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1	Introduction
The Integrated Access and Backhaul (IAB) is applicable especially on the mmWave and TDD bands. The assumption is that the network is synchronized and therefore also wirelessly connected IAB nodes need to comply with the synchronization requirements defined for the network. This paper discusses the ways how the synchronization can be done and what kind of requirements will be set for the operation.
2	Discussion
Network synchronization has been studied in the past, and there are certain obvious alternatives that can be considered:
1. GNSS based timing
2. Over-the-air (OTA) measurements between network nodes
3. Utilization of UE reporting and transmission of suitable signals like PRACH preambles
Usage of satellite based systems (GNSS) would require dedicated receivers, possibly separate antennas and feeders to implement the solution. This would be a cost and deployment issue. Furthermore, the GNSS coverage may not be guaranteed in all cases like indoors or deep street canyons which could result in specific installations and implementation/deployment issues. From standards perspective, GNSS can be considered purely a choice for implementation to meet the performance requirements. Therefore, this option can be excluded in the standardization discussion and is not treated in detail here.
Observation 1. Usage of GNSS for IAB synchronization has implementation impacts and can require specific site installations. It can be considered an implementation option and would not require specific standards support.
Proposal 1. Usage of GNSS based IAB synchronization can be left for implementation.
OTA methods rely on the direct link measurements between the network nodes. This requires coordination between the nodes in order to configure the transmissions of known signals and corresponding measurements at the monitoring node to coincide. The existing signals can be used and therefore the study of such options is within the scope of other RAN WGs.
Proposal 2. OTA based synchronization methods are beyond the scope of RAN1 and can be left out of RAN1 discussion.
The third area includes multiple options where UE reported measurement results and/or measurements of the UE transmitted signals are utilized. There has been RAN3 study about such solutions [2] and, similarly to OTA case, many of the options require coordination between the network nodes and therefore can be considered, at least at this stage, be out of RAN1 scope. However, one of the basic solutions within this group is based on timing advance adjustment (TA), and that method could also be studied for setting IAB reference timing. It does not require definition of any new signals or signaling, being therefore a suitable candidate for the IAB synchronization. In the following section, we elaborate further IAB specific issues and how TA could be applied to synchronize a network with IAB deployment.

2.1	IAB TX and RX timing
The IAB node has UE (or MT, Mobile Termination) functionality for communicating towards the network (donor node) or the upstream serving IAB node. The IAB UE can operate similarly to access UEs regarding connection setup/release, support for RRM with measurement reporting, etc. The same can also apply with the timing i.e. the IAB UE’s timing (IAB node’s upstream BH timing) can be based on DL (or downstream BH) signal RX timing and TA adjustment.
Figure 1 illustrates timing of a simple two-hop IAB deployment scenario. Solid vertical lines indicate the reference slot timing at the donor (with fixed BH connection) node that is used as the time reference by the subtending IAB nodes. TP1 and TP2 are one-way propagation delays over the backhaul links BH1 and BH2, respectively. In the shown example the propagation delays are different on BH1 and BH2. TA1 and TA2 are the timing advance used for the UL (upstream backhaul connection) slots on BH1 and BH2, respectively.
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Figure 1. RX/TX timing in two-hop IAB scenario
Yellow slots in Figure 1 refer to DL or downstream BH slots whereas green ones are UL/upstream slots. Starting from the top, the donor transmits a slot to IAB node 1 starting at the reference timing of its own time base. The slot is received by the IAB1 after the propagation delay TP1. The IAB DL reception time is indicated as dashed vertical line with TP1 offset from the reference time at the donor. The UL slot transmission of the IAB1 shall be advanced by TA1 to be on time, i.e. at the reference time, at the donor reception. This is the normal operation of any UE and therefore the BH UL and access UE UL receptions are time aligned and can happen in the same time slot assuming frequency division of used resources.
If the IAB node 1 is scheduled for UL TX in a slot following DL reception, the scheduler at the Donor should take into account the TA and required GP for RX/TX switching to avoid any overlap between DL RX and UL TX at the IAB node.
On the next hop over BH2 link, IAB node 1 acts as a gNB (some of the gNB functions may reside in a centralized unit/donor, though) towards the IAB node 2 and can be a serving node for its own cell. To maintain synchronization of DL transmissions in all cells, IAB nodes have to align their DL/downstream TX with the donor timing. The alignment between Donor and IAB Node 1 is achieved if the IAB Node 1 adjusts its DL/downstream TX timing assuming that the propagation delay between it and Donor is TA1/2: the DL/downstream TX timing is delayed by TA1/2 relative to the upstream TX timing or, equivalently, advance by TA1/2 relative to the timing of received downstream. As a consequence, there will be separate TX timings at the IAB node for UL/upstream and DL/downstream.
Observation 2. To maintain network synchronization also with IAB deployment, and to align the reception timing of upstream IAB and access UE UL signals, IAB nodes apply timing advance TA for upstream TX and TA/2 for DL/downstream TX relative to the timing of the received downstream signal.
On the next hop (BH2), there will be similar timing adjustment at IAB node 2. One should note that the TA2 may differ from TA1 (in Fig.1 TP1 > TP2) but that should not affect the timing adjustments that shall be done by IAB node 2. IAB node 2 UL timing is adjusted by TA2 compensating the two-way propagation delay over BH2. The UL slot will arrive at IAB node 1 aligned with the UL timing of the cell served by IAB node 1. Comparing the IAB node 1 RX timing on BH1 and BH2 it can be noticed that they also differ, similarly to the TX timing on the two directions. Hence, both TX and RX timing at the IAB node will have two timing references.
Observation 3. The RX timing on downstream and upstream BH links will be different when maintaining the network synchronization and alignment of UL signals.

