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Introduction
In this contribution, we discuss on other enhancement for simultaneous operation.
- Timing Alignment
- Interference Measurement
- Power Control

Timing Alignment
Details for supporting Case 7 Timing
In RAN1#102-e meeting [1], it was agreed that case 7 timing is supported for supporting multiplexing scenario Case B (simultaneous MT-Rx/DU-Rx). We continue to discuss details for supporting Case 7 timing as follows: 
· Whether slot boundary of IAB-DU should be kept or not
· How to operate timing advance in IAB-DU and child IAB-MT side
· Whether the timing alignment mechanism for cast 7 timing can be applied for multiplexing case D (i.e., simultaneous MT-Tx/DU-Rx) or not

For the discussion about slot-/symbol-level alignment for case 7 timing, an exemplary figure is provided as below:

  
(a) Case 1 timing                                                                     


(b) Case 7 timing
Figure 1. Cases of timing alignment for IAB

In Figure 1.(a), it is assumed that slot boundary of IAB-DU could be kept for both downlink and uplink. On the other hand, in Figure 1.(b), it is depicted that receiving slot boundary of IAB-DU can be changed for operating Case 7 timing because it is assumed for Case 7 timing that the both slot and OFDM symbol boundary of IAB-DU is aligned with received time duration (i.e., slot and OFDM symbol) of IAB-MT. Generally, it can be assumed that whether slot boundary of IAB-DU to be changed or not is up to IAB implementation. However, if we consider an interference impact (e.g., UE2UE CLI, Inter-operator interference) and system operation (e.g., resource allocation, slot wise operation), it needs to be discussed whether slot boundary of IAB-DU for both downlink and uplink should be kept or not for operating the timing alignment cases for IAB.



Figure 2. Case 7 timing with keeping slot boundary 

In Figure 2, it is depicted that slot boundary of IAB-DU for both downlink and uplink is kept when Case 7 timing is operated. In this case, it is shown that slot boundary between IAB-MT Rx and IAB-DU Rx is not aligned. But, it can be also assumed that OFDM symbol boundary of IAB-DU is aligned with boundary of received symbol of IAB-MT within a slot boundary. 
Observation 1: If it is assumed for Case 7 timing that the both slot and OFDM symbol boundary of IAB-DU is aligned with received time duration (i.e., slot and OFDM symbol) of IAB-MT, the slot boundary of IAB-DU needs to be changed for receiving UL signal.
Observation 2: Even if the slot boundary of IAB-DU is not aligned with that of received signal of IAB-MT, Case 7 timing can be operated based on the assumption of OFDM symbol level alignment between IAB-DU and IAB-MT.
Proposal 1: Discuss whether the assumption that slot-level timing alignment within IAB-node (i.e., between IAB-DU Rx and IAB-MT Rx) is needed or not for operating the cases of timing alignment for IAB. And, discuss whether slot boundary of IAB-DU for both downlink and uplink should be kept or not for operating the timing alignment cases for IAB.


In IAB SI,  TA indication mechanism for case 7 timing was studied. In TR38.387 [2], examples of solutions are captures as following:
	To enable alignment between DL and UL reception within the IAB-node, the following examples of solutions have been identified:
· Alt 1: Introduce negative initial time alignment (TA) for IAB-nodes, to be applied to child nodes of the IAB-node applying case #7 timing;
· Alt 2: Apply a positive TA that enables symbol alignment, but not slot alignment, between the DL reception and the UL reception at the IAB-node;
· Alt 3: Signalling of a relative offset w.r.t the most recent TA value, to be applied to child nodes of the IAB-node applying case #7 timing to achieve an effective negative TA.


In Rel-17 eIAB WI, the examples of solutions can be considered to be starting points for discussion of the indication mechanism and UE behavior. In addition, it can be discussed which type of container (e.g., MAC-CE, RRC) is used for TA indication to enable case 7 timing. 
Proposal 2: Discuss TA indication mechanism and UE behavior for enabling case 7 timing.
· The examples of solutions captured in TR38.387 can be starting points for discussion.
· Which type of container (e.g., MAC-CE, RRC) is used for TA indication

