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1 Introduction
WF[1] for UL calibration gap was approved capturing agreements for transceiver calibration:
· For PA and transceiver calibration use cases, the metrics for performance gain can be UE TX power increase and DL throughput increase. 
· FFS: additional metrics for consideration can be IBE reduction.
This paper provides some analysis on UL gap for transceiver calibration. 
2 Discussion
2.1 How to prove performance gain brought by transceiver calibration

In Rel-16, we introduce one mechanism called “power boost with IBE suspension” for FR2. From the analysis provided by company[2], IBE suspension could exchange with higher transmission power.
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Fig1. 1dB margin compared between EVM and IBE limiting factor [2]
Similarly, if IBE can be eliminated by UL calibration gap, UE could definitely transmit with higher power at least for lower modulation order. The exchange between IBE and output power has been confirmed and agreed in RAN4, we don’t need pay for more time on it.
Furthermore, transceiver calibration could eliminate the LO leakage and IQ image before transmitting, it has following advantages:
· LO leakage and IQ image elimination can optimize Tx EVM as simulated in [3], UL throughput can be increased in the real network. However, the advantage is limited for UL 64QAM since the required SNR is not so high.
· Generally, gNB scheduling need to consider frequency position of LO leakage and IQ image elimination, high order modulation transmission may need to avoid scheduling on such frequency position. It definitely can improve the network performance.
· The other important issue is DC location reporting for FR2. In [4], company provides signalling overhead as 65 000 different theoretical locations, which can be easily solved by transceiver calibration with UL gap.
Advantages brought by transceiver calibration is not only output power boost, but also signalling overhead reduction and the help to network scheduling algorithm. We could not verify these gains only by one RF test. 
Observation 1: Other than output power boost, transceiver calibration with UL gap can be verified by LO leakage and IQ image requirements improvement. 

Observation 2: Transceiver calibration can solve the big overhead on DC location reporting signalling, LO leakage and image eliminating can improve the network performance by more flexible scheduling.
Proposal 1: RAN4 confirms the performance gain brought by transceiver calibration gap, and take IBE RF requirement as the target requirement and test case.
2.2 Further analysis on transceiver calibration
In [3], transceiver calibration was discussed, in which 2 impairments calibration was provided:

· IQ imbalance

· LO leakage and DC offset

All the above impairments under calibration have one common characteristic: these impairments are related to amplifiers configuration (e.g. gain level) for transmission at that time point. The imbalance on I/Q channel leads to most part of LO leakage(from DC offset) and image. Such imbalance is embodied by several amplifier stage, the calibration is actually adjusting on the parameter on each amplifier stage. The calibration loop[3] can be described in Fig 2, the calibration is operated on both baseband filter and modulator. This loop is used for direct conversion architecture, while FR2 use the superheterodyne architecture is similar from transceiver calibration perspective.
[image: image2.png][Compensation





Fig 2. LO calibration loop [3]

Considering that UE actually do the calibration for an instant transmission, UE is better to be informed of the scheduled operating frequency, instant bandwidth, and transmission power before calibration. The gap period can be largely reduced if transmission information(usually by DCI) is transferred to the UE in advance. 

For gap type:
· Type 1: No UL scheduling during the gap is needed. NW can assign those resources to other UE for UL transmission.
· Type 2: UL scheduling, including dedicated time and frequency resources reserved for self-calibration and monitoring, during the gap is needed. NW cannot assign those resources to other UE for UL transmission.
Transceiver calibration use type 1 gap, while there still some other issues deserve discussion:

· Although there is no UL scheduling during the gap, but UE actually already get DCI information and has completed some preparation work during the gap.

· The requirements UE need to meet during the gap: in our understanding, that should be off power in channel, then of course OOB out of the channel. However, if we need to calibration on the LO leakage, PLL need to be switched on then some exception may be radiated outside, we welcome input from RAN4.

We provide one example(take PUSCH transmission as example) for the transceiver calibration gap for further discussion in Fig 3:
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Fig 3. Example for transceiver calibration gap
Observation 3: UE is better to be informed of the scheduled operating frequency, instant bandwidth, and transmission power before calibration. The gap period can be largely reduced if transmission information(usually by DCI) is transferred to the UE in advance. 

Observation 4: Transceiver calibration use type 1 gap (No UL scheduling during the gap is needed), while generally off power requirement in channel should be met during the gap period:

· Whether there could be exception need further evaluation in RAN4

Proposal 2: Transceiver calibration use type 1 gap, scheduling information is already known by UE during the gap.
Proposal 3: generally off power requirement should be met during the gap period for transceiver calibration, whether there is exception case FFS.
3 Conclusion

In this contribution we discussed on the open issues on gaps for self-calibration and monitoring, according to the analysis, we have the following proposals: 
Observation 1: Other than output power boost, transceiver calibration with UL gap can be verified by LO leakage and IQ image requirements improvement. 
Observation 2: Transceiver calibration can solve the big overhead on DC location reporting signalling, LO leakage and image eliminating can improve the network performance by more flexible scheduling.

Proposal 1: RAN4 confirms the performance gain brought by transceiver calibration gap, and take IBE RF requirement as the target requirement and test case.
Observation 3: UE is better to be informed of the scheduled operating frequency, instant bandwidth, and transmission power before calibration. The gap period can be largely reduced if transmission information(usually by DCI) is transferred to the UE in advance. 

Observation 4: Transceiver calibration use type 1 gap (No UL scheduling during the gap is needed), while generally off power requirement in channel should be met during the gap period:

· Whether there could be exception need further evaluation in RAN4

Proposal 2: Transceiver calibration use type 1 gap, scheduling information is already known by UE during the gap.

Proposal 3: generally off power requirement should be met during the gap period for transceiver calibration, whether there is exception case FFS.
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