  Timing related enhancements
The following agreement was made in RAN1#106bis-e [1] related to OTA synchronization mechanism at an IAB node following case 6 timing
Agreement
RAN1 to down select in RAN1#107-e one of the following for an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode:
· Alt 1: no change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing.
· Alt 2: in Rel-17 the Rel-16 OTA synchronization specification is updated to support OTA synchronization for an IAB-node operating solely in Case 6 timing during IAB-MT Tx. 
· FFS range of T_delta.
NOTE: this is to provide a feasible solution to the RAN1#103-e agreement: “An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode”
The alignment of UL-Tx timing at IAB-MT with DL-Tx timing IAB-DU causes misalignment of DL-Tx and UL-Rx at parent-DU and impacts the value of T_delta signalled by the parent node. For e.g., in case of IAB node following case 6 timing, the UL-Rx will be delayed from DL-Tx at parent-DU by the factor equal to propagation delay (T1) between parent-DU and IAB-MT. Therefore, the value of T_delta signalled by the parent node is T1/2, whereas for the legacy case T_delta accounts for the synchronization error, which s much smaller compared to propagation delay. Parent node signalling legacy TA along with the modified value of T_delta impacts the OTA synchronization at the IAB node. For the e.g., mentioned above, the OTA synchronization process based on the legacy TA=2T1 is given by TA/2+T_delta= T1 + T1 /2=3/2T1, which is different from the actual value of DL-Tx time (i.e., T1) needed at IAB node. Therefore, IAB node following Case 6 timing impacts the value of T_delta signalled by the parent node and OTA synchronization at IAB node. In Alt1, the IAB node fall back to TDM mode to perform OTA synchronization and no enhancement is needed for Rel. 16 OTA synchronization procedure. However, IAB node falling back to TDM mode frequently for OTA synchronization is not an efficient and practical approach. Already there are agreements that says case 6 timing at IAB node is under the control of parent node and parent node explicitly indicates the time resource in which Case 6 timing is performed at the IAB-node. Therefore, parent node has a clear understanding of the time resource in which IAB node operates in case 6 timing and can signal necessary parameters to IAB node for operating in case 6 timing. Parent node updates the legacy TA along with T_delta for OTA synchronization at IAB node operating case 6 timing. For e.g., parent node signals TA value to an IAB node in case 6 timing such that UL-Rx is delayed from DL-Tx at parent-DU by the factor T1 and T_delta as T1/2. The IAB node  perform OTA synchronization as TA/2+T_delta= T12 + T1 /2=T1. The TA value for case 6 timing can be updated explicitly or signalling additional offset parameter from the legacy TA.
Observation 1: IAB node following Case 6 timing impacts the value of T_delta signalled by the parent node and OTA synchronization at IAB node
Observation 2: IAB node falling back to TDM mode frequently for OTA synchronization is not an efficient and practical approach
Proposal 9: Parent node signals new TA value corresponding to case 6 timing, either explicitly or as additional offset, along with modified T_delta for OTA synchronization at IAB node following case 6 timing
In case of parent node following case 7 timing, the alignment of receptions at parent node is obtained by advancing the UL-Tx timing at IAB-MT node from DL-Rx timing by a factor 2T1+nTs-T0=TA+Toffset, where Ts denotes the symbol duration, T0 denotes propagation delay in backhaul link of parent node, T1 denotes the propagation delay in backhaul link of IAB node, TA denotes legacy timing advance, and Toffset=nTs-T0 denotes the additional offset required from parent node. Alignment of DL-Rx and UL-Rx at parent node following case 7 timing causes misalignment of DL-Tx and UL-Rx at parent-DU and impacts the value of T_delta signalled by the parent node to the IAB node. The UL-Rx at parent-DU will be delayed from DL-Tx by a factor T0-nTs, and the corresponding value of T_delta=(T0-nTs)/2. Therefore, additional offset signaled by parent node is needed along with legacy TA and modified T_delta for OTA synchronization at IAB node. 
Observation 3: Parent IAB node following Case 7 timing impacts the value of T_delta signalled by the parent node to IAB node and the OTA synchronization at IAB node
Proposal 10: IAB node performs OTA synchronization using legacy TA, additional offset, and modified T_delta values
Regarding the signalling of time resources for operating in various timing modes, RAN1#106-e made the following agreement [2]
Agreement
An IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources.
· FFS: whether the indication should be associated with another dimensions, e.g. multiplexing cases
· FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node.
Conclusion
Details on the design of the indication of when Case 6 timing (and Case 7 timing, if agreed) is performed at the IAB-node are to be discussed under 8.10.1.
IAB node operating in case 6 timing has significant impact on the parent node. For e.g., timing of UL-Rx at parent-DU changes when IAB node operate in case 6 timing, and the parent-DU has to make necessary adjustments. Similarly, parent node must update the T_delta and guard information when IAB node switches from case 1 to case 6 timing. Since Case 6 timing and simultaneous Tx mode are closely related, parent node signals the timing instance at which IAB node operate in case 6 timing along with multiplexing mode. For e.g., IAB node is indicated by the parent node the time instance at which IAB node operate in simultaneous Tx mode with case 6 timing.
