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1 Introduction
At the 3GPP TSG RAN #75 meeting, the Study Item description on "Study on Integrated Access and Backhaul for NR" was approved [1]. 

And it was agreed in last RAN3#99 meeting [2]:
	Time synchronization between IAB nodes is also very essential e.g. to support TDD system and some potential features which need network synchronization. IAB may have additional requirement on network synchronization, which includes in-band wireless backhaul and multi-hops backhauling.


Based on the agreement reached in last meeting, this paper will further discuss requirements, current situations and potential solutions for network synchronization.
2 Discussion
2.1
Network synchronization requirements
In LTE networks, more features have been introduced in different releases, e.g. eICIC, eMBMS, NSAICS, eCOMP, and etc. which benefit from phase synchronization of the network to be able to provide better performance than without the synchronization.

In NR networks, TDD is supported which needs network synchronization. Besides that it is envisioned that some features similar with LTE also benefit from phase synchronization of the network. In RAN4, the cell phase synchronization accuracy is defined as [3] TS 38.133: 
-
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.
According to TS 38.133, the basic requirement for synchronization between any pair of cells on the same frequency that have overlapping coverage areas in TDD network is [3] µs. Based on the definition in RAN4, the following proposal is proposed for IAB network synchronization as a start point.

Proposal 1: The cell phase synchronization accuracy measured between IAB nodes shall be better than [3] µs.

2.2
Situation of synchronization in IEEE and 3GPP
Currently there are several existing mechanisms for time synchronization as specified in other organizations, e.g., GPS/GNSS, IEEE1588V2, which are expected to provide high synchronization accuracy.
For deployment of GPS several aspects need to be considered. First one is the selection of the installation location. The GPS needs the antenna to be on the tower to ensure the good reception of the GPS signal thus is critical for the location of installation. Another aspect is the feeder. For the whole GPS system a special feeder is necessary. If the feeder is too long, an extra amplifier is required. Thirdly, the cost of installation and maintenance is high. And finally there is also a potential risk if the network relies on the GPS system. It may lead to the whole network paralysis because of un-synchronization in urgent cases. IAB requires flexible and low cost deployment which could have a limitation to install GPS in each IAB node.
For IEEE1588V2, most of the legacy networks do not support the protocol of 1588V2. In this case, the whole transmission network needs to be updated, which requires a large cost for the hardware and software updates. Furthermore, the transmission network should be adjusted to a symmetrical network as one of the assumption of the solution. However, since IAB uses wireless backhaul, whether using 1588V2 in IAB is feasible or not should be studied.
Several solutions regarding radio based synchronization and network assisted synchronization were studied in LTE, including:
-
Radio-interface based synchronization (RIBS) which was specified in R12 for small cell.
And, In the Rel-14 Study on Network Assistance for Network Synchronization in LTE, four network based solutions have been proposed and evaluated from RAN3’s perspective as follows.

-
Solution 1 is a network based solution reusing the existing signaling during handover. The timing of the received message could be achieved by the cells after sending one message to one eNB, while the other eNB is also listening to the same message, e.g., RACHs. The propagation delay could also be achieved from the procedures. The collecting, exchanging of time information should be allowed.
-
Solution 2 is based on achieving synchronisation of neighbouring base stations by means of detecting reference signals transmitted over the air and detected via an UL receiver. The solution allows to calculate propagation delays of such reference signals from synchronisation source to synchronisation target. 

-
Solution 3 focuses on enhancing RIBS by compensating the inter-cell propagation delay utilizing TA during mobility for the case that synchronisation target is a small cell with negligible intra-cell propagation delay.

-
Solution 4 focus on enhancing RIBS by compensating the inter-cell propagation delay based on exchange of location information over S1/X2/OAM to compensate line of sight propagation delay.

Analyzing these solutions studied in LTE, RIBS doesn’t compensate the propagation delay between source synchronization device and target synchronization device which will increase the synchronization error. And other network based solutions don’t consider anything about the relay scenario. When considering in-band wireless backhaul and multi-hops backhauling for IAB, the error for network synchronization may increase in proportion to the number of hops. Therefore, the solutions mentioned above will not be suitable for IAB. In order to meet [3] µs cell phase synchronization accuracy, new solutions should be further studied.
Observation 1: To meet the requirement of time synchronization between IAB nodes, new solutions should be further studied.
2.3 Path based network synchronization of IAB nodes

Based on the discussion above, multi-hops synchronization like RIBS may not be suitable for IAB to reach a reliable and accurate synchronization. Therefore, path based network synchronization schemes may be a potential solution to meet the synchronization accuracy, where IAB nodes directly synchronize to the IAB donor. Considering multi-hops in IAB, there may not be a direct link between IAB nodes and IAB donor. One possible way to synchronize to IAB donor can be done at low frequency, but is limited by the frequency resource availability. Therefore, high frequency based multi-hops based network synchronization will be more suitable for IAB nodes. An example processing for path based network synchronization is provided as follows.

(1) IAB node3 sends a synchronization request to IAB donor.

(2) IAB donor sends synchronization signal with timestamp T1 to IAB node3 relayed by IAB node1 and IAB node2.

(3) IAB node1 and IAB node2 record downlink waiting time in each node and forward the downlink waiting time accompanying with the synchronization signal described in (2).

(4) IAB node3 records the timestamp T2 for the timing of reception for synchronization signal, sends a delay request to IAB donor through multi-hops and records the timestamp T3 for the timing of transmission, where the delay request is a signal that requests IAB donor to respond timestamp T4.

(5) IAB node1 and IAB node2 record uplink waiting time in each node and forward the uplink waiting time accompanying with the delay request described in (4).

(6) IAB donor records the timestamp T4 for the timing of reception for the delay request and then sends timestamp T4 and the uplink waiting times to IAB node3 in the signal of delay response corresponding to the delay request.
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Figure 1: An example of path based network synchronization 
Based on the timestamps information and waiting times in uplink and downlink, IAB node3 can derive the timing offset to IAB donor similar to the principle of IEEE 1588v2.
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Where offset denotes the time difference between IAB donor and IAB node3. In addition, propagation delay in each hop and waiting time in each IAB node are represented as 
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, subscript D and U donate downlink and uplink respectively.

Finally, time difference between IAB donor and IAB node3 can be attained and expressed as: 
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Proposal 2: When considering in-band wireless backhaul and multi-hops backhauling, path based network synchronization scheme can be a potential solution for IAB.

3 Conclusion and Proposals
In this contribution we discussed requirements, current situations and potential solutions for network synchronization. And we make the following observations and proposals:
Observation 1: To meet the requirement of time synchronization between IAB nodes, new solutions should be further studied.

Proposal 1: The cell phase synchronization accuracy measured between IAB nodes shall be better than [3] µs.
Proposal 2: When considering in-band wireless backhaul and multi-hops backhauling, path based network synchronization scheme can be a potential solution for IAB.
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