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Introduction

In the RAN4#92 meeting, there were some initial discussions on frequency error requirement for IAB DU and IAB MT, therefore in this contribution, we want to share further considerations from architecture perspective.
Discussion 
First of all, how are legacy BS and UE achieving the frequency synchronization. The timing module of legacy BS is shown in Figure 1, the reference clock is based on the external Reference “dirty” clock or clean clock which could be either satellite signals (e.g. GPS, GLNOSS, Beidou etc) or IEEE1588 or BITS. Therefore the frequency error performance of AAU or RRU is mainly determined by CPPE recovery quality of reference clock and BBU timing granularity. In other words, AAU or BBU could set its own frequency positions or operating point by itself  without accumulated frequency error instead of deriving from other BS or donor node with and BS frequency error requirement is defined as the measure of the difference between actual BS transmit frequency and assigned frequency. 
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Figure 1. Timing module in AAU or RRU
For legacy UE, the reference frequency is coming from carrier frequency from eNB or gNB as shown in Figure 2 and reference error requirement is also defined as relative value compared with carrier frequency received from eNB or gNB instead of assigned operating frequency. 
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Figure 2. illustration of freq sync of legacy BS and UE.
For IAB donor node, as it should operate as the same as legacy gNB, therefore reference clock for timing module should also based on traditional method (e.g. satellite or IEEE1588 or BITS etc) and the frequency error requirement for IAB donor node should be a measure of difference between actual IAB DU transmit frequency and the assigned frequency as shown in Figure 3.

For other IAB node except for IAB donor node, there would have 2 different implementation method as shown in Figure 3. 

The 1st approach is child IAB MT would sync up with parent IAB DU via parent IAB DU pulse signal with high accuracy and child IAB DU could also utilize the freq/timing information internally which is illustrated as implementation 1 in Figure 3. The problem for this implementation method is the accumulated frequency error for IAB DU/MT as IAB support the multi-hop network topology which was also mentioned in [1]. In the worst case, the accumulated frequency error for child IAB DU/MT will be scaling up linearly with hopping numbers which might cause systematical problems at the end.  

The 2nd approach is child IAB DU would sync up with external reference clock from satellite or IEEE1588 or BITS which should still adopt legacy method. Regarding the child IAB MT, it could still sync up with parent IAB DU via parent IAB DU pulse signal with high accuracy or child IAB MT could utilize the freq/timing information internally without receiving parent IAB DU pulse signal. 
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Figure 3. illustration of freq sync of IAB MT and DU

In short, IAB DU should reuse the legacy BS freq/timing sync method via satellite, IEEE1588 or BITS etc to avoid the big accumulated frequency error. IAB MT could either use the same method as IAB DU as this is within the same equipment or reuse the legacy UE freq/timing via parent IAB DU pulse signal. The specific implementation method for IAB MT should leave up to vendors’ design.

From requirement itself, the frequency error for IAB DU should be defined as a measure of difference between actual IAB DU transmit frequency and the assigned frequency and the frequency error for IAB MT should be defined as a measure of difference between actual IAB MT transmit frequency and freq received from parent IAB DU which is also aligned with [1]. 

Conclusions
In this contribution, we shared more further considerations for frequency error requirement for IAB DU and MT from implementation perspective and proposals are made as following:  

Proposal 1: the frequency error requirement for IAB DU should be defined as a measure of difference between actual IAB DU transmit frequency and the assigned frequency.

Proposal 2: the frequency error requirement for IAB MT should be defined as a measure of difference between actual IAB MT transmit frequency and freq received from parent IAB DU. 
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