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1	Introduction
In RAN 89e, new WID on NR RF enhancements for FR2 is approved [1]. The purpose of this WI is to specify related FR2 UE features and associated requirements, including

· UL gaps for self-calibration and monitoring. [RAN4 RF/RRM, RAN2] Study and, if feasible, introduce UE specific and NW configured gap for general self-calibration and monitoring purposes including
· PA efficiency and power consumption
· Transceiver calibration due to temperature variation 
· UE Tx power management
· Others self-calibration and monitoring are not precluded
· Phase 1: Study and clearly identify the performance gain over the current baseline (Rel.16 requirements) Study of RF performance evaluation/testability related to UE self-calibration and monitoring. Study network impact of UE emissions during UL gap, if any.
· Phase 2: Specify the UL gap configuration(s), related UE capability and interruptions, if needed, based on the identified performance gain in Phase 1 and UE fall back behaviour i.e. if gaps are not available for UE requesting gaps.
 
In this paper, the benefits of UL gap for self-calibration and monitoring are further discussed. 
2	Discussion
Transceiver calibration in FR2 RF play an important role in improving system performance. FR2 RF has some unique challenges due to 
· Higher temperature variation with high throughput transmission/reception
· Higher bandwidths
· General worse RF component performance due to the high frequency. In particular, the phase noise in FR2 is significant. To meet the same EVM requirement as for FR1, this means the RF impairments such as IQ imbalance, DC offset need to be carefully dealt with.  

In this session, three impairment examples, where transceiver calibration can potentially help to improve the RF performance, are discussed: IQ imbalance, LO leakage and DC offset, power calibration of internal reference points.  
It is noted that all aforementioned calibration will be done by sharing the same hardware of FR2 transceiver. The operation of such calibration will result in suspending UL transmission or DL reception periodically and momentarily.  

2.1	IQ imbalance
In-phase and quadrature (I/Q) imbalance is caused by gain and phase mismatches between the I and Q paths of the analog front end. IQ mismatch is normally evaluated by the image rejection ratio (IRR). Reduced IRR leads to a degradation of the overall performance of the TRx. The IQ imbalance can be calibrated in analog domain by integrating tuning knobs that modify the gain in the I/Q signal paths and the phase difference in the quadrature local oscillator (LO) distribution network.  

IRR can be expressed as   
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Where  is the gain error in decibel, and  is the phase error in radians between I and Q paths.   [2] pointed out a IRR target of 40dB is a reasonable value in order to support 64QAM. This corresponds to either 0.1dB amplitude mismatch and less than  phase error, or phase error if only phase error is considered.  
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[3] studies the influence of temperature variations over the I/Q imbalance. Measurement result are shown as an example of phase and amplitude variation with temperature change [3]. 
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With IQ imbalance calibration according to temperature change, 20dB and 15dB IRR gain is achieved in [2] and [3] correspondingly. 

Normally, there are two approaches to deal with I/Q imbalance:
· Improve TRX’s I/Q path performance
· Compensation done at the digital domain

However, the first approach may be challenging in case of high frequencies and place hard requirements on the analog design. The second approach requires a good estimation of the I/Q path mismatch in terms of amplitude and phase. Also this approach proves challenging in the presence of drifts due to temperature variation. If such an estimation can be done in a known or controlled environment such as one afforded by UL gap, conceivably the results will be more accurate. 



2.2	LO leakage and DC offset  
DC offset at the mixer output, partially due to LO leakage, degrades system sensitivity by inducing inference near DC, while LO leakage on the antenna side may cause additional interference. To reduce these problems, LO leakage and DC offset cancelling techniques were studied for both transmitter and receiver configurations.  

From transmitter point of view, with IF architecture, LO leakage at the IF mixer needs to be maintained under control to stay within the regulatory limit for LO leakage and it can also impact performance. LO leakage at the RF mixer also needs to be maintained under control to stay within the regulatory limits for spectrum emission mask and spurious emissions.
   
At receiver side, preferably, the DC-offset should be removed before the analog-to-digital conversion (ADC) in order to gain dynamic range for the wanted signal. One widespread method is to determine an average value for the DC-offset in the analog domain. Then, this DC value is subtracted from the input to form a closed-loop system. DC offset compensation improve EVM performance, potentially enable higher QAM such as 256QAM in FR2. Again, an UL gap will facilitate the estimation of the DC-offset, where UL transmission needs to be suspended momentarily. 


2.3	Power calibration of internal reference points   
In an IF over cable architecture, it is important to keep the power levels at the IF interfaces well under control in order to allow a proper distribution of the gains between components, thus keeping components operating within their optimal range and emissions within regulatory limits. Large deviation of the IF power could result into components operating out of their optimal range and/or unwanted emissions. Hence, the calibration of IF Power is essential. Additionally, typically analog components behavior varies over environmental conditions for example temperature. Hence, it is desired to calibrate IF Power when there is temperature change. One possibility is to introduce some gaps to perform this calibration. By having some gaps for calibration, the IF power can be calibrated with respect to change in environmental conditions. This results improvement in margin for emission and performance. The same optimizations can be applied also to other internal nodes.

Observation 1: 
· Online transceiver calibration can mitigate the various impairments including I/Q imbalance, LO leakage, DC offset and power calibration of internal reference points due to temperature variation in FR2 RF.   


3	Network impact with UL gap  
UE need to perform transceiver calibration periodically to cope with environment and radio activity changes. The UL gap is UE specific, with roughly 0.1% - 1% of overall system overhead expected. Transceiver calibration in general rely on internal loop to perform calibration without emission, so UL resources can be used to schedule other UE which limit the overall system impact. 

Observation 2: 
· NW configured and UE specific self-calibration and monitoring gap without emission does not require dedicated UL scheduling. The corresponding overhead is generally between 0.1-1%. In general, minimum network performance impact is expected.  

Proposal: 
· Introduce UE specific and NW configured UL gap for general self-calibration and monitoring purpose. 

4	Summary
Observation 1: 
· Online transceiver calibration can mitigate the various impairments due to temperature variation in FR2 RF.   

Observation 2: 
· NW configured and UE specific self-calibration and monitoring gap without emission has minimum network performance impact.  

Proposal: 
· Introduce UE specific and NW configured gap for general self-calibration and monitoring purpose.  
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