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Introduction
In the WF [1] after RAN4#110-e meeting the following issues were identified that might require further attention from RAN4 WG:
	[bookmark: _Hlk82770281]On Case 6 Timing
Impact of case 6 timing on RRM requirements can be assessed after RAN1 and RF groups agreements on case 6 timing.

CLI
The impact of CLI on RRM requirements can be assessed after CLI related agreements in RAN1/2.

Simultaneous operation
In general simultaneous operation between IAB-MT TX and DU RX or between IAB-MT RX and DU TX is not expected to impact RRM requirements for IAB-MT or DU. RAN4 will continue assessing any possible impact on RRM requirements based on RAN1/2 agreements related to RRM.



In this paper, we are providing a thorough analysis of Case#6 timing scheme and evaluate its potential impact on IAB Rel-17 RRM requirements.

Discussion
Introduction
In IAB Rel-16, so-called Case #1 synchronization scheme was used where DL transmission timing is aligned across IAB-nodes and IAB-donors.
For Over the Air (OTA) synchronization, the IAB-DU may use the downlink signal received by the collocated IAB-MT from a parent IAB-node. Legacy Rel-15 UL Timing Adjustment (TA) resolution was found not to be sufficient for DL synchronization. In a static situation, the deviation from the intended timing is maximum half of the TA command resolution. Therefore, signaled  (with a granularity finer than that of the TA command) was used to provide additional information for more accurate timing derivation for the IAB-DU:
	For IAB operation, in order to achieve time-domain synchronization across multiple backhaul hops, a timing adjustment Tdelta may be provided to an IAB node by its parent node. This parameter is applicable only to IAB nodes. The Timing Delta MAC CE carries Tdelta, mapped to an index value Tdelta.
Upon reception of a Timing Delta MAC CE the IAB node shall:
1>	apply the index value of Tdelta as specified in TS 38.213 [6].



TS 38.213 in IAB Rel-16, specifies Case#1 timing which is based on the following procedure:
	If an IAB-node is provided an index  in a Timing Delta MAC CE [11, TS 38.321] from a serving cell, the IAB-node may assume that  is a time difference between a DU transmission of a signal from the serving cell and a reception of the signal by the IAB-MT when , where  is obtained as for a "UE" in Clause 4.2 for the TAG containing the serving cell and  and  are determined as
-	 and , if the serving cell providing the Timing Delta MAC CE operates in FR1, 
 -	 and , if the serving cell providing the Timing Delta MAC CE operates in FR2
The IAB-node may use the time difference to determine a DU transmission time.



The relationship of the various parameters is summarized in the Figure 1 from [2], where the UL/DL timing for parent and child IAB-nodes is shown together:

[image: ]
[bookmark: _Ref85574860]Figure 1: RX/TX timing of the IAB node and the parent node, Case #1 timing.

Below, following Section 11 of TS 38.321, we provide reference values of TA and  granularity in FR2 assuming 120KHz SCS:
· In RRC connected state, a TA command (TAC), [image: ], for a Timing Advance Group (TAG) indicates adjustment of a current [image: ] value, [image: ], to the new [image: ] value, [image: ], by index values of [image: ] = 0, 1, 2,..., 63, where for a SCS of [image: ] kHz, [image: ].
· The granularity of TAC is 
· . Hance the granularity of  adjustments is 

In Release 16 IAB  signalling was introduced to provide additional information for more accurate OTA IAB-DU synchronization, i.e., to align the timing of DL transmissions across IAB-nodes.

Alternatives mechanisms for timing alignment across multi-hop IAB networks were studied during the IAB SI phase in TR 38.874. Case #6 timing is a combination of Case #1 and Case #2 schemes:
· Case #2: DL and UL transmission timing is aligned within an IAB-node;
· 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;
· The UL transmission timing of an IAB-node can be aligned with the IAB-node's DL transmission timing.

A multi-hop scenario with Case #6 timing is illustrated in the Figure 1.

[image: ]
[bookmark: _Ref82772904]Figure 1: A multi-hop scenario with Case #6 timing.


IAB RRM timing requirements
IAB-MT Rel-16 timing requirements are defined in TS 38.174, Section 12.2. We present the most essential part below:
	
The IAB-MT shall have capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.

The IAB-MT initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 12.2.1.2-1. This requirement applies for PUCCH, PUSCH and SRS or it is the PRACH transmission.

The IAB-MT shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the IAB-MT during the last 160 ms. The reference point for the IAB-MT initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.

When the transmission timing error between the IAB-MT and the reference timing exceeds ±Te then the IAB-MT is required to adjust its timing to within ±Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the IAB-MT uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 12.2.1.2.1-1.



