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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 made following agreements in the needed enhancements for the IAB synchronization and timing, [2]:
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 paper we elaborate the derivation and signalling of T_delta other related FFS items.

2	Discussion
The parameter T_delta is related to the actual RX/TX switching gap at the parent node. As discussed earlier in the study item and RAN1 AH1901 and as stated in the RAN1 AH1901 agreement, there can be multiple factors affecting the switching gap, like targeted offset between RX/TX, TA granularity, TA control loop latency, oscillator drift, etc. However, regardless of what all issues affect the resulted switching gap, the child node shall just apply the T_delta signalled by the parent node when setting the DL (DU) TX timing.

As stated 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”. Figure 1 illustrates timing relations at the IAB node and the parent node for TX/RX over the BH link.
[image: ]
[bookmark: _Ref181108]Figure 1 TX/RX timing over BH link
The propagation delay that can be derived at the IAB node TPBH = TA/2. Figure 1 shows also the potential deviation of the UL timing (T_delta) that is not detectable by the IAB node. This is what shall be signalled by the parent node for the IAB to be able to correctly set the DL TX timing. The DL TX shall be advanced by TA/2 + T_delta w.r.t. DL RX timing over the parent link. With this assumption, the granularity of T_delta is important for synchronization accuracy. In addition, if the granularity of T_delta is smaller than the granularity of TA, T_delta signalling can be used to improve the accuracy of synchronization beyond TA granularity. In this case, whenever TA is changed, the T_delta should be adjusted to maintain the DL synchronization and to match with the changed switching gap (due to UL RX timing change) at the parent node.
Following sections discuss the requirements and format of the T_delta and how it should be signalled.

2.1	Value range, granularity and updates of T_delta
With the timing Case #1 the T_delta adjustment would not become very large as it does not try to align the UL/DL TX timing at the IAB node which is the target with timing Case #7, [3]. Therefore, it can be assumed that the range of adjustment would be comparable to the TA granularity. The three parameters, value range, granularity and update cycle, can be considered to be interrelated:
· T_delta with finer granularity than TA:
· more frequent updates are needed than for TA
· a larger number of bits needed to achieve same absolute adjustment range than TA command
More frequent updates and a higher number of required bits would increase signaling overhead. Therefore, a suitable approach will be a trade-off between these parameters.
Proposal 1: The definition of signaling of T_delta shall take the value range, granularity and update cycle jointly to reach a suitable compromise between signaling overhead and accuracy.
One question is whether T_delta should be signaled periodically or only when UL timing error exceeds a given value. In a stable situation where the IAB nodes are not moving and the oscillator accuracies are comparable to normal gNBs, a periodical adjustment would likely result in unnecessary signaling and thus more overhead. It seems unnecessary to restrict the signaling to periodical and better way would be to allow T_delta signaling when the deviation exceeds a given threshold. The threshold could be configurable and/or relative to the granularity of T_delta. This would allow faster signaling to fine-tune the time adjustment once new TA command has been sent
Proposal 2: Parameter T_delta should be signaled when measured time deviation exceeds a given threshold.
In practice, the signaling frequency and/or the adjustment range should allow faster provisioning of timing information than is required/allowed for the IAB-DU DL TX timing change so that the T_delta signaling would not become a limiting factor for IAB synchronization. This would be enabled applying the principle of the Prop.2.
Because both TA control value as well as the signalled T_delta are affecting the setting of the IAB-DU TX timing, these two parameters can be considered jointly at the IAB node when deriving the need for the timing adjustment. How often and with what step size the timing is changed requires RAN4 involvement.
Proposal 3: Used TA (NTA) value as well as signalled T_delta can be considered jointly when deriving the IAB DL TX timing adjustment. RAN4 to be involved to define the requirements for the timing adjustment.

2.2	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 is not exceeding 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. The exact behaviour of the IAB node can therefore be left for implementation option.
Proposal 4: The IAB node behaviour for the synchronization do not need to be specified separately for multi-connectivity scenario.

2.3	Signaling of T_delta
The method for signalling of the T_delta value could basically be either RRC or MAC-CE. Because the RRC is running at the IAB Donor, it does not seem to suit for timing control signalling between IAB nodes, which may be some BH hops away from the IAB donor. The timing control will be similar to TA and therefore it would be logical to use MAC signalling also here.
Proposal 5: Enhanced MAC-CE can be used to signal T_delta.
Following options can be considered to signal T_delta with MAC-CE:
a) Specify a new MAC-CE for T_delta
b) Combine TA and T_delta in MAC-CE timing advance command
Option a) would not affect the TA control signaling and therefore would be a cleaner solution particularly in the case when T_delta has different granularity. Furthermore, this would allow independent control with separately chosen frequency.  The option b) does not seem to make sense as part of the inaccuracy can be caused by the TA control loop itself, as discussed above. Also, it would limit the flexibility to define granularity optimized for T_delta and the principles how and how often to signal the combined information.
[bookmark: _Hlk962540][bookmark: _GoBack]Proposal 6: Specify a new MAC-CE separate from TA to signal T_delta to the child IAB node.

3	Conclusions
In this contribution we have elaborated the T_delta definition and signaling concluding with following proposals:
Proposal 1: The definition of signaling of T_delta shall take the value range, granularity and update cycle jointly to reach a suitable compromise between signaling overhead and accuracy.
Proposal 2: Parameter T_delta should be signaled when measured time deviation exceeds a given threshold.
Proposal 3: Used TA (NTA) value as well as signalled T_delta can be considered jointly when deriving the IAB DL TX timing adjustment. RAN4 to be involved to define the requirements for the timing adjustment.
Proposal 4: The IAB node behaviour for the synchronization do not need to be specified separately for multi-connectivity scenario.
Proposal 5: Enhanced MAC-CE can be used to signal T_delta.
Proposal 6: Specify a new MAC-CE separate from TA to signal T_delta to the child IAB node.
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