In RAN1#102-e meeting [1], we discussed whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case D (simultaneous MT-Tx/DU-Rx). In the email discussion, we provided an explanation about Case #7 timing for multiplexing case B (MT-Rx and DU-Rx) and Case #N (e.g., 7D?) for multiplexing case D (MT-Tx and DU-Rx) as below: 
(1) In Case 7 timing for multiplexing case B (MT-Rx and DU-Rx), the reference time for DU-Rx is determined by MT Rx time. Since the reference time for DU-Rx can be reflected in the TA value for child IAB-MT, the reference time for DU-Rx does not need to be informed to the child IAB-MT. But, if the reference time for DU-Rx is changed due to propagation delay, the changed timing offset for DU Rx needs to be informed to the child IAB-MT. 
(2) In Case #N timing for multiplexing case D (MT-Tx and DU-Rx), the reference time for DU-Rx is determined by MT Tx time. Since the reference time for DU-Rx can be reflected in the TA value for child IAB-MT, the reference time for DU-Rx does not need to be informed to the child IAB-MT. But, if the reference time for DU-Rx is changed due to timing advance value for MT-Tx, the changed timing offset for DU Rx needs to be informed to the child IAB-MT.
In terms of definition, difference between Case 7 timing and Case #N timing is the source of reference time for DU-Rx. (i.e., MT-Rx, MT-Tx) But, in terms of operation, Case 7 timing and Case #N timing are very similar. (e.g., the reference time for DU-Rx can be reflected in the TA value for child IAB-MT. The reference time for DU-Rx can be changed due to the source. ) Hence, in terms of configuration and signalling, unified mechanism can be designed for Case 7 timing and Case #N timing.
Proposal 3: Case 7 like Timing (e.g., Case 7D timing) is supported for multiplexing scenario Case D (simultaneous MT-Tx/DU-Rx). Unified mechanism is designed for Case 7 timing and Case 7 like timing.

Case 6 timing
In RAN1#102e meeting, it was agreed that Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case A (simultaneous MT-Tx/DU-Tx). In addition, one recommendation that RAN1 should strive to minimize specification impact due to this feature was captured. In IAB SI, solutions for enabling case 6 timing was studied. In TR38.387 [2], examples of solutions are captures as following:
	To enable alignment of DL transmissions among IAB-nodes, the following examples of solutions have been identified: 
· Alt. 1: The IAB-node may need to carry out parallel (always time multiplexed) case #1 and case #6 uplink transmissions; 
· Alt 2: Signalling between the parent and IAB-node of the time difference of the DL Tx and UL Rx timing at the parent node in order to correct potential misalignment of the DL Tx timing at the child node: 
· The child IAB-node compares the corresponding difference of its own DL Tx timing and BH Rx timing; if the signalled difference of the parent node is larger than measured at the child node, the child node advances its TX timing, if smaller the TX timing is delayed. 
· Note: Alt 1 & Alt 2 may require maintenance of separate Rx timings at the parent node for Case 6 UL transmissions from different child nodes.


In Rel-17 eIAB WI, the examples of solutions can be considered to be starting points for discussion. 
For enabling case 6 timing, it can be assumed that parent IAB-DU has acquired the timing information (i.e., IAB-DU DL transmission time and IAB-MT UL transmission time). So, if parent IAB-DU determines that case 6 timing is allowable for an IAB-MT, the parent IAB-DU can indicate IAB-node to be allowed to operate case 6 timing. Further specifically, it can be considered as a solution that if parent IAB-DU designates time resource(s) where case 6 timing is allowed, IAB-MT can operate UL transmission based on the timing assumption of symbol alignment between IAB-MT Tx and IAB-DU Tx within IAB-node. 
Proposal 4: Discuss an indication mechanism and UE behavior for enabling case 6 timing.
· The examples of solutions captured in TR38.387 can be a starting points for discussion.

Interference measurement
Inter-IAB Interference measurement
In IAB SI, the impact of cross-link interference on access and backhaul links and the measurement and management solution of interference were studied. Also, inter IAB-node interference scenarios were identified [2]. 
- Case 1: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL via its MT;
- Case 2: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in DL via its DU;
- Case 3: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in UL via its MT;
- Case 4: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in DL via its DU.

In Figure 3, inter IAB-node interference scenarios are depicted. The Case 1 can be considered as UE to UE CLI, and the Case 4 can be considered as BS to BS CLI. Also, the Case 2 can be considered as Inter-cell gNB interference, and the Case 3 can be considered as Inter-cell UE interference. 

[image: ]                  [image: ]
(a) Case1: UE to UE CLI             (b) Case2: Inter-cell gNB interference 
[image: ]                 [image: ]
(c) Case3: Inter-cell UE interference            (d) Case4: BS to BS CLI
Figure 3. Inter-IAB-node interference scenario

For inter-IAB node interference measurement and reporting, it needs to be discussed which cases of inter-IAB-node interference scenario can be targeted for Rel-17 eIAB. If RAN1 considers that existing framework for interference measurement/reporting is inherited and can be modified for Rel-17 eIAB, only Case 1 (UE to UE CLI) of inter-IAB node interference scenario can be a candidate scenario for discussion.
In Rel-16 CLI/RIM WI, CLI measurement and handling mechanism were specified. The mechanism is mainly focused on mitigating UE to UE CLI. Hence, the Rel-16 CLI handling mechanism including CLI measurement (i.e., L3 based CLI-RSSI and SRS-RSRP) and network signalling (i.e., intended UL/DL configuration) can be applied for Case 1. In addition, IAB specific TDD configuration (i.e., U-F-D) for CLI handling needs to be considered. For example, new configurations for SRS transmission resource and SRS-RSRP measurement resource may be necessary for IAB operation if SRS transmission is allowed for IAB specific TDD configuration (i.e., U-F-D). Also, intended UL/DL configuration can be modified for reflecting the IAB specific TDD configuration. 

