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1	Introduction
The OTA based IAB synchronization and timing will be based on TA (timing advance) control loop with required enhancements to support timing adjustment at the (child) IAB nodes. Only Case #1 timing will be considered in Rel.16 IAB where the DL transmissions are synchronized across all nodes [1]. RAN1 AH1901 and RAN1#96 made following agreements in the needed enhancements for the IAB synchronization and timing, [2][3]:
Agreements (RAN1 #Ad Hoc1901):
· 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 as 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
Agreements (RAN1 #96):
· 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

In this paper we elaborate remaining open items and FFSs related to IAB synchronization.
2	Discussion
2.1	Effective timing offset

The parameter T_delta is related to the actual RX/TX switching gap at the parent node. The child node shall just apply the T_delta signalled by the parent node when setting the DL (DU) TX timing. As specified in [4], “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”. 
Regarding the question (FFS item from the RAN1#96) whether TA/2+T_delta may result in an effective negative timing offset, we think that this wouldn’t be an issue. UL TX timing applying legacy NR principles using TAoffset and the TA control loop can adjust the UL RX timing targeting to suitable switching gap Tg at the parent node determining the NTA value for a given propagation delay TP. T_delta is then (TAoffset-Tg)/2. The parameters for T_delta and affecting the child node timing are known by the parent node. Therefore, with proper implementation the TA control and signalled T_delta should result in DU TX timing being within the limits of anticipated inaccuracies in the IAB deployment scenarios assuming sufficient granularity for T_delta, which is to be determined by RAN4.
Observation 1: The child node DU TX timing adjustment can be handled with proper TA control loop implementation and T_delta signaling considering the actual used switching gap at the parent node.
Proposal 1: T_delta signaling jointly with TA control is sufficient for IAB node synchronization.

2.2 	Applying the T_delta to DU TX timing
In RAN1#96 it was agreed that T_delta is signalled in aperiodic manner, i.e. a new T_delta value can be signalled when updates are needed. The T_delta value is needed first when the IAB DU is configured and activated and the DL TX is started. Prior to that, during the IAB connection setup and integration phase, only the MT part of the IAB node is active.  The UL TA is adjusted with legacy TA control targeting to UL RX reception at the parent node to reach desired switching gap for DL TX. The BH TA control has sufficiently time to stabilize before the IAB DU starts transmitting on the child link. The signalling of the initial T_delta value has to happen prior to the DU activation, preferably once the TA value is stabilized, which will not be a problem with stationary IAB deployment. The exact time when the initial T_delta is signalled can be left for implementation.
Observation 2: The TA control can be considered to be stabilized during the IAB connection setup and integration phase before the IAB DU operation is activated and T_delta is needed.
Proposal 2: The time when to send the initial T_delta value can be left for implementation.
Proposal 3: The initial value of T_delta can be applied as such for the DU TX timing when the IAB DU operation is activated.
Depending on the specified T_delta granularity and the actual amount of change of the signalled (re-)adjusted T_delta value may or may not be applied directly to the DL timing of the DU. In general, the change in the DL TX timing shall not affect the service provided for the access UEs. Hence, the step size and the frequency of the IAB DU TX timing change shall be sufficiently small. This can be discussed in RAN4 when determining the range and granularity of T_delta.
Observation 3: IAB DU DL TX timing adjustment due the change of T_delta value, while the IAB DU is active, has to be done in a way that it does not affect the services of the access UEs.
Proposal 4: It is up to RAN4 to decide about the timing adjustment while meeting the assumed synchronization accuracy requirements without affecting UEs.

2.3	Time alignment with multi-connectivity
With multi-connectivity the timing of parent links can be within the limits of the inaccuracies caused by the OTA synchronization. Therefore, there can be some deviation in the TA control as well as signalled T_delta from the parent nodes. However, one can assume that the timing based on any parent link will be within the allowed limits for IAB synchronization. Hence, synchronization to any parent node should not result in any worse timing than connection to another node – provided that the number of hops does not exceed the estimated maximum in FR1 and FR2.
With this assumption, the IAB node should be able to synchronize to either of the parent nodes, or consider both, but still meeting the accuracy requirements for timing. It has been discussed to average the timing derived from multiple serving nodes. The benefits, however, may not always be certain e.g. in case either one of the serving nodes (e.g. the Donor) would have accurate timing based on GNSS while the other would rely on OTA synchronization. Considering the above, the exact behaviour of the IAB node could therefore be left for implementation option just that the synchronization requirements are met within the deployed IAB network.
[bookmark: _GoBack]Proposal 5: RAN1 is asked to discuss whether the IAB node synchronization in the multi-connectivity scenario needs to be specified or can it be left for implementation.

3	Conclusions
In this paper we have elaborated the RAN1 FFS items related to IAB timing. We concluded the analysis with following observations and proposals:
Observation 1: The child node DU TX timing adjustment can be handled with proper TA control loop implementation and T_delta signaling considering the actual used switching gap at the parent node.
Observation 2: The TA control can be considered to be stabilized during the IAB connection setup and integration phase before the IAB DU operation is activated and T_delta is needed. 
Observation 3: IAB DU DL TX timing adjustment due the change of T_delta value, while the IAB DU is active, has to be done in a way that it does not affect the services of the access UEs.
Proposal 1: T_delta signaling jointly with TA control is sufficient for IAB node synchronization.
Proposal 2: The time when to send the initial T_delta value can be left for implementation.
Proposal 3: The initial value of T_delta can be applied as such for the DU TX timing when the IAB DU operation is activated.
Proposal 4: It is up to RAN4 to decide about the timing adjustment while meeting the assumed synchronization accuracy requirements without affecting UEs.
Proposal 5: RAN1 is asked to discuss whether the IAB node synchronization in the multi-connectivity scenario needs to be specified or can it be left for implementation.
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