Proposal 11: IAB node is indicated by the parent node the time instance at which IAB node operate in a multiplexing mode with case 6 timing
Symbol level alignment is agreed for IAB node operating in case 7 timing. In the expression for TA in symbol level alignment, the value of n is chosen such that 2T1+nTs > T0, so that TA signalled to the IAB node is positive. Therefore, in case of IAB node following case 7 timing, the value of n is different for different child nodes based on the propagation delay between IAB node and its child node. Therefore, UL reception from various child nodes will not be aligned at the IAB node. Also, the unaligned symbols at the start of UL-Rx slot may overlap with symbols of previous slot and the overlap varies with the value of n. Therefore, in case of symbol level alignment, the additional guard symbols may be needed to avoid overlap. Further, an IAB node following Case 7 timing with symbol level alignment, the UL-Rx at IAB-DU may overlap with previous slot of IAB-MT and the overlap depends on the value n used in symbol level alignment. However, the IAB node can insert the additional guard symbols at IAB-DU to avoid overlap with IAB-MT. Therefore, the parent node is unaffected by an IAB node operating in case 7 timing. There is no need of explicit indication from parent node to indicate to the IAB node when Case 7 timing is performed at the IAB-node 
Observation 4: Parent node is unaffected by an IAB node operating in case 7 timing and there is no need of explicit indication from parent node to indicate to the IAB node when Case 7 timing is performed at the IAB-node
Proposal 12: IAB node in case 7 timing inserts additional guard symbols at IAB-DU to avoid overlap with IAB-MT
The interference experienced over the whole slot might not be uniform in symbol level alignment since there is no slot level alignment among all the receptions. Hence, if the interference for the whole slot is determined from just one symbol within the received slot from the IAB-MT, the interference might vary a lot for the other symbols within the same slot. This is because, for e.g., the received slot has a combination of interference from 2 different slots. Therefore, reference signal configuration and interference measurement in symbol level alignment scenario should be studied.
Observation 5: Interference experienced over the whole slot might not be uniform in symbol level alignment
[bookmark: __DdeLink__1227_2961651405]Proposal 13: Study the impact of symbol level alignment on reference signal configuration and interference measurement
5. Conclusion
The contribution makes the following observations and proposals.
Proposal 1: The desired IAB-MT’s UL PSD range should bebased on flexible offset decided by the IAB node without requiring extra RAN4 inputs.
Proposal 2: The IAB node fallback to TDM mode if the configured/indicated UL TX power is outside the indicated desired PSD range.

Proposal 3:  The slot index should be included as a configuration associated with the parameter desired DL TX power adjustment 

Proposal 4: The DL Tx power adjustment, provided by the parent-node to IAB-MT, should be associated with the applicable slot index and DL signal/channel type 
Proposal 5: Transmit power used by parent node for the DL CSI-RS should be taken as the reference power for the indicated DL Tx power adjustment provided by the parent-node to the IAB-MT
Proposal 6: Define a fixed table for the DL power adjustment range (e.g., like TPC table) in specifications and indicate a fixed value as an offset from parent node to IAB-MT.
Proposal 7: Transmit power used by parent node for the DL CSI-RS  should be taken as the reference power for the desired parent-node’s  DL Tx power adjustment provided by an IAB node to its parent-node.
Proposal 8: Define a fixed table for desired parent-node’s DL TX power adjustment (e.g., like TPC table) in specifications and indicate a fixed value as an adjustment from IAB node to parent node.
Observation 1: IAB node following Case 6 timing impacts the value of T_delta signalled by the parent node and OTA synchronization at IAB node
Observation 2: IAB node falling back to TDM mode frequently for OTA synchronization is not an efficient and practical approach
Proposal 9: Parent node signals new TA value corresponding to case 6 timing, either explicitly or as additional offset, along with modified T_delta for OTA synchronization at IAB node following case 6 timing
Observation 3: Parent IAB node following Case 7 timing impacts the value of T_delta signalled by the parent node to IAB node and the OTA synchronization at IAB node
Proposal 10: IAB node performs OTA synchronization using legacy TA, additional offset, and modified T_delta values
Proposal 11: IAB node is indicated by the parent node the time instance at which IAB node operate in a multiplexing mode with case 6 timing
Observation 4: Parent node is unaffected by an IAB node operating in case 7 timing and there is no need of explicit indication from parent node to indicate to the IAB node when Case 7 timing is performed at the IAB-node
Proposal 12: IAB node in case 7 timing inserts additional guard symbols at IAB-DU to avoid overlap with IAB-MT
Observation 5: Interference experienced over the whole slot might not be uniform in symbol level alignment
Proposal 13: Study the impact of symbol level alignment on reference signal configuration and interference measurement
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