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1 Introduction
In the last meeting the frequency error requirement for IAB-DU and IAB-MT nodes was discussed.
This paper discusses the issues raised.
2 Discussion
The BS frequency error requirement is:
Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency.
……
For BS type 1-C and 1-H, the modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 6.5.1.2-1 observed over 1 ms.

Table 6.5.1.2-1: Frequency error minimum requirement
	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm



The UE is:
The UE modulated carrier frequency shall be accurate to within ± 0.1 PPM observed over a period of 1 ms compared to the carrier frequency received from the NR Node B.
There are two big differences between the requirements:
· The most obvious is the accuracy value for the UE is 2x that of the BS (wide area)
· The reference for the BS is absolute bit the IUE is the BS.

As such a compared to an absolute reference the UE may have a frequency error of up to 0.15ppm in wide area network and 0.2ppm in a medium range or local area network.
A BS generally gets its timing from its transmission, which long terms is extremely accurate. 
2.2	IAB
It is assumed that the IAB-parent acting as an IAB-DU is a BS and has the same RF parameters as a BS. This BS may be of any type but in simulations we have assumed both macro and micro, as such the worst case frequency accuracy is 0.1ppm.
An IAB child node does not have a transmission connection (otherwise why would IAB be needed?), its transmission comes from the parent IAB-DU. 
As can be seen in figure 1, whilst the 1st IAB-MT node can meet frequency error requirements any subsequent nodes cannot.
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Figure 1. Frequency error in an IAB chain
It is not shown in the diagram but if the 1st IAB child were also communicating with UE’s as a BS then that BS would not be able to meet the specification. The intention is that IAB nodes can also act as traffic nodes to UE’s this means that not even a 1 hop system is able to operate with standard BS and UE frequency error values.
Clearly a simple solution to this would be to have another timing source at each IAB-DU node (GPS for example). This would mean that each IAB node could meet the absolute requirement without consideration of where it were in the chain. The requirements could be specified as absolute in the same manner they are currently specified in the BS specifications.
This does however rely on an alternative method being available, satellite signals are not available in all locations and hence this would restrict operation of IAB nodes to where such timing were present.
Another solution could be to tighten the frequency accuracy requirements on all the IAB nodes. Using the wide area BS requirement on the medium area nodes would allow an additional IAB link before the frequency accuracy levels are equivalent to the medium area errors.
A combination of the two may be suitable so it is possible to have one or tow IAB links in a chain before an external absolute frequency reference is required. Clearly if the 1st BS is a macro and has the higher frequency accuracy this may be possible. AS is shown in figure 2.
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Figure 2. 1 hop IAB network using BS frequency error
Enhancing the frequency error or deciding the need for an external absolute frequency reference depends on the hop distance and possibly the type of IAB parent node. The parent node may not be known until deployment and the IAB routing (and hence hop number) may be dynamic. As such a fixed RF frequency accuracy requirement may be difficult, as only the accuracy of eh TRX to the reference source can be specified not the reference source itself.
3 Summary
This paper discusses the issues around the frequency accuracy and the reference for the IAB node. Whilst it seems a simple and inevitable solution to require an external frequency reference for each IAB node, it is shown that a limited number of hops could be kept within tolerance by increasing the accuracy requirements of the IAB nodes. 
There is benefit in having at least 1 remote node which does not need and external reference as it could be used in locations where external timing references cannot be received.
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