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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.
 
Discussion in 97e on UL gap is captured in the way forward [2]. Identified use case and evaluation metric should be further discussed. Two type of UL gaps are identified. Further performance evaluation and network and system impacts will be evaluated.   

In this paper, we focus on the performance evaluation and network impact analysis of online transceiver calibration. 
2	Transceiver calibration   
2.1 Transceiver calibration use case    

Transceiver calibration presented in [3] discussed three impairment examples where online transceiver calibration can potentially help to improve the RF performance due to temperature variation: IQ imbalance, LO leakage and DC offset, power calibration of internal reference points.  

· 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

· 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.  

It is observed that the usage cases discussed here focus on online calibration due to temperature variation, although other transceiver calibration usage cases are not excluded. 

Observation 1: IQ imbalance, LO leakage/DC offset are usage cases for online calibration due to temperature variation.  

2.2 Performance evaluation    
 
End to end simulation including baseband, IF and RF are performed to quantify the overall system gain. Simulation platform uses Keysight simulator, as shown in Fig. 1. We first evaluate the performance impact due to temperature variation. When online calibration is performed, performance of IQ imbalance, LO leakage/DC offset can be calibrated at least back to normal case, potentially better.  
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Fig. 1. Simulator setup for transceiver performance evaluation. 

2.2.1 UL performance evaluation    

For UL, primary EVM contribution from IQ imbalance, LO leakage, phase noise and power amplifier are modelled and simulated. When IQ imbalance and LO leakage cause higher EVM loss due to temperature variation, overall EVM will suffer. To meet the EVM requirement, PA need to work in more linear range, so output power is dropped. When online calibration is used, IQ imbalance and LO leakage is calibrated back to normal condition, allowing PA to work in more non-linear range with higher output power, while still meet the EVM target. The higher Tx power can directly translate into either extended range or higher throughput as shown in [4].   

To facilitate the evaluation, it is assumed that the baseband transmitter signal is generated using CP-OFDM waveform with 64QAM modulation. The channel bandwidth is 100MHz using subcarrier spacing of 120KHz, operating on 28GHz band. Full RB allocation is simulated where PUSCH RB equals 66. The generated baseband signal goes through IF model. The IQ mismatch from gain and phase error from up-convertor block, and LO leakage effects are modeled. RF module includes RF up-converter and power amplifier where the power amplifier non-linearity is modeled. 

Following 38.101-2 requirement, the target Tx EVM budget is 8% for 64QAM and peak EIRP is 22.4dBm for power class 3. Taking 7.5dB MPR for CP-OFDM, the targeted power at RFIC Tx final output is 6.5dBm per antenna element. 

Fig. 2 shows the Tx power output with different IQ imbalance and LO leakage loss. Typical IQ imbalance loss of 3dB and 6dB is used for evaluation. The value is abstracted from the phase and amplitude variation measurement with temperature ranging from 0 to 70oC [5]. Typical LO leakage loss of 3dB and 6dB is also modeled. The green curve shows EVM versus Tx output power with 6dB IQ imbalance and LO leakage degradation. Maximum PA output power is limited to 3dBm in order to meet the 22dB EVM requirement. The orange curve shows EVM performance with 3dB IQ imbalance and LO leakage due to temperature variation. Maximum PA output power is 6dB with 22dB EVM requirement. The red curve shows the after-calibration performance where IQ imbalance and LO leakage is calibrated back to normal condition, so 6.5dB PA output target is met. 
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Fig. 2. Transmitter output power versus EVM with different IQMM and LO impairment   

Observation 2: 
· With online calibration, about 0.5dB higher Tx power is achieved when 3dB IQ imbalance and LO leakage EVM loss is compensated. About 3.5dB higher Tx power is achieved when 6dB IQ imbalance and LO leakage EVM loss is compensated. The gain depends on different UE implementations in terms of uplink performance to different EVM targets, RF exposure constraints and other implementation considerations.

Proposal 1: 
· For Tx, with certain EVM target, additional Tx power allowed with calibration can be used as metric for UL performance improvement as part of this feasibility study based on observation 2.

