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Introduction
PA Calibration gap parameters were discussed in Ran4#86Bis and WF was agreed. WF did not provide much progress but agreement that only one MPR table will be specified and that RRC configuration is one possibility for configuration of these gaps. This is not sufficient agreement, but UE implementation must know if standard supports and mandates network to configure calibration gaps for UE or not.  
Discussion
Agreed UE feature list [7] has only one capability regardless of there are two types of gaps agreed. This is unfortunate situation since now network must implement both types of gaps for all UEs declaring calibration gap capability. In the following we discuss how this can be implemented. Further, we discuss the mentioned fall-back situation when gaps are not available.

Configuring gaps

For a total gap, an RRC configuration is sufficient. A new subtype to measurement gap RRC framework is needed and then network uses that to inform UE which slot, or slots if network configures periodical gaps with one RRC command, UE can use for its own calibration purposes. Only large distinction is that as intra- or inter-frequency measurements need long interrupt time, calibration gap only needs one slot. This intent should be informed to RAN2 so that they can add calibration gap as new type designator to measurement gap configurations. 
For rank restricted gap (RrG), UE will need to indicate a grant for UE to transmit. Network needs to coordinate the grant with normal scheduling. Ideally, network informs UE through RRC which slot the rank restricted gap is and then schedules rank1 transmissions to that slot. An alternative is that network schedules any type of UL for UE but when the slot is indicated as calibration gap slot, UE can drop the other Tx and network knows this may happen and does not schedule critical data. UL does not need to be full slot since it restricts too much the slot format, but a shorter UL duration is sufficient.

Observation 1: For both types of gaps, UE needs to be configured the gap by RRC

Observation 2: In addition to RRC, for rank restricted gap, network needs to schedule UL
Observation 3: For rank restricted gap, network can schedule rank2 transmission
Since the periodicities for technologies are different but only one capability is there, both gaps should be scheduled. Some UEs may use both types of gaps to accomplish different calibrations. To manage the periodicities, for every two total gaps, there should be one rank restricted gap. In this way, both technologies can co-exist. Figure 1 describes the scheduling pattern. The resulting periodicities for RrG is 600 msec and total gap 267 msec which is sufficient fore both uses. 
Observation4: Both types of gaps with difference periodicities can co-exists 
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Figure 1 Scheduling pattern supporting both types of gaps
On applications for calibration gap

PA calibration gap discussion started with online DPD discussion but it should be acknowledged that there are many types of UE implementations and primary purpose of online calibration is to improve UE energy efficiency, same as online DPD since from transmit quality point of view, any DPD can be replaced by more linear and power hungry solid state transmitter.

Online calibrations are very important for the FR2 UE due to high operating frequency and limitations in commercial technologies. Almost every known UE will perform calibrations in online mode. There multiple parameters than can be improved by online calibration: IQ Image, LO leakage, EVM, ACLR and since the use of superheterodyne, new parameters compared to LTE direct conversion associated to RF LO as opposed to IF LO that resides inside carrier. The two types gaps can be used for different purposes. Rank restricted gap works for IQ Image and LO leakage and such calibrations but PA DPD needs rank restricted gap. Therefore bot types of gaps are needed for all UEs.

Observation 5: FR2 UE will utilize both types of gaps, Total Gap and Rank restricted Gap.   

Fallback UE behavior   
UE can perform calibrations by ignoring scheduling. This autonomous mode will have an impact in to network performance since UE may not be able to select calibration slot so that a critical transmission can be avoided. In worst case, UE fails to transmit PUCCH/ACK and it will cause retransmission of potential a large DL TTI. Having network schedule these gaps would allow network to control when UE performs calibration and therefore avoiding critical UL or DL slots. UE behavior is same for total gap and rank restricted gap unless there is no UL at all and then UE can not do anything since unscheduled transmissions in licensed band are not allowed.   
Observation 6: UE will perform online calibrations but having network configure gaps for calibrations ensures minimal network capacity 
Proposal 1: UE is configured both types of gaps through RRC and UL for rank restricted gaps is scheduled through normal scheduling procedures 

Actions from WG to enable calibration gap

RAN2 must be informed to define proper RRC signalling for calibration gap. LS from RAN4 to RAN2 must be sent with the following text. An accompanying LS has been drafted.
Proposal 2: RAN4 shall send LS to RAN2 with the following information

“RAN4 has discussed functionality for UE Calibration gap and agreed that two types of gaps are configured for UE with means where UE is informed well in advance (1 msec) which slot UE can use for calibration. Calibration slot types shall alternate with the pattern shown in Figure 1 and are periodic with shown periodicities. Periodicities can vary within appropriate tolerances.
In addition to informing UE which slot is the calibration gap slot, for Rank restricted Gap (RrG), UE is scheduled data for UL transmissions for more or equal to 8 symbol duration. 

For Total Gap (TG), UE is not expected to receive and transmit for the duration of the full slot. “
RAN4 should acknowledge the usage of calibration gaps but since it impacts many requirements in 38.101-2 the acknowledgement should be in general section. An accompanying draft CR is prepared.

Proposal 3: Calibration gaps are acknowledged in RAN4 Technical Specifications in general section. 
Conclusion
Observation 1: For both types of gaps, UE needs to be configured the gap by RRC

Observation 2: In addition to RRC, for rank restricted gap, network needs to schedule UL
Observation 3: For rank restricted gap, network can schedule rank2 transmission

Observation 4: Both types of gaps with difference periodicities can co-exists 
Observation 5: FR2 UE will utilize both types of gaps, Total Gap and Rank restricted Gap.   
Observation 6: UE will perform online calibrations but having network configure gaps for calibrations ensures minimal network capacity 
Proposal 1: UE is configured both types of gaps through RRC and UL for rank restricted gaps is scheduled through normal scheduling procedures 

Proposal 2: RAN4 shall send LS to RAN2 with the following information

“RAN4 has discussed functionality for UE Calibration gap and agreed that two types of gaps are configured for UE with means where UE is informed well in advance (1 msec) which slot UE can use for calibration. Calibration slot types shall alternate with the pattern shown in Figure 1.

In addition to configuring calibration gap slot, for Rank restricted Gap (RrG), UE is scheduled data for UL transmissions for more or equal 5 slots duration. 

For Total Gap (TG), UE is not expected to receive and transmit for the duration of the slot. “

Proposal 3: Calibration gaps are acknowledged in RAN4 Technical Specifications in general section.
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