Below, we provide the values of Te and Tp/Tq in FR2 assuming 120KHz SCS (symbol duration 8.92 us and CP duration is 0.57 us):
· Te = 3.5*64*Tc = 227.5*0.506 ns = 115 ns
· Tq = 2.5*64*Tc = 160 * 0.506 ns = 81 ns


Following IAB Rel-16 specification, the IAB-MT UL Tx timing is controlled by the parent IAB-node. It takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell (i.e. parent IAB-node).
It is expected that IAB-MT initial transmission timing error shall be less than or equal to ±Te relative to the downlink timing of the reference cell minus [image: ].
The allowed IAB-MT timing error is of the order of 100 ns in FR2.

Additionally, cell phase synchronization accuracy is defined for IAB-DU in 38.174:
	Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.

The cell phase synchronization accuracy measured at IAB DU antenna connectors shall be better than 3 µs.



 Following current Rel-16 IAB requirements, the difference in timing of IAB-DUs DL transmissions can be up to 3 µs.


Status of Case#6 timing in RAN1
Below we are summarizing relevant RAN 1 agreements on Case#6 timing from the previous meetings:
· RAN1 #102-e:
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 #103-e:
· An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode
· FFS whether the Rel-16 OTA synchronization mechanism is sufficient or enhancements are required 
· If required, details of enhancements including the uplink timing(s) required to support different timing alignment cases
· Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.
· RAN1 #104-e:
· Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g. excluding resources used for access or TDM backhaul
· FFS details on switching including the switching conditions
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes
· RAN1 #105-e:
· RAN1 to downselect how the IAB-MT Tx timing is set for Case 6 timing at a given IAB-node:
· Alt1: the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset.
· Alt2: the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· Alt3: the IAB-MT Tx timing is obtained by the node jointly with the IAB-DU Tx timing via a common offset from the parent node.
· Downselection to consider at least the following aspects:
· Dependency of DL synchronization schemes at the IAB-DU
· Potential additional signaling overhead.
· Achievable DU Tx / MT Tx alignment error tolerance.
· Suitability for switching between timing modes.
· An IAB-node is indicated when Case 6 timing is performed at the IAB-node.
· FFS details of the indication (e.g. semi-static and/or dynamic, implicit and/or explicit, linkage to multiplexing capability, etc.).
· RAN1 #106-e:
· For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· FFS: Need for additional details with reference to support of OTA synchronization (e.g. T_delta)
· 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.

Following current RAN1 agreements it can be concluded that:
· Case 6 timing is agreed to be supported in Rel-17 for IAB-nodes.
· IAB-node is explicitly indicated by the parent node when Case 6 is performed
· For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· An IAB-node can rely on an OTA timing synchronization mechanism.
· However, RAN1 is still discussing how the OTA timing should work with Case#6 scheme.

RAN4 still needs to continue following RAN1 progress on Case#6 timing until the details of the design are fully clarified.


RF agreements on IAB timing
The outcome of RF timing related enhancement discussions in RAN4#99-e were captured in an approved [3]:
	Agreement:
No RF requirement impact identified for IAB which supports timing case#6 except TAE 

Way forward:
· Regarding implication on donor BS and parent IAB: postpone the discussion for RAN1 input
· Regarding the TAE within IAB: FFS whether TAE between MT UL TX and DU DL TX needs to be defined 
Note: the TX power imbalance is merged in discussion on Simultaneous operation of IAB-node’s child and parent links by FDM.



The RF agreements from the RAN4#100-e on timing requirements are captured in the WF [4]:
	Way forward:
Timing error between IAB-DU and IAB-MT transmission within one node for timing case#6:
· Timing error between IAB-DU and IAB-MT simultaneous transmission is to be considered as new dedicated RAN4 requirement to be decided to capture it in which section in TS38.174.
· Study on associated test configuration and test model in performance part if the core requirement is agreed.
· Take 3us as starting point for maximum Timing error between IAB-DU and IAB-MT simultaneous transmission
· To review this value if improvement needed dependent on RAN1 agreement
Timing error between parent IAB-DU and child node IAB-DU transmission:
· It is acknowledged that for shared hardware architecture, the parent IAB node can tolerate the certain value of timing error uncertainty between its child IAB node and its own DL timing
· FFS on the value of time error tolerance on parent IAB node 
· To investigate if this has already been covered in Rel-16 cell phase synch requirement and can be ensured in legacy release.
· No RAN4 RF requirement impact is expected due to this currently. 
· This can be reviewed if update needed due to further agreement in RAN1



In IAB Rel-17 RAN4 RF track, it was agreed:
- To consider timing error between IAB-DU and IAB-MT simultaneous transmission within one IAB-node as a new RAN4 requirement, using 3us maximum error as a starting point.
- It is acknowledged that for shared hardware architecture, the parent IAB node can tolerate the certain value of timing error uncertainty between its child IAB node and its own DL timing.


