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1 Introduction
 IN RAN4#94e, the IAB MT and DU frequency error requirement is discussed with the following WF:
· Agree with the below requirement and assumption next meeting.
· Requirement: Frequency error for IAB-MT is +/- 0.1 ppm relative the to received signal received from parent node independent of IAB-MT class 
· Based on assumptions of 
· Parent IAB (BaseBand) only tolerate +/- 0.1ppm freq error from IAB MT.
· Parent IAB (IAB DU) frequency error is +/-0.1ppm acc. to medium range/Local area BS Freq error
In this paper, we present our view on MT frequency error requirement. 
2 Discussion
Paper[2][3] analyses the impact of absolute frequency error on the BS demodulation performance and propose that the IAB-MT frequency error relative to its parent IAB should not exceed the 0.1ppm otherwise there could be impact on the BS throughput. 
In this paper, we first investigate on the BS demod performance due to the statistical frequency error of IAB-MT and then provide analysis on the other system impact of the IAB-MT frequency error.

2.1 IAB-MT frequency error impact on parent IAB-DU throughput

We have done simulation for 39GHz to investigate the IAB-MT statistical frequency error impact on the parent IAB-DU throughput. Current finding is that the IAB-DU throughput will be impacted by the magnitude of the IAB-MT frequency error and reference signal configuration. For example, for different DMRS configurations without PTRS (1 DMRS, 1 DMRS + PTRS , 1+1 DMRS and 1 +1+1 DMRS per slot), it is found out that 1+1+1 DMRS configuration can tolerate more IAB-MT frequency error than 1 DMRS and 1 +1 DMRS configuration.  It is also observed that as long as the relative frequency error not exceeds some threshold (i.e 0.1ppm or higher) between parent IAB-DU and received IAB-MT the demodulation performance will be not be impacted depending on which reference signal configuration on IAB-MT.
Observation#1: Parent IAB demodulation performance tolerance depends not only on frequency error from IAB-MT but also on DMRS density and/or configuration of the PTRS. 

Observation#2: when frequency error of IAB-MT exceeds some threshold (depending what reference signal configuration), IAB-DU can reconfigure more densified DMRS or additional PTRS to keep throughput not degrade.

Figure 1: IAB DU Throughput verse the IAB-MT frequency offset (@39GHz).
2.2 IAB MT frequency error

Now considering the implementation/testing aspect on IAB frequency error.  
Implementation impact

IAB could be implemented with an architecture that the same transceiver is shared for both IAB-DU and IAB-MT, and in this paper is defined as shared clock solution.  The same LO will be used both for IAB-MT beam and IAB-DU beam. The question is that whether the same synchronization reference could be used for IAB-MT and IAB-DU, if this is allowed, from system level, there is a benefit that this does not need PLL retuning to meet different frequency accuracy requirement and as such there is no transient time change incurred by this. 

Observation#3: for the shared clock implementation of IAB-MT and IAB-DU, there is benefit on hardware cost and system level that there is no beam switching delay caused by PLL retuning.

For the separate clock solution which is for dedicated hardware architecture for IAB-MT and IAB-DU, IAB-MT and IAB-DU could be clocked by different sync reference, hence in this paper is defined as separate clock solution, i.e the IAB-MT has synch source of parent IAB-DU and child IAB-DU has a GNSS synch reference.

Observation#4: From the implementation perspective, the requirement of IAB-MT frequency error should be implementation agnostic.

The next question is that what would be minimum requirement on frequency error for IAB-MT if both the above implementation will be used and what the system impact would be? Next we separate the cases where IAB:es lock to their synchronization reference and the cases where the IAB: clock enters to free running when their synchronization reference is lost. GNSS and IAB-MT are used as the example of the synchronization reference according to RAN1 agreement below.
Agreements:

An IAB node with multiple parents treats each parent as a separate synchronization source. The IAB node can also treat RAT-independent sources such as GNSS (if used) as a separate synchronization source. 
GNSS as synch reference:

