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1	Introduction
As concluded by RAN1 and defined in RAN#82 agreed WID [2], the IAB synchronization will be based on OTA (over the air) timing utilizing the timing advance (TA) control information to adjust the timing of the IAB nodes. Only Case #1 timing [1] will be supported in Rel.16 where the DL timing is synchronized among all nodes and UL timing is based on normal TA loop.
In this paper we elaborate the IAB OTA synchronization and whether enhancements would be needed for the timing control of IAB nodes.

2	Discussion
2.1	Parameters for OTA timing control



The initial time alignment value set with the RAR message is , where TA = 0, 1, 2, ..., 3846 and  refers to sub-carrier spacing (kHz). After the initial access, TA adjustment is relative, i.e. the TA command indicates a “delta” to the used TA value, [4]: , where TA = 0, 1, 2,…, 63.
Used TA is (NTAoffset + NTA)*Tc, where the NTAoffset is a value fixed or signalled by higher layers, NTA is the value controlled by the TA loop. Tc is the basic time unit defined in [3].
In TS 38.133 the NTAoffset values are defined as follows:
	Frequency range and band of cell used for uplink transmission
	[bookmark: OLE_LINK15][image: ](Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	25600 (Note 1)

	[bookmark: OLE_LINK72]FR1 FDD band with LTE-NR coexistence case
	0 (Note 1)

	FR1 TDD band with LTE-NR coexistence case
	39936 or 25600 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset according to [2]. If UE do not receive the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band.
Note 2:	The value of [image: ] that applies to the supplementary UL carrier is determined from the non-supplementary UL carrier.



The NTAoffset is providing a gap for RX/TX switching and it is dependent on used frequency band (FR1/FR2) and coexistence with LTE according to the table above. The value of NTAoffset can be indicated in SIB1 or in dedicated signalling. If the IE is omitted the default value of 25600 is used in FR1. In FR2 is it fixed to 13792. For the IAB synchronization it is assumed that the parent node follows the respective NTAoffset value when controlling the UL RX timing for the child nodes.

2.2	OTA synchronization in Case #1
Figure 1 shows the Case #1 in a two-hop scenario. The Donor provides the reference timing with the accuracy based on the gNB timing requirements. IAB nodes adjust their timing to be aligned with the Donor timing resulting in synchronized DL in cells served by nodes with fixed and wireless BH connections. In Figure 1 white and grey bars indicate RX and TX signals, respectively.
[image: ]
[bookmark: _Ref533077582]Figure 1 IAB Case #1 timing
As discussed in 2.1 the UL RX timing at the parent/donor will be set with the TA control loop to be TAOffset in offset w.r.t. DL TX timing. In practice the UL timing may not be exactly as indicated by TAOffset but there can be a deviation, indicated by TDev in Figure 1. The deviation can be caused by the granularity of the TA command, latency in the TA loop or time drift due to local oscillator at the (either parent or child) IAB node.
The TDev, however, is in practice included in the timing error calculation as discussed e.g. in [6] as it will be affected by the TX/RX timing inaccuracies which in turn will affect the TA control. The TA granularity is taken into account in the timing error calculations. The latency of the TA command is not an issue in IAB deployment where the locations are fixed and the oscillators are more stable than those in normal UEs. The averaging can have longer periodicities resulting in more accurate estimates. Furthermore, BH links can typically have LOS connections and/or utilizing narrow beams so that the timing estimation has to cope with no or only very limited delay spread minimizing the timing estimation error. For these reasons, the number of supported hops may in practice exceed 5 hops in FR2.
The oscillator drift will affect both the DL RX timing and the UL TX timing or the IAB node where the RX timing is the reference for the TX TA adjustment. Therefore, the TA loop will eventually correct the potential timing drift due to oscillator inaccuracy.
Considering the above, if we assume that the number of hops supported by the OTA synchronization (at least 5 hops for FR2 and 1 hop for FR1) is sufficient for Rel.16, there does not seem to be need for specifying additional signalling for Case #1 timing.
On FR1, IAB deployment and relaying is less probable due to limited capacity. Also, the coverage is comparable to LTE and therefore the need for extended coverage by using additional sites will be lower. If extended coverage was anyway needed, likely one hop relaying will be sufficient in majority of the cases.
Observation 1: The practical number of supported BH hops seems sufficient in the anticipated IAB deployment scenarios.
Considering the discussion above, we think that for Rel.16 current specifications should be sufficient for OTA synchronization meeting the IAB requirements in typical deployment scenarios.
Proposal 1: For IAB synchronization, Rel.15 TA control signalling can be used for OTA based synchronization.

2.3	Synchronization signals
The initial synchronization is based on SS signals which have limited bandwidth. This limits also the achievable accuracy of the timing estimation. This has some meaning only during the initial access but in connected mode improved accuracy is achieved by configuring TRS signals for betters timing estimation. While active, IAB nodes will be in connected mode and the timing estimation can be based on TRS providing better accuracy for the TA control.
Observation 2: Improved timing accuracy can be achieved by using TRS signals specified in Rel.15.

2.4	Timing requirements
As discussed above, the IAB implementation (gNB based) and deployment (stationary with typ. LOS connections) differ from the UE and therefore the achievable timing accuracy can be better than that of an UE. The target will be also to minimize the impact to the access UEs as each IAB node will serve its own cell. What would affect the access UEs is the change of the IAB DL TX timing. Otherwise, the impacts will be within/between the IAB nodes and can be controlled by the nodes themselves. With DL TX timing, what matters is the step size and how fast the timing can be changed. There could be IAB specific requirements taking into account the assumptions for the UE behavior in tracking the DL timing. The same requirements can apply also in case the timing need to be adapted to the new parent after a BH link change, or when IAB has dual connection to two parent nodes. This will be a topic for RAN4 to discuss and agree. 
Proposal 2: The step size and how fast the DL TX timing of the IAB node can be changed, applicable both in single/multi-connectivity and after BH link change, is up to RAN4 to discuss and agree.
 
3	Conclusions
In this contribution elaborated the achievable timing accuracy and whether IAB specific enhancements would be needed. Based on the analysis, we had following observations:
Observation 1: The practical number of supported BH hops seems sufficient in the anticipated IAB deployment scenarios.
Observation 2: Improved timing accuracy can be achieved by using TRS signals specified in Rel.15.
Regarding the IAB support in Rel.16, we are proposing following:
Proposal 1: For IAB synchronization, Rel.15 TA control signalling can be used for OTA based synchronization.
Proposal 2: The step size and how fast the DL TX timing of the IAB node can be changed, applicable both in single/multi-connectivity and after BH link change, is up to RAN4 to discuss and agree.
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