2.2	Timing requirements
In NR the TA granularity depends on the used numerology according to Table 1:
Table 1. Granularity of TA adjustment
	Subcarrier Spacing (kHz) of the uplink transmission
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts


Note:  seconds.
In [4] this has been specified as follows:


“For a subcarrier spacing of  kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG as multiples of .”
With these values, the granularity is largest with 15kHz SCS being 521ns and shortest with 120kHz SCS being 65ns. Maximum timing error due to granularity can be assumed to be half of the specified granularity value.
Additionally, [3] specifies requirements for the TX timing error (Te) and TA adjustment accuracy. The values of Te depend not only on the SCS but also on the frequency range according to Table 2 below:
Table 2. TX timing error limits
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	[12]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[10]*64*Tc

	
	30
	15
	[8]*64*Tc

	
	
	30
	[8]*64*Tc

	
	
	60
	[7]*64*Tc

	2
	120
	60
	[3.5]*64*Tc

	
	
	120
	[3.5]*64*Tc

	
	240
	60
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	120
	[3]*64*Tc



The limit is +/- Te and therefore the indicated value is the max allowed error. Final values are still to be confirmed but they are of the same order of magnitude as the TA granularities. The reference point for the UE TX is the time when the first detected path of the downlink frame is received from the reference (serving) cell. In the IAB case, and especially on the higher bands, high LOS probability can be assumed (IAB nodes are not placed randomly but aiming for LOS between them) and the channel delay spread will be small when using narrow beams (both TX and RX). Therefore, the reference point for the time derivation will be more accurate than what is typically with access UEs.
For the UE TA adjustment accuracy, the requirements are listed in Table 3:
Table 3. UE TA adjustment accuracy
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc



Allowed inaccuracies for TA adjustment are clearly smaller than the TA granularity but non-negligible.
All parameters discussed above affect the accuracy of the IAB UE to align its time reference with the serving node, either Donor or another IAB node in case synchronization of the IAB node is done utilizing signaled TA value, and assuming the normal UE requirements for timing accuracy are applied also for IAB UE.
As an example, if we assume that the errors are additive, the maximum error for 120 kHz SCS/FR2 will become:
((16*64/8)/2 + 3.5*64 + 32)*Tc = 163ns, 
where the 1st term is the granularity divided by 2, the 2nd term Te and the 3rd one TA adjustment accuracy.
Corresponding value for 15kHz SCS/FR1 would be 1.04 us. 
In [3], cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. The cell phase synchronization accuracy measured at BS antenna connectors shall be better than [3] µs.
NOTE: The requirement value is to be confirmed. The assumption is that the same value applies for all numerologies.
The allowed inaccuracy for cell synchronization is larger than the timing errors calculated above. This is even more evident on the mmWave bands where the timing accuracy will be substantially better than what is required for cell synchronization.
Observation 4. Estimated timing errors are shorter than the requirement for the cell phase synchronization accuracy.
When using TA adjustment to determine the timing reference, there will be an IAB deployment specific issue when concatenating of multiple IAB nodes as a multi-hop relaying scenario. Each IAB node uses the upstream serving node for its timing reference. That means that any errors in timing will propagate over multi-hops causing possible cumulative error in the time reference. The standard may not limit the number of hops but there can be practical issues (deployment scenario, latency requirement, etc.) limiting the number of hops to only few, e.g. 4 to 5. Based on the error analysis above, one could argue that on mmWave bands there is sufficient margin to support multi-hop topologies up to the number hops that seem practically sensible. Only with largest SCSs and low bands the synchronization error could limit the number of supported hops. However, the latter case is not the anticipated IAB scenario and it is de-prioritized also in the IAB SI.
Observation 5. TA based synchronization can support also multi-hop topologies in the anticipated IAB use cases and scenarios.
Proposal 3. TA based synchronization can be taken as basis for IAB synchronization supporting also multi-hop scenarios.

3	Conclusions
In this contribution we have elaborated the assumptions for the timing of the IAB nodes and how the synchronization of the DL and UL signals can be done with IAB deployment. Furthermore, we analyzed the timing requirements specified for NR with the accuracies achievable with the TA based synchronization. We ended up with following observations and proposals:
Observation 1. Usage of GNSS for IAB synchronization has implementation impacts and can require specific site installations. It can be considered an implementation option and would not require specific standards support.
Observation 2. To maintain network synchronization also with IAB deployment, and to align the reception timing of upstream IAB and access UE UL signals, IAB nodes apply timing advance TA for upstream TX and TA/2 for DL/downstream TX relative to the timing of the received downstream signal.
Observation 3. The RX timing on downstream and upstream BH links will be different when maintaining the network synchronization and alignment of UL signals.
Observation 4. Estimated timing errors are shorter than the requirement for the cell phase synchronization accuracy.
Observation 5. TA based synchronization can support also multi-hop topologies in the anticipated IAB use cases and scenarios.

Proposal 1. Usage of GNSS based IAB synchronization can be left for implementation.
Proposal 2. OTA based synchronization methods are beyond the scope of RAN1 and can be left out of RAN1 discussion.
Proposal 3. TA based synchronization can be taken as basis for IAB synchronization supporting also multi-hop scenarios.
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