Proposal 5: Discuss which cases of inter-IAB-node interference scenario is/are targeted for Rel-17 eIAB.
· Case 1: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL  via its MT;
· Case 2: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in DL  via its DU;
· Case 3: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in UL  via its MT;
· Case 4: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in DL  via its DU.

Proposal 6: For the Case 1 (Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL via its MT) of inter IAB-node interference scenario, Rel-16 CLI measurement and handling mechanism can be applied.
· Considering the IAB specific TDD configuration (i.e., U-F-D), measurement resource configuration and/or signalling for network coordination (i.e., intended UL/DL configuration) can be modified. 


Intra-IAB interference measurement 
When multiplexing case B (simultaneous MT-Rx/DU-Rx) and/or multiplexing case C (simultaneous MT-Tx/DU-Rx) are operated, intra-IAB interference (a.k.a., self-interference) can occur. If it is assumed that spatially separated multi-antennas or multiple panels are used, the reduction of intra-IAB interference can be expected. Nevertheless, the residual of the self-interference can be received at the receiver of the IAB-node. If the residual self-interference is higher than the power of target signal, performance could be degraded. Hence, we think that in order to operate multiplexing case B and case D safely, at least measurement of residual self-interference at receiver of IAB-node is needed. In order to insure more accurate measurement result, it can be considered that measurement of the residual self-interference can be done during the time duration designated only to transmitter of IAB-node.
If the residual self-interference measurement is allowed, we can consider applying sophisticate solutions to handle the problem of residual self-interference as below:
· Switch to TDM multiplexing for IAB-MT and IAB-DU.
· Reduce the transmission power of IAB-node. 
· Assign orthogonal direction of beam for transmitter and receiver.
· Remove the residual interference at the receiver side by using RF domain operation and/or digital domain operation. 

Proposal 7: Discuss whether/how to operate measurement of intra-IAB interference.

Power Control
UL power control
Two different types of UL power class (i.e., for gNB and for UE) can be considered for IAB-MT due to the nature of IAB-MT. It should be clarified or identified which type of UL power class can be applied for IAB-MT. For decision of which type of UL power class is applied, it should be investigated whether inter-operator interference is increased or not due to leakage power from IAB-MT depending on maximum transmission power. In general, identical TDD UL-DL configuration is applied to avoid inter-operator interference. Keeping that in mind, leakage power from IAB-MT to gNB of inter-operator could be increased if IAB-MT transmits with power higher than normal UE maximum power (23dBm) on the time resource(s) on which other UEs transmit uplink signal/channel (i.e., UL). As a consequence, the degraded UL performance of gNB between inter-operators is expected. Therefore, the power class of normal UE should be applied for IAB-MT on the resource that other UEs transmit. On the other hand, if a time resource designated as downlink transmission for gNB (i.e., DL) is assigned as UL resource for IAB-MT transmission to support simultaneous operation of IAB node, the leakage power from IAB-MT could give relatively small impact on the UEs of inter-operator since the leakage power level of IAB-MT is possibly similar with that of gNB. So, the power class of gNB can be applied for IAB-MT during the time designated for gNB transmission.
Proposal 8: It should be clarified or identified which type of UL power class is applied for IAB-MT.
· Power class of normal UE should be applied for IAB-MT during the time designated for UE transmission.
· Power class of gNB can be applied for IAB-MT during time designated for gNB transmission.

In order to determine which type of power class is applied for IAB-MT transmission, the IAB-MT needs to acquire the information of time resource configuration of other UEs or information when to apply power class of normal UE. According to the DL-UL configuration of NR, the cell-specific TDD configuration will be commonly received by UEs through SIB1 which can also be obtained by IAB-MT, however, UEs will receive detailed resource configuration of flexible resources in a UE-dedicated manner by RRC signaling which cannot be obtained by IAB-MT. In a word, IAB-MT is only capable of receiving the cell-specific TDD configuration, which disables for IAB-MT to acquire detailed configuration of flexible resources.
One step further, the flexible resource indicated by cell specific TDD configuration can be configured to be uplink or downlink. Considering the two types of power classed of IAB-MT mentioned above, it is waste of resource for IAB-MT if the IAB-MT always lower the transmission power on flexible resource and it can cause interference issue if the IAB-MT always transmits with transmission power of gNB on flexible resource.
Proposal 9: The details of configuration to designate power class for IAB-MT should be discussed.