1. IAB nodes clock in lock status: IAB node synch reference is GNSS and parent IAB node is GNSS, even though there is different frequency error for different IAB-DU class, in such case, as all IAB node lock to its time source so the relative frequency error should be very low as the clock:es are traceable to the same clock. and in such a case, the relative frequency error requirement or absolute frequency requirement on IAB-MT should be met for both the shared clock solution and separate clock solution. 
2. Either child IAB or parent IAB’s clock is free running: 

a. For the shared clock solution: the low relative frequency error between child IAB-MT and parent IAB can not be maintained when IAB clock enters to the free running and as such it will depend on the oscillator frequency stability to provide the holdover performance. The holdover performance depends on the IAB-DU frequency or time error specification as IAB-MT frequency error requirement will be relaxed (relative one) or the same (absolute one). IAB nodes will be taken out of service when the IAB-DU frequency or time exceeding the 3GPP spec. If during the holdover time such relative frequency error between child IAB-MT and parent IAB could exceed some threshold (i.e 100ppb or other shown in Figure 1) which may impact the uplink throughput, there may be a need to reconfigure the reference signal on IAB-MT, this should be deemed as implementation specific as firstly the holdover duration depends on hardware (oscillator) and secondly the scheduler and frequency error algorithm is implementation specific. So for the absolute frequency requirement on IAB-MT, this may imply some action on the parent IAB node scheduler and for relative frequency error requirement on IAB-MT, it may imply the action to switch the synchronization source to IAB-MT, for such a case, it is covered by IAB-MT synch source analysis below.
b. For the separate clock solution: as the relative frequency error between IAB-MT and its parent IAB may be bounded within 100ppb using traditional baseband tracking algorithm for locking to SSB signal , there is no need to adapt the reference signal on IAB-MT uplink. But holdover performance is the same with shared clock solution if IAB node not switch its synchronization source to IAB-MT.
IAB-MT as synch source:

1. Parent IAB locked to its synchronization source and child IAB using IAB-MT as synch source
a. For the shared clock solution, IAB-DU will follow the IAB-MT clock, this apply both frequency and time.  IAB-MT frequency needs to be estimated to see if it can fulfil its absolute requirement on IAB-DU.  When IAB-MT locks to the SSB signal from parent IAB node, depending on what is the remaining frequency error after the baseband correcting the frequency error, the total absolute frequency error on IAB-MT will be parent IAB frequency error + IAB-MT tracking frequency error after correction. We believe in this case, IAB-DU will meet its frequency error, and this is implementation centric (for the baseband part)
b. For the separate clock solution: the IAB-DU clock domain needs to sync with IAB-MT and thus it becomes one clock solution. So same conclusion of case 1-a above will apply.
2. Parent IAB free running and child IAB using IAB-MT as synch source

a. For the shared clock solution: parent IAB absolute frequency error will be drifting and parent IAB will be taken out of service when its air time or frequency exceeding the 3GPP spec.  child IAB-DU will share with child IAB-MT clock and as child IAB-MT lock to its parent IAB so child IAB-DU would not know there will be any frequency/time drift as it just blindly follow the IAB-MT clock. The child IAB node will lose the ability to judge when IAB-MT or IAB-DU frequency/time error will exceed the 3GPP spec. So there is a need in this case that parent IAB signals to the child IAB so the child IAB can be aware about situation and later be taken out its service as the time and frequency error will be accumulated on child IAB node. (i.e Child IAB may drift more than its parent IAB considering its own added freq/time error). Without such signalling, there will be risk of the additional system interference introduced to network as the child IAB time/frequency drift exceeding the 3GPP spec considering its accumulated time/freq error.
b. For the dedicated clock solution: the IAB-DU clock domain need to sync with IAB-MT and thus it is one clock solution. So same conclusion with case 2-a will apply.

