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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#96 and RAN1#96bis made following agreements in the needed enhancements for the IAB synchronization and timing, [2][3]: 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
Agreements (RAN1 #96bis):
· In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by setting DL TX timing of the IAB node (TA/2 + T_delta) ahead of its DL Rx timing, T_delta should be set to the (-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. 
· The setting of T_delta is not necessarily specified. 
· Note: The above setting of T_delta assumes that, for the same purpose, TA should be the time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i.

· An LS R1-1905842 to was sent RAN4 to clarify 

· In case the calculated TA/2 + T_delta at IAB node is negative, the IAB node should not adjust its DL-Tx timing.

The status of the OTA synchronization and remaining issues are listed in [4]. In this paper we elaborate the identified and open “issues”.

2	Discussion
2.1	Signaling of actual TA/2+T_delta to the parent node
The issue#3 as described in [4] was following:
If the received slot boundary on MT downlink is earlier than the ending of DU_TX-to-MT_RX switching, the symbol #0 may not be available, otherwise symbol #0 is available. Then both IAB node and its parent should have the common understanding of this 1st symbol availability.
Fig.1 illustrates the issue:


Figure 1 Potential issue with timing uncertainty between IAB node and its parent
The issue may happen e.g. in the case the parent node is OTA synchronized and the IAB node DU TX timing is based on GNSS. The OTA timing control by the parent node assumes that the IAB node DL TX is based on TA and T_delta but the actual timing is from GNSS. The DU TX on-off transition may overlap with the MT RX of the first symbol. As the first DL symbol typically carries control information, it is important that the IAB node has possibility to receive that and the parent node should assume that it is always detectable by the IAB node.
Proposal 1: Because of criticality of the 1st symbol of the DL slot, the parent node should be able to assume that the symbol is detectable by the IAB node.
It would require additional signaling to make the parent node aware of the actual timing offset used by the IAB node. However, there does not seem to be ways how the parent node would eliminate the issue even knowing the actual timing at the IAB node: The IAB DL RX timing depends only on the propagation delay and therefore cannot be affected. TA control and T_delta signaling (assuming parent node would signal this too) would not affect the IAB DU DL timing if/when that is fixed to GNSS. Hence, informing the parent node about the IAB DU timing would not help in solving the issue.
Observation 1: Informing the parent node about the actual timing offset used at the IAB node is not solving the issue.
The problem of the IAB node capability to receive and detect the 1st DL symbol is affected by the DU TX timing of the IAB node itself. All that information is available at the IAB node to cope and eliminate the issue. If there is an overlap between the last DU TX symbol and the first MT RX symbol, the IAB node can puncture the last DU TX symbol to provide sufficient TX/RX switching gap. The availability of the last symbols of the DL slot from the parent node depends on the propagation delay and can be punctured when needed the same way as with access UEs.
Proposal 2: The issue#3 can be solved by IAB node implementation by puncturing the last DU TX symbol(s) to provide sufficient gap for TX/RX switching.