DL power control
As discussed in RAN1#102-e, the Rx power imbalance and self-interference issue in case of simultaneous operation are concerned. There are two options to solve these problem. One is boosting of transmission power and the other one is reducing of it. It is preferable to reduce transmission power since the power boosting causes increment of interference level on every nearby receivers. Considering what we pointed out in UL power control, it can also be considered downlink power control depending on the resource types in case of simultaneous operation (e.g., IAB-MT Rx/ DU Rx, Rx/Tx).
Proposal 10: It should be discussed whether DL power control depending on the type of resources is considered or not when simultaneous operation is applied (e.g., IAB-MT Rx/ DU Rx, Rx/Tx).

 Due to the nature of NR structure, it is hard to be considered that receiver (child IAB-MT) indicates the downlink transmission power. Therefore, it would be good to consider request based downlink power control as a starting point. Two possible methods can be considered for it: one is explicit request for the downlink power control and implicit manner. For the example of implicit request, various power level of reference signals (e.g., SS/PBCH, CSI-RS) can be given to IAB-MT which enables the IAB-MT to select one of them and report desired power level of reference signal. Both of closed loop power control and open loop power control can be considered.
Proposal 11: The IAB-MT assisted DL power control should be discussed.

Conclusion
In this contribution, we discussed on other enhancement for simultaneous operation, and obtained following observation and proposals;

· Timing Alignment
Details for supporting Case 7 Timing
Observation 1: If it is assumed for Case 7 timing that the both slot and OFDM symbol boundary of IAB-DU is aligned with received time duration (i.e., slot and OFDM symbol) of IAB-MT, the slot boundary of IAB-DU needs to be changed for receiving UL signal.
Observation 2: Even if the slot boundary of IAB-DU is not aligned with that of received signal of IAB-MT, Case 7 timing can be operated based on the assumption of OFDM symbol level alignment between IAB-DU and IAB-MT.
Proposal 1: Discuss whether the assumption that slot-level timing alignment within IAB-node (i.e., between IAB-DU Rx and IAB-MT Rx) is needed or not for operating the cases of timing alignment for IAB. And, discuss whether slot boundary of IAB-DU for both downlink and uplink should be kept or not for operating the timing alignment cases for IAB.

Proposal 2: Discuss TA indication mechanism and UE behavior for enabling case 7 timing.
· The examples of solutions captured in TR38.387 can be starting points for discussion.
· Which type of container (e.g., MAC-CE, RRC) is used for TA indication
Proposal 3: Case 7 like Timing (e.g., Case 7D timing) is supported for multiplexing scenario Case D (simultaneous MT-Tx/DU-Rx). Unified mechanism is designed for Case 7 timing and Case 7 like timing.

Case 6 timing
Proposal 4: Discuss an indication mechanism and UE behavior for enabling case 6 timing.
· The examples of solutions captured in TR38.387 can be a starting points for discussion.


· Interference measurement
Inter-IAB Interference measurement
Proposal 5: Discuss which cases of inter-IAB-node interference scenario is/are targeted for Rel-17 eIAB.
· Case 1: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL  via its MT;
· Case 2: Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in DL  via its DU;
· Case 3: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in UL  via its MT;
· Case 4: Victim IAB-node is receiving in UL via its DU, interfering IAB-node is transmitting in DL  via its DU.

Proposal 6: For the Case 1 (Victim IAB-node is receiving in DL via its MT, interfering IAB-node is transmitting in UL via its MT) of inter IAB-node interference scenario, Rel-16 CLI measurement and handling mechanism can be applied.
· Considering the IAB specific TDD configuration (i.e., U-F-D), measurement resource configuration and/or signalling for network coordination (i.e., intended UL/DL configuration) can be modified. 


Intra-IAB interference measurement 
Proposal 7: Discuss whether/how to operate measurement of intra-IAB interference.

· Power Control
UL power control
Proposal 8: It should be clarified or identified which type of UL power class is applied for IAB-MT.
· Power class of normal UE should be applied for IAB-MT during the time designated for UE transmission.
· Power class of gNB can be applied for IAB-MT during time designated for gNB transmission.
Proposal 9: The details of configuration to designate power class for IAB-MT should be discussed.

DL power control
Proposal 10: It should be discussed whether DL power control depending on the type of resources is considered or not when simultaneous operation is applied (e.g., IAB-MT Rx/ DU Rx, Rx/Tx).
[bookmark: _GoBack]Proposal 11: The IAB-MT assisted DL power control should be discussed.
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