Comparison of Case#1 timing and Case#6 timing schemes from RRM perspective
In general, the intention of Cas#6 timing is to facilitate IAB-node internal operation for simultaneous transmission by aligning the timing of IAB-MT Tx signals with the timing of IAB-DU Tx signals. Therefore, IAB-MT timing is controlled by the parent IAB-node with TA loop the same way as in Case#1 timing. As per RAN1 agreement, IAB-MT TX timing is obtained from the IAB-DU TX. The synchronization of a child IAB-can be acquired from other source than parent IAB-node, e.g., from integrated GNSS clock. In this case, there is no need for the TA procedure for IAB-MT. Until now, RAN1 has not reached an agreement about OTA synchronization for Case#6 timing. However, currently, IAB Rel-16 IAB-MT timing requirements (TS 38.175) assume that IAB-MT timing is fully under the control of parent IAB-node. The agreement to have explicit indication from the parent when Case#6 timing is used, is aligned with this assumption. Therefore, RAN4 can discuss whether IAB-MT RRM timing requirements shall be applied to Case#6 timing.
In Case#6 scheme, the IAB-MT UL timing is defined based on IAB-DU DL Tx timing, i.e., it is not relative to the DL Rx timing from the parent IAB-node.
As commented above, the intention with Case#6 timing is to enable simultaneous MT and DU transmissions (in SDM/FDM operation) without causing interference to each other. This means that time alignment is a requirement for the IAB-node if it is declaring support for Case#6 timing with its implementation. Furthermore, the UL TX timing is not controlled to align the UL RX signals but the RX timing depends merely on the propagation delay. From this, we may conclude that any requirement for MT/DU TX time alignment is related only to the support for Case#6 timing, which would be an implementation issue as noted above. That would imply that no specified requirement is needed for the MT/DU time alignment.
Observation 7. Alignment of the MT and DU signals are a prerequisite to be able to indicate support for Case#6 timing with the IAB-node implementation.
Based on the above, we may conclude that a specified requirement of the timing accuracy for Case#6 timing is not needed
No requirement is specified for the IAB-MT and IAB-DU Case#6 TX timing accuracy for RRM purposes.

Conclusion
In this paper, we carried out the in-depth analysis of Case#6 timing scheme for IAB Rel-17 from RRM perspective.
The following observations and proposal are made:

1. In Release 16 IAB  signalling was introduced to provide additional information for more accurate OTA IAB-DU synchronization, i.e., to align the timing of DL transmissions across IAB-nodes.


Following IAB Rel-16 specification, the IAB-MT UL Tx timing is controlled by the parent IAB-node. It takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell (i.e. parent IAB-node).
It is expected that IAB-MT initial transmission timing error shall be less than or equal to ±Te relative to the downlink timing of the reference cell minus [image: ].
The allowed IAB-MT timing error is of the order of 100 ns in FR2.

Following current Rel-16 IAB requirements, the difference in timing of IAB-DUs DL transmissions can be up to 3 µs.

Following current RAN1 agreements it can be concluded that:
· Case 6 timing is agreed to be supported in Rel-17 for IAB-nodes.
· IAB-node is explicitly indicated by the parent node when Case 6 is performed
· For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· An IAB-node can rely on an OTA timing synchronization mechanism.
· However, RAN1 is still discussing how the OTA timing should work with Case#6 scheme.

1. RAN4 still needs to continue following RAN1 progress on Case#6 timing until the details of the design are fully clarified.

In IAB Rel-17 RAN4 RF track, it was agreed:
- To consider timing error between IAB-DU and IAB-MT simultaneous transmission within one IAB-node as a new RAN4 requirement, using 3us maximum error as a starting point.
- It is acknowledged that for shared hardware architecture, the parent IAB node can tolerate the certain value of timing error uncertainty between its child IAB node and its own DL timing.

In Case#6 scheme, the IAB-MT UL timing is defined based on IAB-DU DL Tx timing, i.e., it is not relative to the DL Rx timing from the parent IAB-node.

Observation 7. Alignment of the MT and DU signals are a prerequisite to be able to indicate support for Case#6 timing with the IAB-node implementation.

No requirement is specified for the IAB-MT and IAB-DU Case#6 TX timing accuracy for RRM purposes.
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