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1. Introduction
In the last meeting, there are discussions about the transceiver calibration which uses the type1 gap, and performance gain has been shown by simulation. However, the discussion about the gap of type2 is less, which is considered to be used for PA calibration. In the contribution, we will discuss some problems about this issue. 
2. Discussion
2.1 Discussion on PA calibration 
For FR2 UE, to ensure adequate coverage, multiple antenna modules are required, which means the number of PAs will be significantly greater than FR1 UEs. Therefore, the linearity of a large number of PAs will have a direct impact on system performance. One proven technique to control the non-linearity of PA is digital pre-distortion (DPD). Traditional DPD requires dedicated feedback to measure the non-linear output of the device, which can be implemented as inner loop or OTA. In our understanding, the inner loop DPD can perform real-time calibration without gap, and only the OTA calibration needs the UL gap because the calibration signal must be emitted. In [1], several test results of different DPD architectures are summarized as follows:
[image: ]
Figure 1 Test results of different DPD architectures [1]
In recent years, some studies on near-field DPD calibration have emerged. In [2], the paper shows that near-field calibration can also improve the performance remarkably while the reference antenna can be integrated into the antenna array.

Observation 1: PA calibration can improve the performance of mmWave system significantly by reducing the non-linearity of component. 

Due to the linearity of the PA array enhanced by DPD, the ACPR (similar to ACLR) and EVM are also improved. In [3], the improvement can be explained that the distortion of antennas is correlated, which causes the distortion resulting from non-linearities is beamformed into the same direction of the desired signal. Considering the MPR is affected by these requirements, it also can be a metric for the PA calibration.

Proposal 1: The performance metric for PA calibration can be MPR, EVM and ACLR.

However, even for the OTA DPD may hard to be mandatory in all UEs, because the OTA DPD also requires an extra reference antenna and dedicated feedback chain, leading to the UE become bigger and more expensive. In R15, an alternative method that allows low-complexity UEs to achieve PA calibration was proposed, that is, UE transmits on one Tx antenna port instead of two, using one Rx chain for feedback. This method is somewhat similar to the OTA DPD with a near-field reference antenna, the difference is that no extra dedicated feedback is required, which can reduce the complexity of implementation. However, based on the current architecture, different Tx chain will connect the antenna element with different polarization, which means that the calibration signal radiated from one Tx chain may be received by another Rx chain with significant loss because the polarization of antennas is different, and if the power of Tx chain is not large enough, the actual performance gains may be influenced.

Observation 2: The performance gain of PA calibration without feedback may influenced by the power of Tx chain. 
2.2 Discussion on Type 2 gap
In RAN4#97e [4], two types of gap were identified, as shown below:

· UL gap can be further classified into two types based on UE behavior during the gap
· 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.

The type1 gap can be used for transceiver calibration and some simulation results have been shown in the last meeting, but for type2 gap, it is considered to be used for PA calibration, and there is two possible behavior during the gap:

Behavior 1: UE emits a dedicated calibration signal but gNB ignores it, and in order to avoid interference, gNB still needs to schedule few resources for the UE.
Behavior 2: UE maintains the transmission with gNB by one of the Tx chain and another one can perform calibration.

It seems that Behavior 2 is a good choice because it can ensure that the communication will not be interrupted, but in fact, this behavior has many potential problems. For example, UE need drop one of Tx chain during the gap, which means only one Tx chain can be calibrated at the same time. It may be not easy to judge which Tx chain needs to be calibrated more urgently. Based on observation2, the Tx power should be at a higher level during the gap to ensure that signals with sufficient power can be received for calibration, which will undoubtedly impose more additional restrictions on gap scheduling.

Observation 3: Behavior 2 of Type 2 gap have more restriction, which will affect the actual gain from calibration.

Proposal 3: The 1-layer transmission behavior during the gap should not be considered.

As for behavior 1, in our understanding, it can be used for calibrating each Tx chain alternately during the gap. This will be beneficial for the system performance, avoiding the imbalance between Tx chain that cause by only one of them be calibrated, and maximize the gain that UL gap can bring. So the length of the gap should take the time that calibrates each Tx chain into consideration.

Proposal 4: The length of the UL gap should be long enough to ensure that each Tx can alternately complete the calibration.
3. Conclusion
In this contribution, we mainly discuss the issue about PA calibration and type 2 gap. Here are our proposals:
Observation 1: PA calibration can improve the performance of mmWave system significantly by reducing the non-linearity of component. 

Proposal 1: The performance metric for PA calibration can be MPR, EVM and ACLR.

Observation 2: The performance gain of PA calibration without feedback may influenced by the power of Tx chain. 

Observation 3: Behavior 2 of Type 2 gap have more restriction, which will affect the actual gain from calibration.

Proposal 3: The 1-layer transmission behavior during the gap should not be considered.

Proposal 4: The length of the UL gap should be long enough to ensure that each Tx can alternately complete the calibration.
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