2.2.2 DL performance evaluation    

For DL performance, we evaluate the throughput performance gain. For DL, primary EVM contribution from IQ imbalance, DC offset and phase noise are modelled and simulated. Similar to UL simulation, we generate DL signal with 100MHz channel bandwidth using subcarrier spacing of 120KHz. SSB transmission takes 20RB, so PDSCH RB allocation is 46 with MCS 28. 

Similar architecture and EVM budget used for receiver side. We evaluated the Rx EVM and throughput at certain receiver input power as shown in Fig.3. No transmitter side impairment is added in the simulation. The DL throughput results is listed in Table I. With -6dB IQ imbalance and DC offset, the peak throughput is achieved roughly at receiver input level of -64dBm. With -3dB IQ imbalance and DC offset, peak throughput is achieved at -65dBm receiver input. With calibration where the additional IQ imbalance and DC offset is calibrated back to normal condition, -66dBm receiver input is needed to achieve the peak throughput. So 1dB gain is observed comparing to 3dB IQ imbalance and DC offset, and 2dB gain is observed comparing to 6dB IQ imbalance and DC offset. 
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Fig. 3. Receiver input power versus EVM with different IQMM and LO

Table I. Throughput evaluation with different IQ imbalance and DC offset 

	Pin(dBm)
	Before Cal 
6dB worse of 
IQMM and DC offset (Mbps)
	Before Cal 
3dB worse of 
IQMM and DC offset (Mbps)
	After calibration (Mbps)

	-68
	0
	0
	0

	-67
	0
	8.7
	152.8

	-66
	0.4
	171.5
	269.3

	-65
	78.4
	269.7
	269.7

	-64
	252.6
	269.7
	269.7



Observation 3: 
· To achieve peak throughput with MCS 28, with online calibration, about 1dB gain is observed comparing to 3dB IQ imbalance and DC offset. About 2dB gain is observed with 3dB IQ imbalance and DC offset.  

Proposal 2:  
· For Rx, the throughput gain of high order modulation can be used as metric for DL performance improvement.  

 
2.4 UL gap type  

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. 
 
Proposal 3: 
· UL gap for transceiver calibration is type 1 UL gap. No UL scheduling is needed during the gap.  


2.5 Network and system impact analysis  

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. Since this is type 1 UL gap, the time configured as UL gap can be used to schedule other UE in the network. There is no network capacity impact.

For UE specific peak throughput, when online calibration is performed to calibration the RF impairment due to temperature variation, both DL and UL throughput gain is observed as shown in section 2.3. With low gap duty cycle, large performance improvement can be observed for high order modulation.  
 
Observation 4: 
· Overall higher network capacity with minimum system impact is expected to enable UL gap for transceiver calibration.  


Proposal 4: 
· Introduce UE specific and NW configured gap for general self-calibration and monitoring purpose.  
  
4	Summary
This paper has provided our views on enabling UL gap for transceiver calibration within the NR FR2 frequency band. Our observations and proposals are as follows:

Observation 1: IQ imbalance, LO leakage/DC offset are usage cases for online calibration due to temperature variation.  

Observation 2: 
· With online calibration, about 0.5dB higher Tx power is achieved when 3dB IQ imbalance and LO leakage EVM loss is compensated. About 3.5dB higher Tx power is achieved when 6dB IQ imbalance and LO leakage EVM loss is compensated. The gain depends on different UE implementations in terms of uplink performance to different EVM targets, RF exposure constraints and other implementation considerations.

Observation 3: 
· To achieve peak throughput with MCS 28, with online calibration, about 1dB gain is observed comparing to 3dB IQ imbalance and DC offset. About 2dB gain is observed with 3dB IQ imbalance and DC offset.  

Observation 4: 
· Overall higher network capacity with minimum system impact is expected to enable UL gap for transceiver calibration.  

Proposal 1: 
· For Tx, with certain EVM target, additional Tx power allowed with calibration can be used as metric for UL performance improvement as part of this feasibility study based on observation 2.

Proposal 2:  
· For Rx, the throughput gain of high order modulation can be used as metric for DL performance improvement.  

Proposal 3: 
· UL gap for transceiver calibration is type 1 UL gap. No UL scheduling is needed during the gap.  

Proposal 4: 
· Introduce UE specific and NW configured gap for general self-calibration and monitoring purpose.  
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