3GPP TSG-RAN WG4 Meeting #96-e                                                       R4-2011031
Electronic Meeting, 17th Aug 2020 - 28th Aug 2020














Source:

Ericsson

Title:


IAB-MT Transmit signal quality 
Agenda item:

7.4.2.1.2
Document for:

Approval
1 Introduction
 IN RAN4#95e, the IAB MT transmit signal quality requirement is discussed with the following WF[1]:
· Frequency error:
· No LS on frequency error needed in this meeting
· No need to capture additional details to RAN4 specification
· Wide area IAB-MT

· Option 1: 

· No carrier leakage, in-band emission and EVM equalizer spectrum flatness requirements are defined for both FR1 and FR2.’

· Option 2:

· Keep the previous agreements for FR2 and do more study for FR1.

· EVM test procedure  and FFS. 

· Local area IAB-MT

· FFS if carrier leakage, in-band emission and EVM equalizer spectrum flatness requirements will be defined and how to define them.

· Reusing current previous agreement is also an option.

· EVM test procedure FFS.

In this paper, we present our view on this aspect. 
2 Discussion
2.1 Frequency error

As frequency error is regulatory requirement in some region, violating the frequency error requirement not only has negative impact on system performance but has a risk a violate legal requirement. In this paper, we discuss the network impact using the IAB-MT as the synchronization source on the child IAB.

We consider one scenario to evaluate the network impact:

1. Parent IAB-DU is the same class with child IAB-DU, for example, the parent and child IAB-DU are wide area class with frequency error requirement of 0.05ppm.
IAB-MT as synch source:

1. Parent IAB clock is locked to its synchronization source and child IAB using IAB-MT as synch source: 
· This is the normal situation and because the parent IAB clock is locked so the frequency error performance from either parent or child IAB node should be within its specified 3GPP frequency error.
2. Parent IAB is in holdover and child IAB using IAB-MT as synch source: 

· Due to the residue tracking frequency error that results from the PSS/SSS frequency estimation at IAB-MT, the child IAB-DU frequency error is the addition of parent IAB-DU frequency error and tracking frequency error of IAB-MT. When considering the tracking frequency error, parent IAB node should signal to child IAB before child IAB-DU frequency error exceeds its specified frequency limit. 
In [2][3][4], the residue frequency error is discussed, and performance evaluation is compared for initial acquisition and non-initial acquisition scenario with different link level simulation. Some paper shows the 0.04 SCS residue frequency estimation error for non-initial acquisition. When considering the FR2 of 30GHz band and 120 kHz SCS, even 1% SCS residue frequency estimation error will contribute to 1.2kHz/30GHz = 0.04 ppm. However, it is not RAN4 to study the residue frequency error/time error performance which results from the PSS/SSS demodulation, we believe that it is better to send LS to ask RAN1/RAN2 considering this when design the signalling.
The tracking error for frequency/time will be accumulated for multiple IAB hop and limit the # of hop when IAB-MT is used for synchronization source.

Observation#1: The tracking frequency /time error of IAB-MT will be accumulated at multiple hop IAB network when IAB-MT is used for synchronization source and as such the # of total hop will be limited.
 The accumulated frequency/time error has impact on the holdover performance of each IAB node in a chain when local synchronization is lost, for example, The child IAB node should stop carrying the traffic earlier than its parent because of the additional frequency/time tracking error, otherwise the IAB node cell phase timing or frequency accuracy would violate the 3GPP requirement or in some region, the regulation requirement. 
Observation#2: The IAB node holdover performance will be different at each IAB node for a multiple hop IAB network when IAB-MT is used for synchronization source.
Observation#3: if the tracking frequency/time error not considered and reported between IAB node, the cell phase timing or frequency accuracy requirement could be violated when IAB-MT is used for synchronization source.
In [5], the NAS IE is referenced and the paper questions if it could be reused for IAB-MT. NAS is protocol layer between MME and UE, it is transparent to eNB, so it is a question if such signalling can be directly used between IAB-DU and also the IE itself not consider the frequency/time accumulated error.
Observation#4: It is a question whether the NAS IE can be directly reused for IAB node and whether the IE covers the IAB scenario.

Frequency error requirement and its network impact has been discussed several meetings. It seems now that companies do not see the RF impact when IAB-MT is used for synchronization. For network impact on IAB-MT as synchronization source, different companies have different opinions, from IAB-MT not suitable as sync source to no problem foreseen. From this aspect, we think there are several options we could discuss further on this issue as illustrated in proposal-1.
Proposal-1: RAN4 discuss if there is network performance impact when using IAB-MT as synchronization source and how to proceed with below options:
1. It is other Working group task to continue discuss the IAB-MT synchronization issue, no need to discuss further in RAN4.

