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1. Introduction
At the RAN1#98 meeting, the mechanism to support the “case-1” OTA timing alignment was discussed and following agreements were made [1]. 
	Agreements:
· According to RAN1 #96bis agreement, whether T_delta is a “target value” or an “actual value” is up to parent node implementation.   
· For the TA and T_delta in (TA/2+T_delta), to down-select:
· Opt-A: T_delta is given by the latest T_delta signaling, and TA is the current time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i, which is updated with the received TA command per Rel-15. 
· Opt-B: T_delta is given by the target T_delta signaling, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series TA commands. 
· Once down-selected, further discuss how to reflect it in RAN1 specs



In this contribution, we discuss further on the mechanism to support the “case-1” OTA timing alignment. 

2. Discussion on mechanism to support the “case-1” OTA timing alignment
2.1	Update of TA and T_delta in (TA/2+T_delta)
At the last RAN1 meeting, TA and T_delta in (TA/2 + T_delta) were discussed and following 2 alternatives are under consideration.

Alt.1 :  T_delta is given by the latest T_delta signaling, and TA is the current time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i, which is updated with the received TA command per Rel-15. 
Alt.2 :  T_delta is given by the target T_delta signaling, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series TA commands.

The main difference of the alternatives is that TA values are averaged of not for the calculation, and the background of averaging TA values is to acquire a higher reliable value for the calculation of the propagation delay. On the other hands, we have to remind that the DL Rx timing at MT is one of the essential parameters for configuring the DL Tx timing at DU, as well as the propagation delay as shown in Fig. 1. 
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Figure 1: Mechanism to define the DL Tx timing for IAB node

An example of configured DL Tx timings at DU with using two alternatives are shown in Fig.2. As shown in Fig.2, difference between Alt.1 and Alt.2 for the Tx timing is confirmed, since the DL Rx timing at MT for every TAC timings are not considered for Alt.2. Thus, a simple averaged TA value is not appropriate for configuring the DL Tx timing at DU. In addition, once the IAB node sets the DL Tx timing, the Tx timing may not be changed frequently. As an example, when a propagation path is changed (e.g. Path 0 to Path 1 in Fig.1), a propagation delay time is also changed and it brings necessity on the update of TA. On the other hand, although the TA needs to be changed, a reception timing of DL signal at a child IAB node MT is also changed. Anyway, DL Tx timing of the child IAB node DU should be kept in this case. In fact, changing propagation path is not directly related to the DL Tx timing. 
Based on the discussion, Alt.1 should be specified for the OTA timing alignment as a base line, and whether averaging TA with considering the DL Rx timing to acquire a high reliable TA value or not is left for the implementation. Therefore, we conclude following proposal.
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Figure 2: Example of DU Tx timing with using two alternatives.

Proposal 1: The latest TA and T_delta should be used for the calculation of (TA/2 + T_delta), and whether averaging TA with considering DL Rx timing at MT for every TAC timing or not is left for implementation.

2.2	Signaling of T_delta
At the previous RAN1 meetings, signaling of T_delta was discussed and following 2 alternatives are under consideration.
Alt.1 :  MAC CE
Alt.2 :  RRC signaling
T_delta is derived from the switching time between DL Tx and UL Rx at a parent node, so that T_delta may not be updated frequently, and simultaneous update for TA and T_delta may not be necessary. In that sense, both MAC CE and RRC signaling can be used for the signaling of T_delta. On the other hand, CU doesn’t have to coordinate T_delta which is a parameter between a parent node and an IAB node. Therefore, it may be straightforward to use MAC CE for the signaling of T_delta, as well as TAC.
Proposal 2: MAC CE is used for signalling of T_delta.

