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1. Overall Description:

3GPP RAN4 has discussed the PA calibration gap feature, which allows UEs which support the PA calibration gap capability to implement digital pre-distortion techniques with the overall benefit of a net improvement of UE output power and a net savings in power consumption.

RAN4 recommends defining the feature in terms of the following parameters:

Table 1: PA calibration gap (PCG) parameters and their values

	Parameter
	Type
	Value
	Comment

	UE support of PCG
	UE capability
	
	Capability applies to FR2 bands and is per UE

	PCG type
	Configured by network
	Enum types: 
{0, 1, 2, 3}

Default: Type 0
	Different configurations may be defined by the following types

Type 0: periodic with single-port allocation during gap

Type 1: periodic with no DL/UL during gap

Type 2: periodic and event-driven with single-port allocation during gap

Type 3: periodic and event-driven with no UL during gap

At least PCG Type 0 shall be configured for a UE which signals the UE support of PCG capability

The other PCG types can be optionally configured if supported by the network

	Modulation applicability for PCG
	Configured by network
	Enum types:
{0, 1, 2}

Default:

Type 0
	Different UL modulation order applicability for PCG can be defined by the network:

Type 0: 16QAM and 64QAM

Type 1: QPSK, 16QAM, and 64QAM

Type 2: pi/2 BPSK, QPSK, 16QAM, and 64QAM

At least modulation applicability Type 0 shall be configured for a UE which signals the UE support of PCG capability

The other modulation applicability types can be optionally configured if supported by the network

	UE Tx power applicability for PCG
	Configured by network
	Any value ≥ 18 dBm

Optional
	- Value is defined as a threshold on Pcmax,c and depends on the eventual FR2 and MPR agreements

- If the network does not configure this value, PCGs are configured for all UE output power levels

	PCG timer
	Defined in specification
	
	- If PCG timer is not running, start with the first multi-Tx UL allocation (if Type 0 or Type 2) or the first UL allocation (if Type 1 or Type 3) for the UE, provided the conditions common for all PCG types (modulation applicability and UE Tx power applicability) are met

- Stop PCG timer after the last single-Tx UL allocation (if Type 0 or Type 2) or the last symbol with no UL/DL allocation (if Type 1 or Type 3) associated with PCG

	PCG type 0 conditions
	Defined in specification
	
	Applies to:

- All multi-port PUSCH (e.g. UL MIMO, TX diversity)

Scheduler behaviour:

- During the gap scheduler allocates single-port PUSCH over a duration (measured in symbols) equal to at least PCG length. The allocated modulation is the highest modulation order corresponding to the modulation applicability type, if permitted by the UL channel conditions.
- PCG scheduling is up to gNB implementation as long as the time elapsed between the start of the applicable UL allocation and the end of the PA calibration gap does not exceed the PCG period.

	PCG type 1 conditions
	Defined in specification
	
	Applies to:

- All PUSCH

Scheduler behaviour:

- During the gap scheduler does not allocate any DL or UL over a duration (measured in symbols) equal to at least PCG length.
- PCG scheduling is up to gNB implementation as long as the time elapsed between the start of the applicable UL allocation and the end of the PA calibration gap does not exceed the PCG period.

	PCG type 2 conditions
	Defined in specification
	
	- PCG type 0 conditions apply

- An additional gap (also with length equal to at least PCG length) is triggered by any one of the enumerated PCG events and is up to gNB implementation

	PCG type 3 conditions
	Defined in specification
	
	- PCG type 1 conditions apply

- An additional gap (also with length equal to at least PCG length) is triggered by any one of the enumerated PCG events and is up to gNB implementation

	PCG period
	Configured by network
	Any value ≤ 8,000 slots
Mandatory
	Applicable to all PCG types.
An update of the DPD coefficients is needed no less frequently than once per second (corresponds to 1000 ms at 60 kHz SCS and 500 ms at 120 kHz SCS).

	PCG length
	Configured by network
	Any value ≥ 
1 slot
Mandatory
	Applicable to all PCG types.

The time required to perform PA calibration procedures should not be less than 1 slot (125 us at 60 kHz and 62.5 us at 120 kHz SCS)

	PCG events
	Configured by network
	Enum types:

{0}
	Applicable only to PCG types 2 and 3

Different events which trigger an event-driven PCG configuration may be defined by the following types

Type 0: If the UL bandwidth allocated to the UE for any CC changes from W ≤ 200 MHz to W > 200 MHz or vice-versa



Due to the nature of group-common and UE-specific allocations of UL resources, a timer is recommended to allow the network to allocate PA calibration gaps to the UE such that one PCG period elapses between the start of an applicable UL transmission and the end of the PA calibration gap. This allows the gNB scheduler flexibility in the implementation of these gaps over subsequent UL allocations for the UE.


The eventual implementation of PA calibration gaps into the specification and associated signalling is up to RAN1 and RAN2, and the table is provided for information as a potential example.
2. Actions:
3GPP RAN4 respectfully asks RAN1 and RAN2 to take the above information into account.
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