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1. Introduction
The frequency error requirement for IAB has been discussed for several meetings. There was some preliminary agreement or consideration that DU will use absolute accuracy requirement and MT may also consider the same approach. This contribution provides our consideration for both DU and MT from system point of view. 
2. Discussion
According to the discussion and agreement until RAN4#93, IAB-DU can use the absolute frequency accuracy requirement because DU behaviour and implementation is the same as BS. But for IAB-MT, the understanding is different that absolute or relative accuracy should be discussed and decided. We did some analysis on the system performance for different deployment scenarios, the conclusion is that IAB-DU requirement should be absolute accuracy but the IAB-MT requirement should be relative accuracy. The detail analysis is as following.


Figure 1: Parent- and child-node relationship for IAB-node
According to the patent and child node relationship as shown in Figure 1, IAB-MT access behaviour with regard to parent node is like a UE. If IAB is deployed as fixed node, both DU and MT frequency can refer the GPS component which is more accurate than the frequency recovering from the parent DU. Fixed node deployment is the main scenario in R16 study because of the time limitation but mobile IAB is also an important use case in future. For example, IAB nodes are deployed on high speed trains or vehicles. Because mobility optimization is considered in the R17 IAB scope and RF requirement should be defined considering forward compatibility, we analysed frequency error requirement of the mobile IAB case.
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(a)                                                                                      (b)
Figure 2: Mobile IAB scenario example
As shown in Figure2, when the train is moving, the IAB node mounted on the train has Doppler frequency shift according to the fixed IAB Donor. In order to receive the signal correctly, the IAB-MT shouldn’t use the local frequency reference, i.e. the clock recovered from GPS component, but the frequency recovered from the DL signal. MT should calibrate the Doppler frequency shift using AFC technology exactly like the UE behaviour. The implementation of AFC may be the combination of baseband and the hardware. And the frequency error requirement should be the relative frequency error compared with the parent IAB. Then for IAB-MT, we have the following observation and proposal.
Observation 1: IAB-MT should compensate the Doppler frequency shift if the IAB is mobile IAB.
Proposal 1: IAB-MT frequency error requirement is the relative frequency error compared with the parent IAB.
For the DU, there may be two choices to design the clock system. First is that DU uses the same carrier frequency with MT, then the DU frequency includes Doppler frequency shift and UE inside the train sees the carrier frequency with Doppler frequency shift according to the IAB Donor. However, the relative movement of UE and DU is not the same with the movement between UE and the Donor. For this implementation, high end UE may have no problem but it seems this solution doesn’t use the benefit of IAB node on the high speed train. It’s also possible that some low end UE’s performance is not that good then the UE can’t communicate with the DU very well because of the Doppler shift. The second choice is that DU uses independent clock system which is the same with BS. DU can use the carrier frequency in ARFCN signalling to transmit and receive signal. In the second implementation, no Doppler frequency shift is seen from the UE point of view when UE doesn’t move on the train. The second implementation is more complicated for IAB node thus more cost is needed.
Observation 2: Two implementations choices can be considered for the clock system of mobile IAB.
In order to choose one of the two clock system implementations, we can take another scenario to consider more. In multi-hop deployment, if the mobile IAB is the first hop, the mobile IAB-DU should transmit the signal on the absolute frequency not the frequency from MT. The reason can be explained in detail considering the scenario that the next hop is a fixed node. When the mobile IAB is moving toward or away from the next hop IAB, the next hop IAB can compensate the Doppler frequency shift from mobile IAB-DU which transmits the signal on a fixed carrier frequency.  But if the mobile IAB-DU uses the frequency from mobile IAB-MT, the IAB-DU carrier frequency is always changing to compensate the Doppler frequency shift relative to the Donor. This makes the transmit frequency more complicated for the next hop. Taking the scenario (b) in figure 2 for example, the mobile IAB-MT can have very different Doppler frequency shift for the two very close moments, but for the next hop the mobile IAB movement direction may be only one direction. Therefore, the IAB-DU carrier frequency should transmit the signal on the absolute frequency not the relative frequency regarding the IAB donor. With that assumption, the frequency error from the first hop will not transfer to the next hop. Then we can reach the conclusion that the requirements for IAB-DU can follow BS requirements and IAB-MT can follow UE requirements. There were some discussions in the last meeting that ± 0.1 PPM is used for all of IAB-DU if any DU class is defined. We don’t think the requirements can be relaxed without any justification. Therefore, we think reusing the same requirements with BS is the correct approach. We have the following observation and proposals.
Observation 3: DU and MT use independent clock system is the correct implementation. 
Proposal 2: IAB-DU frequency error requirement should follow BS requirements of different classes.
Proposal 3: IAB-MT frequency error requirement should follow UE requirement to be ± 0.1 PPM.
3. Conclusion
This contribution does the analysis for IAB frequency error requirement from system point of view. We have the following observations and proposals.
Observation 1: IAB-MT should compensate the Doppler frequency shift if the IAB is mobile IAB.
Observation 2: Two implementations choices can be considered for the clock system of mobile IAB-DU.
Observation 3: DU and MT use independent clock systems is the correct implementation. 
Proposal 1: IAB-MT frequency error requirement is the relative frequency error with the parent IAB.
Proposal 2: IAB-DU frequency error requirement should follow BS requirements of different classes.
[bookmark: _GoBack]Proposal 3: IAB-MT frequency error requirement should follow UE requirement to be ± 0.1 PPM.
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