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1. Introduction

5G NR BS output power dynamics requirement was discussed in the last RAN4 meeting and a WF on BS output power dynamics for FR1was approved as below.

· RE power dynamic range

· FFS on whether to reuse E-UTRA RE power dynamic range requirement (conducted) for FR1 NR.

· Total power dynamic range

· Total power dynamic range requirement will be calculated take the following assumption into consideration

· CBW<=20MHz, using 1RB as minimum resource allocation

· CBW>20MHz, FFS on the minimum resource allocation

This contribution aims to solve the open issue listed in the above WF.
2. Discussion

2.1 RE Power control dynamic range
This requirement was discussed based on [1]. However the necessity of this requirement was not fully confirmed.

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. It sets a clear boundary on BS DL power for the cases where power boosting/de-boosting on some REs (e.g. CRS, CSI-RS) is needed from interference mitigation or coverage extension point of view. In RAN1, they already considered power boosting/de-boosting for CSI-RS design in Rel-15. Also from experience in E-UTRA, RE power up/down requirement was very useful for the discussion on later features like eICIC that has a demand to boost/de-boost power on some RE powers. We need to specify clearly what the allowable power up/down limit is from equipment point of view. 

Concerns on RE power control dynamic range mainly comes from the conformance test aspects. During the discussion in RAN4#84bis, it was pointed out that there is no test for E-UTRA RE power dynamic range requirement although the core requirement is defined in 36.104, due to which the necessity of this requirement was not finally confirmed. However it is not the case after we checked 36.141. The E-UTRA RE power dynamic range requirement is tested together with EVM requirement. It is a combined test for both RE power dynamic range and EVM requirement rather than no test for it. For the test, we should know at first what the power limits is and how to configure the power for EVM test. From this point of view, we think the RE power dynamic range requirement should not be a concern for NR BS.
Based on the discussion in last RAN4 meeting, it seems agreeable to reuse the E-UTRA RE power dynamic requirement as the baseline for NR BS as proposed in [1]. So, it is proposed to adopt the RE power dynamic requirement in Table 2.1-1 for NR BS.
Table 2.1-1 NR BS RE power control dynamic range

	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 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


2.2 Total power dynamic range

The total power dynamic range 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. The lower limit of the dynamic range is the OFDM symbol power for a BS when one resource block is transmitted. This requirement is to verify that a BS has the ability to maintain constant PSD for different number of transmitted RBs. 
The only open issue for this requirement is the minimum resource allocation for larger channel bandwidth. There is one proposal to consider larger minimum Resource allocation for larger channel bandwidth. We looked into this open issue further. It seems not appropriate to increase the minimum resource allocation for total power dynamic range calculation as this will lead to misinterpretation for BS downlink power setting.  For example, if we use 11 RB@60kHz SCS (10MHz) as the minimum resource allocation for 100MHz channel, the calculated total power dynamic range will be 10.8dB. However if a BS transmits less RBs than 11RB, the average RB power will have to be increased due to the 10.8dB power dynamic limitation, which is not a right implementation. The average BS output power shall be scaled according to the number of RBs transmitted according to RAN1 spec.
Further, we observed that larger channel bandwidth will use larger SCS and the total power dynamic range will not increase too much for larger channel bandwidth. For example, the total dynamic range for 20MHz is 20dB in E-UTRA, The dynamic range for 100MHz channel bandwidth are 24.3dB for 30kHz SCS and 21.3dB for 60kHz SCS respectively. It means only ~4dB increase at the worst case compared to E-UTRA.
Proposal 1: 
1RB is used as the minimum resource allocation for total power dynamic range for all channel 





bandwidths.

The spectrum utilization in [3] and [4] are summarized in Table 2.2-1. 
Table 2.2-1 spectrum utilization for gNB
	SCS [kHz] 
	5 MHz 
	10 MHz 
	15 MHz 
	20 MHz 
	25 MHz 
	30 
MHz
	40 MHz 
	50 MHz 
	60 MHz 
	70 
MHz
	80 MHz 
	90 

MHz
	100 MHz 

	
	NRB 
	NRB 
	NRB 
	NRB 
	NRB 
	NRB
	NRB 
	NRB 
	NRB 
	NRB
	NRB 
	NRB
	NRB 

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	[245]
	273

	60
	N.A
	11
	18
	24
	31
	38
	51
	65
	79
	[93]
	107
	[121]
	135


The corresponding total power dynamic range for each channel bandwidth is then calculated as shown in Table 2.2-2.
Table 2.2-2 Total power dynamic range
	SCS [kHz] 
	5MHz 
	10MHz 
	15MHz 
	20 MHz 
	25 MHz 
	30MHz
	40 MHz 
	50MHz 
	60 MHz 
	70MHz
	80 MHz 
	90MHz
	100 MHz 

	
	(dB)

	15 
	13.9
	17.1
	18.9
	20.2
	21.2
	22
	23.3
	24.3
	N/A
	
	N/A
	
	N/A

	30 
	10.4
	13.8
	15.7
	17
	18.1
	18.9
	20.2
	21.2
	22
	22.7
	23.3
	[23.8]
	24.3

	60 
	N/A
	10.4
	12.5
	13.8
	14.9
	15.7
	17
	18.1
	18.9
	[19.6]
	20.2
	[20.8]
	21.3


Proposal 2:
It is proposed to adopt the RE power dynamic range in Table 2.1-1 and total power dynamic range 




in Table 2.2-2.
3. Conclusion
This contribution discussed output power dynamics for NR BS. We have the following proposals for consideration. 
Proposal 1: 
1RB is used as the minimum resource allocation for total power dynamic range for all channel 





bandwidths.

Proposal 2:
It is proposed to adopt the RE power dynamic range in Table 2.1-1 and total power dynamic range 




in Table 2.2-2.
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