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Introduction
  In the past a few meetings, PA Calibration Gap (PCG) was discussed and two WFs were approved [1,2]. In AH#1801 meeting the following agreements were reached [1]:
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 (when triggered by the UE)
· 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 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 meeting further agreements on PCG were reached [2]:
In this contribution, we provide further considerations on PCG and address some open and potential issues/concerns and make PCG scheme more workable.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(Tx) 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

Discussion
The benefit of PCG was identified to be significant to the UE. For example, it was shown in [3] that 
· MPR can be improved by 0.5 dB for QPSK, 1.0 dB for 16QAM, and 1.5 dB for 64QAM.
· For a dual-polarized four-element antenna array, 600 mW power saving can be observed.
In order to realize them, either NW needs to have proper scheduler implementation or further study is needed on behaviour of UE and NW when gaps are not provided [2]. 
Solutions based on UE necessary gaps provided by NW 
Based on the discussion in previous meetings, when UE signals NW that it requires PCG to do on-line training, NW is assumed to schedule the UE with necessary gaps, UE can assume 1 Tx UL transmission during the PCG gaps and no transmission scheduled during the PCG depending on UE request. For UEs requesting 1Tx UL as PCG gaps, 1 slot per second (e.g. every 4000 slots for SCS=60KHz) per Tx chain should be scheduled for PCG purpose. The corresponding PCG pattern could be standardized and the related RAN1/2 work is expected. For better representation, we call this scheme as Option 1.  
Meanwhile, some companies expressed their concerns on the additional complexity to standardize PCG pattern in Option 1 and the corresponding RAN1 and RAN2 impacts is not trivial and thus, in the agreed WF [2] it was agreed that it is left fully to gNB scheduler implementation how to provide UE necessary gaps and RAN4 will develop UE requirements when suitable PA calibration gaps are provided. 
And also In the WF [2] RAN4 is requested to study the definition of gap configuration fallbacks, including behavior of UE and NW when gaps are not provided.
Solution to address the concerns
We present one solution (Option 2) to provide UE the opportunities for PA calibration without standardizing PCG pattern and configuration and leaving it up to gNB scheduler implementation how to provide UE necessary PA calibration gaps. This solution can be described in the following bullets for UEs needing to perform PA calibration:
· NW schedules UE grants using single layer transmission and one Tx chain regardless whether there is data in the buffer at least 1 slot every second per Tx. 
· In case there is no data in the buffer these grants are not intended for real data transmission although they follow normal formats and signals can be used and combined in the BS. Thus, they can be used by UE for PA calibration. 
· The occasion of these grants created for PA calibration purposes are decided by NW. 
· Since both NW and UE is aware of the occasion of these UL grants for PA calibration purposes and they are sufficiently infrequent, negative implications on UL data transmission and reception are small.
· If the network does not provide UL grants using single layer transmission and one Tx chain or less than 1 slot per second per Tx chain with the agreed limits and criteria defined in the UE requirements.
· UE can use any available UL slot autonomously for PA calibration within the specified time limits of 1 slot per second per Tx chain.
· At most 1 UL slot per second per Tx chain can be used by UE for PA calibration. 
· During the UL slot used for PA calibration, the corresponding UL transmission can be interrupted
Similarly, following the option 2 principles also PA calibration gaps where no DL or UL transmission is scheduled can be provided for the UEs that need “real” gaps for PA calibration. This can be presented as follows:
· Network scheduler provides gaps, where there is no DL or UL transmission, at least 1 slot every second so that the UE can do PA calibration.
· If the network does not provide the above-mentioned gaps, the UE may use any available UL slot autonomously for PA calibration within the specified time limits of 1 slot per second.
UE is allowed to signal NW the type of PA calibration gap either
· With single layer 1 Tx UL transmission. Or
· With no transmission
For the event driven scenarios, e.g. Tx BW and/or power changes, whether additional UL grants for PA calibration will be scheduled by NW is FFS
Comparison 
The following table provides comparison between Option 1 and Option 2.

Table 1. Comparison between Option 1 and Option 2
	 
	Option 1
	Option 2

	NW scheduling
	NW needs to schedule 1 dedicated UL slot (gap) every 1000 ms  per Tx chain (e.g. 1 per 4000 slots for SCS=60KHz,  or 1 per 8000 slots for scs = 120Khz ) for total 2 Tx chains. NW schedules PCG (1 Tx UL) by fixed periodicity and/or by additional event driven gaps (like BW, power changes). 
PCG pattern chould be standardized
	NW provides PCG dedicated UL grants at requirement PCG intervals.
Otherwise if no PCG dedicated UL grants: 
· UE decides which UL slots it uses to do PA calibrations.
· Up to one UL slot per Tx per second can be used for PA calibration.
· PCG pattern is decided by UE and is transparent to the NW, subject to interruption rate limitation


	 UE behavior
	Follow UL grant in PCG and undergo calibration procedure
	UE follows PCG dedicated UL grants if exist, undergo calibration procedure.
Otherwise, UE will pick up UL slots, and undergo calibration procedure

	RAN1 and RAN2 impacts
	RAN1 scheduling and RAN2 signaling support may be needed.
	No impacts on RAN1 and RAN2

	UL impact
	Due to single Tx in PCG, NW may or may not receive UL data from UE during PCG
	For PCG dedicated UL grants, there is no UL interruption.
Otherwise:
Due to single Tx in PA calibration and possible mismatch with UL grants, NW may or may not receive UL data from UE during PA calibration.
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Option 2 provides simple solution for UE to do PA calibration without dedicated NW scheduling, with an expense of very small interruption rate in the UL if PA calibration UL grants are not provided by NW. 
Proposal: RAN4 approves PA calibration mechanism described in Option 2 without standardizing PCG pattern and configurations. There is no RAN1/2 impact.
Conclusion
In this contribution, we address the NW concerns about scheduler implementation and provide the following proposal.
Proposal: RAN4 approves PA calibration mechanism described in Option 2 without standardizing PCG pattern and configurations. There is no RAN1/2 impact.
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