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[bookmark: OLE_LINK1]Introduction
RAN1#93-RAN1#95 have defined Case #1 OTA timing alignment and the following agreements for IAB. 
· Case #1: DL transmission timing alignment across IAB nodes and donor nodes
· Case #1 is supported for both access and backhaul link transmission timing
· For Case #1 & Case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization
RAN1#AH1901 has further made the following agreements. 
· An IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta
· T_delta is signalled from the parent node, where the value is intended to account for factors such the offset between parent DL Tx and UL Rx, if any due to factors such as Tx to Rx switching time, HW impairments, etc.
· TA is the timing gap between UL Tx timing and DL Rx timing, which is derived based on existing Rel-15 mechanism
· FFS (not necessarily an exhaustive list):
· value range and granularity of Tdelta
· need for aperiodic/periodic updates of Tdelta
· other timing impairment factors for adjusting IAB node timing to be included in Tdelta
· timing alignment when the IAB node has multiple parents
· Note: once the design of the above FFS points is in a good shape, an LS to RAN4 may be necessary to solicit their input
In this contribution, based on those agreements and the WI scope for derivation of DL timing at a given IAB node based on OTA synchronization to parent node when operating with Case #1 timing, we further elaborate on the timing and synchronization for NR IAB Case #1.
[bookmark: _Ref510628869]Uplink-Downlink Timing Relation with DL TX/UL RX Misalignment in an IAB Node
In TS38.211 [1], it has been defined that uplink frame number for transmission from the UE shall start 

before the start of the corresponding downlink frame  at the UE where is given by TS38.213 [2]. The uplink-downlink timing relation is shown in Figure 1.  




Figure 1: Uplink-downlink Timing Relation in TS38.211 (Figure 4.3.1-1 in [1])

[bookmark: OLE_LINK2]For Case#1 in IAB, if DL TX and UL RX are not well aligned at an IAB node, for example, there is a  time misalignment for a child node, the new TA value at its child node should be

where. The uplink-downlink timing relation with DL TX and UL RX misalignment becomes Figure 2. 
[image: ]
Figure 2: Uplink-downlink Timing Relation with DLTX/UL RX misalignment
Although RAN1#AH1901 has made some agreements on and TA, there could be different interpretations on TA: 
· Interpretation 1: TA only counts for propagation delay 
· Interpretation 2: TA includes propagation delay and  
From the RAN1#AH1901 agreement, TA is defined as the timing gap between UL Tx timing and DL Rx timing, which is derived based on existing Rel-15 mechanism. This implies Interpretation 2. However, we know that if both propagation delay and  are counted, TA can be a negative value, which cannot be supported by Rel-15 mechanism. Also, from offline discussion during RAN1#AH1901, a common understanding on TA is that is only counts for propagation delay. As the definition on TA affects the subsequent design, we propose to further clarify the definition of TA.    
Proposal 1: Clarify the definition of TA as follows
· TA is the timing gap between UL Tx timing and DL Rx timing assuming time-aligned DL Tx timing and UL Rx timing at a parent node, which is derived based on existing Rel-15 mechanism
Signalling of from an IAB Node to its Child Nodes/Child UEs
In current Release 15 specifications, for TA signalling, the value of  in Figure 1 can be indicated from the base station to the UE using two MAC commands [3]: 
· TA command in MAC RAR during initial access; 
· TA command in MAC CE in connected mode when TA adjustment is needed.  
The signalling of  from an IAB node to its child nodes/child UEs can apply similar methods as the current TA signalling, i.e. carried over MAC RAR during initial access and MAC CE in connected mode. Those methods have the benefit that the  information is transmitted together with the TA commands in current specifications, so that it is easy to define and locate. Note that those methods are UE-specific, either during the random access of a child IAB node or child UE, or MAC CE TA command to individual child IAB node or child UE in connected mode. 
In the case of the  information is common to all child nodes and child UEs, i.e. the UL Rx timing at an IAB node is aligned for all its children, the  information can be broadcast to the child IAB nodes/child UEs, through system information. 
Proposal 2: The  information can be signalled from an IAB node to its child nodes/child UEs in the following manner:
· If the  information is different for each child node/child UE, it can apply similar methods as the current TA signalling, i.e. carried over MAC RAR during initial access and MAC CE in connected mode.
· If the  information is common for all the child IAB nodes/child UEs, it can be broadcast to the child IAB nodes/child UEs, through system information. 
Timing Alignment for an IAB Node with Multiple Parents
In Rel-16 IAB network, the scenario where an IAB node has multiple parents present in the form of dual connectivity. In dual connectivity, an IAB node can receive TA command from each of the parent nodes. For IAB MT’s UL transmission timing, the MT will apply the respective TA signaled from each of the parent nodes. For IAB DU’s DL transmission timing, the DU can decide the DL timing by averaging over the DL timings obtained from each of the parent nodes as showed in Figure 3. 


Figure 3: DL Timing of an IAB DU with Multiple Parents
Proposal 3: When an IAB node has multiple parent nodes, for IAB MT’s UL transmission timing, the MT will apply the respective TA signaled from each of the parent nodes; for IAB DU’s DL transmission timing, the DU can decide the DL timing by averaging over the DL timings obtained from each of the parent nodes.
Conclusion
In this contribution, we discussed timing and synchronization for NR IAB Case #1. It is summarized by the following observations and proposals. 
Proposal 1: Clarify the definition of TA as follows
· TA is the timing gap between UL Tx timing and DL Rx timing assuming time-aligned DL Tx timing and UL Rx timing at a parent node, which is derived based on existing Rel-15 mechanism
Proposal 2: The  information can be signalled from an IAB node to its child nodes/child UEs in the following manner:
· If the  information is different for each child node/child UE, it can apply similar methods as the current TA signalling, i.e. carried over MAC RAR during initial access and MAC CE in connected mode.
· If the  information is common for all the child IAB nodes/child UEs, it can be broadcast to the child IAB nodes/child UEs, through system information. 
Proposal 3: When an IAB node has multiple parent nodes, for IAB MT’s UL transmission timing, the MT will apply the respective TA signaled from each of the parent nodes; for IAB DU’s DL transmission timing, the DU can decide the DL timing by averaging over the DL timings obtained from each of the parent nodes.
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