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1 Introduction
R17 FR2 enhancement WI [1] was approved, in which the self-calibration gap was captured as one of the objective as below. This paper initially discuss on this objective.
	· 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.


2 Discussion

2.1 Self-calibration background
Self-calibration has been discussed in Rel-15, and several WFs have been agreed, however, this feature finally was removed from Rel-15 UE features. And in the following Rel-16, no discussion happened. Then in Rel-17, this feature was brought up again and see what can be agreed this time.

Below are some agreements that have been made in Rel-15, although it is not necessary to stick to these agreements in Rel-17 discussions, it can be used as some background to save some discussion efforts.
In Jan 2018 AH meeting, following agreements were made [2]:

	Way Forward on calibration gap feature

· The need for UE calibration gap is a UE capability

· The capability definition is per UE as a baseline assumption

· Companies are encouraged to provide additional analysis whether a per-band definition is needed or if the baseline assumption can be confirmed next meeting

· With capability, UE informs network if it needs gap for one TX at a time as described in [1] or for all TX ports simultaneously i.e. no UL at all

· Interested companies are encouraged to provide analysis of the impact of scheduled gaps on system performance according to

· Scheduler complexity

· UE implementation complexity and power consumption

· Impact on gap parameter values

· Definition of gap configuration fall-backs, if needed

· LS to inform RAN2 and RAN1 about new capability should be sent with the information above pending discussions at upcoming meetings

Way Forward on parameters for calibration gap

· Gap duration is one slot i.e. no UL for one TX port as described in [1] or for all TX ports simultaneously i.e. no UL at all depending on capability for this UE is scheduled for contiguous duration of 14 symbols

· Gap periodicity

· Periodicity can be fixed (allocated by the network) or depend on number of parameters
· For gaps with fixed periodicity, the gap period is at most 8,000 slots (1000 ms with 60 kHz SCS / 500 ms with 120 kHz SCS) or periodicity is defined as UE capability

· For gaps triggered by other events, UE power or UE TX BW change, network assigns gaps based on information from UE reports or UL grant information

· Gap is applied only when UE is operating at relatively high power level

· Details FFS 

Way Forward on requirement impact

· The impact of the PA calibration gap feature on UE RF requirements in TS38.101-2 is as follows:

· A single MPR table is defined for all UEs whether they support the PA calibration gap or not

· Assumption for MPR work is that UE applies calibration

· Test case parameters associated with output power requirements are updated to include PA calibration gap configuration for the applicable UEs, such that

· Gaps with fixed periodicity are allocated in the test case configuration

· How to define a requirement for gaps triggered by other events is FFS




In RAN4#86 February 2018, following agreements were made [3]:
	UE PA Calibration Gap (PCG) requirements

· UE is allowed to have PCG length = 14 symbols for PA Calibration

· UE is assumed to have digital predistortion for meeting UE Tx requirements

Assumed NW behavior if UE signals that it requires PCG for meeting the UE Tx requirements

· left fully to gNB scheduler implementation how to provide UE necessary gaps. For meeting the UE Tx requirements UE can assume single-layer UL allocation PA calibration gap and PA calibration gap with no transmission are scheduled.

· RAN4 to study the definition of gap configuration fall-backs, including behavior of UE and NW when gaps are not provided

· RAN4 to study how to introduce UE PCG requirements into its specifications


In RAN4#86Bis April 2018, following agreements were made [4]:
	Way forward on parameters

· Configuration with RRC to UE is one of the options

· Only one MPR table will be specified to UE requirements without calibration gap assumption

· How to handle different types of calibration gap will be discussed in next meeting once RAN4 reaches consensus on calibration gap 


Finally, in RAN4#89 Nov 2018, final conclusion was given in [5]:
	It is proposed that power calibration gaps are not specified. Gaps for calibration can be scheduled by the UE itself autonomously.


From above agreements, several observations can be given.

Observation 1:   It was agreed power calibration gaps can be scheduled by the UE itself autonomously in Rel-15.

Observation 2:   It was agreed requirements were defined based on UEs without power calibration gaps in Rel-15.

2.2 Rel-17 objectives
In Rel-17, there are two phases of this feature, and in phase 1 several objectives are given.
· Study and clearly identify the performance gain over the current baseline (Rel.16 requirements)
In this objective, the performance gain comparing to the current baseline is going to be analyzed, however, it is not quite clear what the current baseline means. As observation 1 has mentioned, currently, the power calibration gap can be made by UE itself autonomously, that means this feature has already been implemented by UE. The difference in Rel-17 discussion comparing to Rel-15 is whether it is configured by NW or by UE itself. And as pointed out by observation 2, Rel-15 requirements are defined based on UEs without calibration gaps. Then if take Rel-16 requirements as baseline, it means UEs without calibration gaps.

Proposal 1:        Take UEs without power calibration gaps in Rel-16 as baseline to analyze performance gain of power calibration gap.

Then from performance perspective, UEs with online calibration might have some improvements. Identify the performance gain to better understand this feature is beneficial, however, it is quite implementation specific so different UEs will have different performance. It is not suitable to define performance gain requirements for this feature.
Observation 3:   Power calibration is UE implementation specific and performance gain is different from UE to UE.

Proposal 2:        Compare performance of UEs with and without power calibration gaps to better understand gain of this feature, however no performance gain requirements are defined.

· Study network impact of UE emissions during UL gap, if any
It was discussed in Rel-15 and confirmed that during the calibration powers will be transmitted to the air during the calibration gaps. And concerns of interfering other UEs or NW were expressed. It is also our understanding, that the calibration process shall keep all the emissions under control and meet the regulatory requirements rather than make interference to others. Therefore, based on the study outcome tests might need to be defined during the calibration gaps.
Proposal 3:        Emissions need to be controlled during the calibration gap and tests need to be considered
3 Conclusion

2.1 Self-calibration background
Observation 1:   It was agreed power calibration gaps can be scheduled by the UE itself autonomously in Rel-15.

Observation 2:   It was agreed requirements were defined based on UEs without power calibration gaps in Rel-15.

2.2 Rel-17 objectives
Proposal 1:        Take UEs without power calibration gaps in Rel-16 as baseline to analyze performance gain of power calibration gap.

Observation 3:   Power calibration is UE implementation specific and performance gain is different from UE to UE.

Proposal 2:        Compare performance of UEs with and without power calibration gaps to better understand gain of this feature, however, no performance gain requirements are defined.

Proposal 3:        Emissions need to be controlled during the calibration gap and tests need to be considered
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