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1	Introduction
Timing issues of the Integrated Access and Backhaul (IAB) were discussed in RAN1#92bis with following agreements:
· Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 
· Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied.
RAN1 also agreed following as the basis for the IAB operation which are also related to synchronization of the IAB nodes:
· The Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.
· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.
RAN1#92bis conclusions were aligned with the overall approach to utilize Rel.15 NR capabilities as much as possible before defining any new IAB specific features. For the synchronization of IAB nodes this means to study first the basic access and synchronization procedures specified for the access UEs to be applied for the UE (or MT) part of the IAB node.
In [2] we elaborated potential options for the synchronization of IAB nodes concluding that IAB timing reference can be based on the TA (timing advance) commands from the serving cell. The assumption was that the timing on the access link would be aligned with the donor cell timing to maintain synchronized DL in all cells. There was also an analysis for other timing options [3] how IAB node timing could be adjusted w.r.t. RX timing on the BH link to donor and what would be the resulted requirements for guard periods.
In this paper we elaborate further the options for IAB synchronization and analyse whether the timing accuracies would meet the requirements in an IAB deployment scenario.

2	Discussion
When utilizing existing NR procedures, the OTA synchronization consists of UE synchronization to DL signals (SSBs) while detecting cells for camping, and, once a suitable cell is found/selected, UE initiates access procedure by sending appropriate PRACH from which the gNB determines the timing advance (TA) adjustment to be used in the subsequent UL transmissions. The TA adjustment is sent in msg.2/RAR. With the same procedure, the UE part of the IAB node can synchronize its DL/UL timing towards the serving cell/node. To our understanding this shall be the taken as the starting point for the IAB synchronization.
As proposed in [2] and aligned with the RAN1 view, the access and synchronization principles defined for access UEs shall be the baseline for the study IAB synchronization. The basic approach is to utilize the DL RX timing on the BH link as the reference combined with normal TA (Timing Advance) control from the serving node. How well such approach can meet the requirements for the timing accuracy is discussed in section 2.2.
The TA based timing adjustment has the benefit that it does not require specification work for IAB but can use existing control signaling.
[bookmark: _Hlk513452193]Observation 1: NR cell selection and initial access procedures with TA based IAB timing adjustment can be used as the baseline for IAB synchronization.
IAB specific timing, based on usage of existing procedures, are discussed in detail in the section below.

2.1	IAB TX and RX timing based on TA
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 apply also 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. In the example below, the access link (DL) timing is aligned between the cells served by the donor and the IAB nodes. Solid vertical lines indicate the reference slot timing at the donor node (with fixed BH connection) 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 case, the propagation delays are different on BH1 and BH2. TA1 and TA2 are the timing advance values used for the UL (upstream backhaul connection) slots on BH1 and BH2, respectively.
[image: ]
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.
[bookmark: _Hlk513540551]If the IAB node 1 is scheduled for UL TX in a slot following DL reception, the scheduler at the Donor should consider 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. Here we assume that the TX timing of the IAB1 cell DL and downstream BH2 TX timing are synchronous. To maintain synchronization of DL transmissions in all cells, IAB nodes should align their DL/downstream TX with the donor timing. The alignment between Donor and IAB Node 1 is achieved by adjusting DL/downstream TX timing by TA1/2 w.r.t. BH1 RX timing: 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. Consequently, there will be separate TX timings at the IAB node for UL/upstream and DL/downstream.
Observation 2. To maintain network synchronizes DL in all cells, IAB nodes should advance the DL TX timing by TA/2 relative to the timing of the BH RX 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.
The presented way of IAB timing adjustment corresponds to Option 1 in [3]. The other options in [3], would result in mis-alignment of DL TX in the donor and IAB cells. With the other options, the resulted time offset would also add up over multiple hops if the same principle is used on each BH link. This would essentially result in behavior as in an asynchronous network which will not be optimum for a TDD system. Considering the IAB applicability especially on mmWave bands and TDD operation, the network synchronization can be assumed. Synchronized operation shall be the same with and without IAB deployment. Any offsets in inter-cell timing will result in IAB specific interference scenarios where the timing differences between interfering and victim nodes tend to increase and CP lengths can be exceeded more frequently.
Observation 4. To achieve normal synchronized network operation, the access link DL TX timing of an IAB node should be aligned with that of the Donor and other IAB nodes.

2.2	Timing requirements
In NR, the TA granularity depends on the used numerology as specified in [5]:


“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 .”
The corresponding granularities are shown in Table 1:
Table 1. Granularity of TA adjustment
	Subcarrier Spacing (kHz) of the uplink transmission
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc


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, [4] 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
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4][3]*64*Tc

	
	
	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 typical 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.
The corresponding value for 15kHz SCS/FR1 would be 1.04 us. 
In [4], 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.
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 5. Estimated timing errors are shorter than the requirement for the defined 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 synchronization 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, we think 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 6. TA based synchronization can support also multi-hop topologies in the anticipated IAB use cases and scenarios.
Proposal 1. TA based synchronization is 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: NR cell selection and initial access procedures with TA based IAB timing adjustment can be used as the baseline for IAB synchronization.
Observation 2. To maintain network synchronizes DL in all cells, IAB nodes should advance the DL TX timing by TA/2 relative to the timing of the BH RX 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. To achieve normal synchronized network operation, the access link DL TX timing of an IAB node should be aligned with that of the Donor and other IAB nodes.
Observation 5. Estimated timing errors are shorter than the requirement for the defined cell phase synchronization accuracy.
Observation 6. TA based synchronization can support also multi-hop topologies in the anticipated IAB use cases and scenarios.

Proposal 1. TA based synchronization is taken as basis for IAB synchronization supporting also multi-hop scenarios.
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