2. Discuss it in Rel-17 scope. 

2.2 IBE

The IBE requirement for non-allocated RB is a higher of the (P_RB- 25) and sum of the (general, IQ image, carrier leakage), carrier leakage, IQ image are discussed separately below.

Carrier leakage

IAB MT antenna array size would be bigger for wide area IAB-MT as it targets to be deployed for coverage extension.  To discuss the inband distortion from a radiation of antenna arrays, the correlation level of the LO leakage signal from different transceiver branch of one antenna element needs to be understood first.

 Unlike the wanted signal which will be beamformed with a gain of the 10log#antenna element in a predefined direction, the LO leakage signal may not be beamformed in the same way as the wanted signal. If LO leakage signals are fully uncorrelated, then LO signal level will be (10log#antenna element) dB less than wanted signal because of the beamforming gain. In the worst case, if LO leakage signal happens to be fully correlated and also beam formed in the same direction of the wanted signal, the LO leakage relative level to wanted signal then will be the same measured at TAB or measured at RIB, so the starting point of LO leakage level at TAB is ok to reuse for RIB level. 
Observation-#5: The worst case of LO leakage is in the same direction of the wanted signal and fully correlated.

If carrier leakage coincides with one allocated RB, it would impact the EVM performance. From this aspect, the EVM test could be re-used to evaluate the carrier leakage impact on throughput.

Observation-#6: The EVM test could be reused to evaluate the impact of carrier leakage on wide area IAB-MT.

Proposal-2: with not specifying the carrier leakage as one option, RAN4 should discuss if the carrier leakage could be tested indirectly in EVM test.

IQ image

The IQ image level could benefit from the additional suppression due to beamforming on top of the RF mixer IQ image rejection. As IQ image frequency position would be known when RB is scheduled by IAB parent, it can be calibrated in a way that not beamformed as the wanted signal with an isotopically radiation shape.  IQ image level could be (10log#antenna element) dB less than wanted signal because of isotopically radiation pattern. For other non-allocated PRB distortion noise, we believe it would not be fully correlated and thus there are some suppression due to the beamforming, the gain will be larger for wide area IAB-MT with bigger antenna array size. 
When the different carrier within the same band is allocated to IAB-MT and IAB-DU separately, and IQ image of one carrier could overlap with other carrier which means it is design issue to guarantee the enough suppression of the IQ image to pass the EVM test.
Observation-#7: The IQ modulation image may not already within the same carrier for IAB and this will rely on EVM test to test the overall RF imperfection distortion including the IQ image.

Proposal-3: RAN4 should discuss if the IQ image could be tested indirectly in EVM test.
Summary:
The IQ image and carrier leakage could rely on the EVM test and no need to specify separately, The IBE requirement without carrier leakage and IQ image will be tightened and thus it should be discussed if the additional relaxation would be needed if the UE IBE performance is a baseline.
Proposal-4: Additional relaxation may be needed for IAB general mask if IQ image and carrier leakage not specified.
2.3 Summary

Based on above discussion, we think option 1 in WF [1] is ok for wide area IAB-MT considering the bigger antenna array size and correlation factor for the carrier leakage, IQ image and other type of the noise. Carrier leakage and IQ image can be indirectly tested by EVM test and thus no need to specify them separately.
Proposal-5: for wide area IAB-MT, option 1 in WF would be preferred to save the test effort.
3 Conclusions

In this contribution, the IAB transmit signal quality requirement is analyzed with below proposal:

Observation#1: The tracking frequency /time error of IAB-MT will be accumulated at multiple hop IAB network when IAB-MT is used for synchronization source and as such the # of total hop will be limited.

Observation#2: The IAB node holdover performance will be different at each IAB node for a multiple hop IAB network when IAB-MT is used for synchronization source.
Observation#3: if the tracking frequency/time error not considered and reported between IAB node, the cell phase timing or frequency accuracy requirement could be violated when IAB-MT is used for synchronization source.
Observation#4: It is a question whether the NAS IE can be directly reused for IAB node and whether the IE covers the IAB scenario.

Proposal-1: RAN4 discuss if there is network performance impact when using IAB-MT as synchronization source and how to proceed with below options:

1. It is other Working group task to continue discuss the IAB-MT synchronization issue, no need to discuss further in RAN4.

2. Discuss it in Rel-17 scope. 

Observation-#5: The worst case of LO leakage is in the same direction of the wanted signal and fully correlated.

Observation-#6: The EVM test could be reused to evaluate the impact of carrier leakage on wide area IAB-MT.

Proposal-2: with not specifying the carrier leakage as one option, RAN4 should discuss if the carrier leakage could be tested indirectly in EVM test.

Proposal-3: RAN4 should discuss if the IQ image could be tested indirectly in EVM test.

Proposal-4: Additional relaxation may be needed for IAB general mask if IQ image and carrier leakage not specified.
Proposal-5: for wide area IAB-MT, option 1 in WF would be preferred to save the test effort.
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