Observation#5: IAB-MT shall not be qualified as a synch source for IAB-DU unless the additional signal is in place to notify the child IAB when parent IAB is in unlock status. This is the same irrespective which clock solution IAB node is implemented and irrespective what frequency error requirement will be set on IAB-MT.
Proposal-1: send LS to RAN1 /RAN2 that IAB-MT cannot be qualified as a synchronization source unless some signalling from parent IAB to child IAB is in palce.
Testing aspect
When relative frequency error requirement is specified for IAB-MT, from testing perspective, there is no need to consider the frequency reference at the DUT for traditionally UE implementation as DUT read the SSB signal and lock its clock on the received signal frequency. When considering the shared clock solution which is dependent on the IAB-DU frequency eror, such test method needs to be modified so DUT (IAB-DU part) need a local sync source to be synchronized first and provide clock to IAB-MT. At the same time, the clock of the signal generator/test equipment cannot be free running and need a good clock frequency also. The test setup needs to be discussed further so the relative frequency error can be tested in a way of implementation agnostic.
Proposal-2: Test setup for the IAB-MT relative frequency requirement need to be DUT implementation agnostic so there is a need to include the shared clock solution on IAB-MT and feed external synch source to DUT and good quality frequency clock to signal generator/ test equipment.
Summary: 
For either relative or absolute frequency requirement on IAB-MT, either shared clock solution or dedicated clock solution on IAB will work if the IAB:es are synchronized to their synchronization source respectively. However, there are implications on system impact depending on the requirement and solution.
1. For the case where GNSS synchronization reference is used:
a. For Absolute frequency error requirement on IAB-MT: this may imply some action on the parent IAB node scheduler to adapt the reference signal on IAB-MT, which is implementation specific.

b. for relative frequency error requirement on IAB-MT, it may imply the action to switch the synchronization source to IAB-MT

2. For the case where IAB-MT synchronization reference is used at child IAB :
a. For Absolute frequency error requirement on IAB-MT: There is a need of signalling from parent IAB to notify the child IAB about the absence of its synchronization source and thus child IAB node can take out its service considering the frequency error / time error accumulation when 3GPP spec is violated. 
b. For relative frequency error requirement on IAB-MT: the signalling is needed as the same impact as 2-a case. 

Considering the above and we think it will be network advantage IAB-MT could be used as a sync source so as to build up the multi-hop IAB network. So the signalling will be needed to keep the IAB-MT be qualified as synchronization source. Additionally, setting relative or absolute frequency error need some alignment on understanding on the condition/prerequisite of each requirement, hence we propose below:
Proposal-3: signalling will be needed to qualify the IAB-MT as synchronization source for IAB node irrespective relative or absolute frequency requirement will be set on IAB-MT.
Proposal-4: If relative frequency error requirement is specified on IAB-MT, the test case need to be constructed in a way implementation agnostic.  Early confirmation from TE vendor may be needed before conforming testing to set such requirement.
Proposal-5: If absolute frequency error requirement is specified on IAB-MT, there may be a need some IAB-DU scheduler impact if only GNSS is used for synchronization source; There will be no such impact if IAB node can switch to IAB-MT as synchronization source. 
3 Conclusions

In this contribution, the IAB frequency error requirement is analyzed with below proposal and observations:

Observation#1: Parent IAB demodulation performance tolerance depends not only on frequency error from IAB-MT but also on DMRS density and/or configuration of the PTRS. 

Observation#2: when frequency error of IAB-MT exceeds some threshold (depending what reference signal configuration), IAB-DU can reconfigure more densified DMRS or additional PTRS to keep throughput not degrade.

Observation#3: for the shared clock implementation of IAB-MT and IAB-DU, there is benefit on hardware cost and system level that there is no beam switching delay caused by PLL retuning.

Observation#4: From the implementation perspective, the requirement of IAB-MT frequency error should be implementation agnostic.

Proposal-1: send LS to RAN1 /RAN2 that IAB-MT cannot be qualified as a synchronization source unless some signalling from parent IAB to child IAB is in palce.

Proposal-2: Test setup for the IAB-MT relative frequency requirement need to be DUT implementation agnostic so there is a need to include the shared clock solution on IAB-MT and feed external synch source to DUT and good quality frequency clock to signal generator/ test equipment.

Proposal-3: signalling will be needed to qualify the IAB-MT as synchronization source for IAB node irrespective relative or absolute frequency requirement will be set on IAB-MT.

Proposal-4: If relative frequency error requirement is specified on IAB-MT, the test case need to be constructed in a way implementation agnostic.  Early confirmation from TE vendor may be needed before conforming testing to set such requirement.
Proposal-5: If absolute frequency error requirement is specified on IAB-MT, there may be a need some IAB-DU scheduler impact if only GNSS is used for synchronization source; There will be no such impact if IAB node can switch to IAB-MT as synchronization source. 
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