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Introduction
In this contribution we discuss on the conducted and radiated output power dynamics requirements for the NR BS in 7 – 24 GHz range. Related TP to TR is provided in a separate contribution.
Discussion
Conducted RE power control dynamic range
By definition, the RE power control dynamic range is defined as the difference between the power of an RE and the average RE power for a BS at maximum output power for a specified reference condition. The conducted RE power control dynamic range requirement has no specific test and it is tested together with the EVM. 
For NR BS, the RE power control dynamic range is reused from E-UTRA for the modulations schemes applicable to NR and is specified as follows: 
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	NOTE:	The output power per carrier shall always be less or equal to the maximum output power of the base station.



NOTE: discussion on the set of modulation schemes in 7 – 24 GHz range is out of scope of this contribution. 
Based on the table above it shall be noted that for 64QAM and 256QAM there is actually no RE power control range defined, i.e. no power boosting, nor de-boosting considered.
The RE power control up and down range for each of the supported modulation schemes is derived by considering the relation between the RE power boosting/de-boosting and other RF requirements like UEM, ACLR and EVM as outlined below:
-	Power boosting on some REs within the BS channel bandwidth may cause unequal PSD for the wanted signal. Then the unequal PSD will increase the unwanted emission level in the adjacent channel compared to the case for equal PSD. Power up limit should ensure that the UEM and ACLR requirements are not violated.
- 	RE power down requirement is limited by the EVM requirement as power de-boosting on some EPREs will lead to reduced Tx SNR which effectively requires a lower EVM requirement. To tighten the EVM requirement due to power control is not preferred from system and implementation perspective.
Therefore it is seen that for the conducted RE power control dynamic range in 7-24GHz range the following consideration can be considered: 
· For QPSK and 16 QAM: In case the conducted unwanted emission limits are not increased (compared to the existing FR1 limits) for 7-24 GHz (sub)-range, then the conducted RE power up requirement can be reused for the applicable 7-24GHz (sub)-range.  Otherwise, the conducted RE power control dynamic range requirement might require to be re-visited during the WI phase.
· For QPSK and 16 QAM: In case the conducted EVM requirements are kept unchanged within 7-24GHz (sub)-range, the conducted RE power down range requirement can also be reused for the same 7-24GHz (sub)-range. Otherwise, the conducted RE power control dynamic range requirement might require to be re-visited during the WI phase.
· For 64QAM and 256QAM: there is no good motivation to introduce the power up and power down requirements for the 7 – 24 GHz (sub)-range. Such requirement was not included for FR1 (and is also not existing for FR2).
· All the above considerations are obviously limited to the discussion how high in frequency the conducted requirements can be defined for the NR BS. 
The following is observed for the conducted RE power control dynamic range in 7 – 24 GHz range: 
Observation 1: For QPSK and 16 QAM, the definition of the conducted RE power control dynamic range requirement will depend on the unwanted emission and EVM requirements. In case unwanted emission levels and the EVM is reuse from FR1, the conducted RE power control dynamic range requirement can also be reused for QPSK and 16 QAM.
Observation 2: there is no need to define conducted RE power control dynamic range requirements for 64QAM and 256QAM (if those are decided to be considered for 7-24 GHz (sub)-range).
OTA RE power control dynamic range
As verification of the OTA output power dynamics is not impacted by the spatial aspects around the DUT, the OTA RE power control dynamic range for BS type 1-O in FR1 is specified the same as the conducted RE power control dynamic range requirement in FR1. So in FR1 the OTA RE power control dynamic range is specified the same as the	conducted RE power control dynamic range.
In case of FR2 the situation changes due to the following motivation: 
· For power boosting: the coverage extensions for mmW scenarios was seen as not suitable due to challenging propagation conditions (i.e. it is considered that any sort of coverage extension will be done based on FR1 spectrum).
· For power de-boosting: interference mitigation by the power de-boosting was considered as questionable for FR2, as the mmW beamforming will allow granular spatial power allocations by narrow beams, which can be seen as interference reduction in spatial directions other than the wanted signal. 
Based on the above, there was no OTA RE power control dynamic range requirement defined for NR BS in FR2. 
The following is observed for the OTA RE power control dynamic range in 7 – 24 GHz range: 
Observation 3: for “FR1-like” sub-range of the 7 – 24 GHz range, the OTA RE power control dynamic range requirement for QPSK and 16 QAM is to be the same as the conduced RE power control dynamic range requirement.
Observation 4: for “FR2-like” sub-range of the 7 – 24 GHz range, there is no OTA RE power control dynamic range requirement defined. 
Conducted total power dynamic range
By definition, the total power dynamic range (for LTE as well as NR) is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition. The upper limit of the dynamic range is the OFDM symbol power for a BS at maximum output power per carrier. The lower limit of the dynamic range is the OFDM symbol power for a BS when one resource block is transmitted. 
Therefore the total power dynamic range is calculated based on the amount of the PRBs of the PDSCH channel for a given SCS. 
Observation 5: Once the set of supported channel bandwidths and the set of SCS is agreed for 7 – 24GHz (sub)-range supporting conducted requirements, the derivation of the total power dynamic range requirement will be straightforward. 
OTA total power dynamic range
For the FR1 requirement, the OTA output power dynamics is not impacted by the spatial aspects around the DUT. Therefore, the OTA total power dynamic range for BS type 1-O is specified the same as the conducted total power dynamic range requirement.
In case of FR2, the derivation of the OTA total power dynamic range requirement for BS type 2-O for FR2 channel bandwidths and SCS is following the methodology used for FR1 total power dynamic range.
Therefore it can be observed that for 7 – 24 GHz range, the derivation of the OTA total power dynamic range is the same as for the conducted version of this requirement and is based on the PRB count for the supported channel bandwidth and SCS. 
Observation 6: Once the set of supported channel bandwidths and the set of SCS is agreed for 7 – 24GHz, the derivation of the OTA total power dynamic range requirement will be straightforward. 
Observation 7: the values of the OTA total power dynamic range requirement are the same as the conducted total power dynamic range.
Conclusion
The following was observed for RE power control dynamic range: 
Observation 1: For QPSK and 16 QAM, the definition of the conducted RE power control dynamic range requirement will depend on the unwanted emission and EVM requirements. In case unwanted emission levels and the EVM is reuse from FR1, the conducted RE power control dynamic range requirement can also be reused for QPSK and 16 QAM.
Observation 2: there is no need to define conducted RE power control dynamic range requirements for 64QAM and 256QAM (if those are decided to be considered for 7-24 GHz (sub)-range).
Observation 3: for “FR1-like” sub-range of the 7 – 24 GHz range, the OTA RE power control dynamic range requirement for QPSK and 16 QAM is to be the same as the conduced RE power control dynamic range requirement.
Observation 4: for “FR2-like” sub-range of the 7 – 24 GHz range, there is no OTA RE power control dynamic range requirement defined. 
The following was observed for total power dynamic range: 
Observation 5: Once the set of supported channel bandwidths and the set of SCS is agreed for 7 – 24GHz (sub)-range supporting conducted requirements, the derivation of the total power dynamic range requirement will be straightforward. 
Observation 6: Once the set of supported channel bandwidths and the set of SCS is agreed for 7 – 24GHz, the derivation of the OTA total power dynamic range requirement will be straightforward. 
Observation 7: the values of the OTA total power dynamic range requirement are the same as the conducted total power dynamic range.
Based on the above observations, related TP to TR 38.820 is provided in [1] for approval. 
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