2.3	Mechanism to improve DL Tx timing accuracy
At the RAN1#96 meeting, following agreements were made [2]. 
	Agreements:
· T_delta is indicated by a parent to the child node independently from the existing Rel.15 TA indication from the parent node used to set the UL Tx timing of the child IAB node’s MT 
· T_delta is updated on an aperiodic basis determined by the parent node
· The child IAB node should trigger its DL TX timing adjustment by TA/2 + T_delta after it receives the timing offset T_delta indication from its parent node, if it is using OTA Timing Case 1 to obtain its DL timing.
· FFS: behavior if TA/2 + T_delta results in an effective negative timing offset
· FFS: delay between receiving T_delta and application of T_delta at the child node
· Separate value ranges/granularities may be considered for T_delta in FR1 and T_delta in FR2
· Send LS to RAN4 asking them to determine the exact values and granularity of T_delta and provide confirmation on RAN1’s assumption on the DL timing accuracy requirements for IAB nodes in case of OTA Case 1 timing is applied across multiple hops – R1-1903693 (Xinghua, Huawei), approved with final LS in R1-1903810



In above agreements, it is described that “if it is using OTA Timing Case 1 to obtain its DL timing”. Then, a question is whether any other DL Tx timing adjustment mechanism is supported/allowed in Rel-16 IAB or not. For example, if the IAB node has its own synchronization source such as GNSS, it should be clarified whether the IAB node shall follow the agreed OTA synchronization Case 1 mechanism or the IAB node can determine its DL TX timing based on its own synchronization source.
In our view, it is beneficial to support/allow using accurate synchronization source such as GNSS. For an IAB node having accurate synchronization source, at least it should be allowed to adjust T_delta value to be indicated to its child node. It can be used to reduce an accumulated residual timing error in case of multi-hop topology as shown in Figure 2. In order to generate appropriate T_delta value, the IAB node should be informed of target absolute DL Tx timing from the network (i.e., CU). 
Proposal 3: In order to generate accurate T_delta value to be indicated to child node, information regarding target absolute DL Tx timing can be provided to the IAB-node.
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Figure 2: Examples of OTA synchronization in multi-hop topology

If the IAB-node is allowed to use accurate synchronization source such as GNSS, as shown in Figure 2, such IAB-node can provide accurate T_delta value for DL Tx timing alignment even if a hop order of the IAB-node is high. For example, in case where an IAB-node has multiple parent nodes, the accuracy of T_delta value provided by each parent node would be dependent on the hop order of the parent node from the node having accurate synchronization source rather than a hop order from the donor node. Therefore, it would be beneficial for IAB node to indicate its hop order from a node having accurate synchronization source together with T_delta value to its child node.
Proposal 4: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.

In addition, the IAB-node having accurate synchronization source can evaluate how accurate the T_delta value indicated by its parent node is, e.g., by comparing DL Tx timing derived by OTA synchronization Case 1 mechanism and DL Tx timing derived by its synchronization source and target absolute DL Tx timing information. If the parent node seems to have a certain DL Tx timing error, the child IAB-node having accurate synchronization source can report it. 
Proposal 5: The IAB-node having accurate synchronization source can report on an error regarding the indicated T_delta value to its parent node.


3. Conclusion
In this contribution, we discussed on the mechanism to support the “case-1” OTA timing alignment. Based on the discussion, we made following proposals.
Proposal 1: The latest TA and T_delta should be used for the calculation of (TA/2 + T_delta), and whether averaging TA with considering DL Rx timing at MT for every TAC timing or not is left for implementation.
Proposal 2: MAC CE is used for signalling of T_delta.
Proposal 3: In order to generate accurate T_delta value to be indicated to child node, information regarding target absolute DL Tx timing can be provided to the IAB-node.
Proposal 4: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.
Proposal 5: The IAB-node having accurate synchronization source can report on an error regarding the indicated T_delta value to its parent node.
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Appendix
A.1	Proposal for upper layer parameters
An upper layer parameters proposed in this contribution are captured in the table for upper layer parameters for the “case-1” OTA timing alignment proposed in [3].

Table A : Upper layer parameters for the “case-1” OTA timing alignment
	


	New or existing parameter
	Parameter name in specification
	Description
	Value range
	Default value
	IAB node specific/IAB nodes common
	Specification
	Comment

	Case-1 timing
	New
	T_delta (name in specification to be determined by RAN2)
	(-1/2) of time interval at the parent node between the start of UL RX frame i for the IAB node and the start of DL TX frame i.   
	TBD by RAN4
	 N/A
	IAB node specific
	
	It remains TBD whether this parameter is carried in RRC or MAC-CE.  

	Case-1 timing
	New
	Target absolute DL Tx timing (name in specification to be determined by RAN2/3)
	Absolute DL Tx timing to generate accurate T_delta value using accurate synchronization source
	TBD
	N/A
	IAB node specific
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