2.2	Applying signaled T_delta to child 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 first phases of IAB node integration (connection establishment, connection to OAM, IAB and F1 configurations), 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 serving node sends the initial time alignment value in the RAR message and TA updates are followed during while in connected state as needed. It can be assumed that BH TA control has sufficiently time to stabilize before the IAB DU starts transmitting on the child link(s). The signalling of the initial T_delta value needs to happen prior to the DU activation, preferably once the TA value is stabilized, which should not be a problem with stationary IAB deployment.
Observation 2: The TA control can be assumed to be stabilized during the IAB node integration before the IAB DU operation is activated and T_delta is needed.
In [4] the issue#5 was related to potential update of the TA value and how that would affect the T_delta. As the timing offset is (TA/2 + T_delta), an update of NTA would affect the switching gap at the parent node (with the resolution of NTA). Hence, also the T_delta would need to be updated (which could have finer granularity). With this approach the DU TX timing would not have to change with the steps of (NTA granularity)/2 but accompanied new T_delta value can fine tune the new timing offset to be applied. Sending both values at the same time would eliminate ambiguity what values to use. Furthermore, the parent node would detect the success of the signalling for both values if the new UL timing (NTA value) has been applied.
Proposal 3: As the DU TX timing is a function of both NTA and T_delta, a new T_delta value is sent along with the update of NTA.
Depending on the specified T_delta granularity and the actual change of the (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 TX timing changes shall be limited. 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	Signaling of T_delta
Several alternatives have been proposed to signalling T_delta: 
a) MAC RAR and MAC-CE 
b) RRC signalling, from the IAB-donor (CU)
c) MIB/SIB1
Both TA and T_delta are parameters related to one BH connection between the IAB node and its parent, it would be logical to use same signalling for both parameters. As discussed above, to maintain consistency with the TA and T_delta, they could be signalled at the same time. That in turn would suggest that also same signalling is used.
The usage of RRC signalling would need additional signalling of timing parameters over the ancestor BH links up to the IAB-donor involving all the IAB nodes in a relaying path. Then also the actual update, carrier by RRC, goes over the F1* between the IAB-donor and the access IAB node. The timing of TA commands and T_delta updates over RRC would become non-deterministic and the it would not be clear how to enable consistence between the parameter values. The option can be considered as optimization and potential benefits (yet not shown) would be only when multiple connections would be available. It is unclear if any improvement can be achieved with this approach.
Observation 4: Usage of RRC would be complex by involving all IAB nodes is a (possibly) multi-hop chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee.
MIB/SIB1 could be considered based on the assumption that the RX/TX switching gap at the parent node is more or less fixed. Hence, also T_delta would be stable and any updates would be infrequent. Potential change of T_delta i.e. update of MIB/SIB1, out of which SIB1 would be preferred, could be indicated with Short Message transmitted with P-RNTI over DCI to UEs for SI update according to current specifications. The consistency between TA and T_delta could be done e.g. by IAB node reading SIB1 always after TA update. The challenge with the option c) is how to guarantee forward compatibility if IAB is enhanced for mobile relays in future releases. Then the TA updates are more frequent and hence the timing adjustment of the DU part would happen more often.
Proposal 5: T_delta can be signaled with MAC-CE or SIB1 with preference for MAC-CE being straightforward extension to TA signaling and providing forward compatibility for possible IAB extension to mobile relaying.

2.4	Timing with multi-connectivity and parent node change
Bearing in mind that the DU TX timing should not be changed in a way that would affect the access UEs and child IAB nodes served by the IAB node, it should apply also during the parent node change and in case multi-connectivity (SCG configuration) is established. Therefore, even though the DU TX timing would need to be changed after topology adaptation, it cannot be done immediately if the DL timing would change too much. As proposed above, how the timing can be changed, needs RAN4 involvement. The timing based on the new BH link to parent (with new NTA and T_delta values signalled by the new parent) should be reached considering the requirements for DL synchronization and how fast changes are allowed.
Proposal 6: RAN1 may consider if no specific behaviour is needed when BH link is changed to a new parent node.
Timing adjustment during multi-connectivity, as well as in the case where GNSS is used for synchronization in some of the IAB nodes, can be considered optimization and therefore could be left for following releases.
Proposal 7: Timing with multi-connectivity and if GNSS is used in some of the IAB nodes can be initially handled with proper implementation. Any enhancements can be considered optimization and therefore may be addressed in later releases.

3	Conclusions
In this paper we have elaborated issues identified in the previous meeting. In the analysis we ended up with following observations.
Observation 1: Informing the parent node about the actual timing offset used at the IAB node is not solving the issue.
Observation 2: The TA control can be assumed to be stabilized during the IAB node integration 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.
Observation 4: Usage of RRC would be complex by involving all IAB nodes is a (possibly) multi-hop chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee.
As the conclusion we are proposing following:
Proposal 1: Because of criticality of the 1st symbol of the DL slot, the parent node should be able to assume that the symbol is detectable by the IAB node.
Proposal 2: The issue#3 can be solved by IAB node implementation by puncturing the last DU TX symbol(s) to provide sufficient gap for TX/RX switching.
Proposal 3: As the DU TX timing is a function of both NTA and T_delta, a new T_delta value is sent along with the update of NTA.
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: T_delta can be signaled with MAC-CE or SIB1 with preference for MAC-CE being straightforward extension to TA signaling and providing forward compatibility for possible IAB extension to mobile relaying.
Proposal 6: RAN1 may consider if no specific behaviour is needed when BH link is changed to a new parent node.
Proposal 7: Timing with multi-connectivity and if GNSS is used in some of the IAB nodes can be initially handled with proper implementation. Any enhancements can be considered optimization and therefore may be addressed in later releases.
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