5

TSG-RAN Working Group 4 (Radio) meeting #88-Bis
R4-1812743
Chengdu, China, 8th  - 12th October 2018
Source:
Ericsson
Title:
Power boosting/deboosting configuration for NR Test Models
Agenda item:
7.9.2.3
Document for:
Approval
1. Introduction

During last RAN4 meeting RAN4 #88, preliminary agreements were made with respect to the NR test model design, which was captured in the draft test specifications [1]. This includes the physical channel parameter settings for NR-TM 1.1 and 1.2 as well as TDD configuration for FR1.
During which time, agreement on boosting and deboosting was to be supported in NR test models for FR1 only.  The following is captured in chairman’s notes from RAN4 #88:

ACLR and unwanted emission, EVM for FR1: 

Power boosting with scalable test model design. 

For power boosting/deboosting, [xth] PRB will be boosted/deboosted

Detailed test model is FFS 
This would lead to the need to specify further the boosting level and xth PRB to be boosted and deboosted as part of NR-FR1-TM1.2.  The intension of this contribution is to provide inputs for the configuration of resource elements with respect to power boosting and deboosting in NR TM 1.2, specifically, in FR1.
2. Discussion
NR supports power booting/de-boosting by means of PDSCH resource element (RE) power control as mentioned below [TS 38.104, 2]:
Table 6.3.2.2-1: RE power control dynamic range [TS 38.104]
	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.


The collection of amplitude statistics is one of the most important aspects for stressing the capability of BS in terms of handling peak-to-average power ratio and for developing potential peak reduction schemes needed to maintain high power efficiency. Therefore, it is meaningful to investigate the PDSCH RE power control on the amplitude statistics considering the slot structure in [Table 4.9.2.2.2-1, 1]. It was agreed in the last meeting that [x] PRBS boosted by [y] dB and the companies were encouraged to study the values of [x] and [y], as summarized in below Table.
Table 4.9.2.2.2-1: Physical channel parameters of NR-TM 1.2 for x kHz SCS with y MHz bandwidth

	                                PDSCH

	DM-RS configuration and density
	Type 1, Comb2 (every other subcarrier) in symbols 3 and 11

	# of QPSK PDSCH PRBs which are boosted 
	
[[image: image2.png]


, i.e., every xth PRB]



	Level of boosting [dB] 
	[y]

	# of QPSK PDSCH PRBs which are deboosted
	[   
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  ]



	Level of deboosting [dB]
	  [
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First, we would like to note that there is a typo in the Level of deboosting [dB]. Specifically, instead of y dB in the denominator, it should be linear scale equivalent of y dB, i.e.,
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in order to satisfy the max power constraint as
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Also, in the above formulation, it is implicitly assumed that the starting number of the boosted PRB is x. Furthermore, according to Table [Table 6.3.2.2-1, TS 38.104] the dynamic range of RE power control for QPSK PDSCH is within the limits of [-6 dB, +3 dB], i.e., boosting level is at most 3 dB above the average RE power while the deboosting level is not lower than -6 dB.
Let us consider the case of 20 MHz bandwidth and 15 kHz subcarrier spacing, i.e., NRB = 106 (cf. Table 5.3.2.1, TS 38.104). Letting y [dB] = 3, then the deboosting level in dB is found to be 2.95 dB and 1.7 dB, for x = 3 and x = 4, respectively. Note that for x = 2, the deboosting level violates the threshold of 6 dB with 3 dB boosting and other alternative is to choose boosting level y [dB] = 2.43 and deboosting level of -6 dB. It appears that choosing x = 2 is not scalable with respect to subcarrier spacing and bandwidth. Therefore, we particularly focus on the other two cases of x = 3 and x = 4, which are close to the fraction of boosted PRBs in EUTRA, i.e., the ratio of the boosted PRBs to the total PRBs is around 40%.
Applying this approach for each of the combination of subcarrier spacing and bandwidth with a fixed boosting level of 3 dB, one can compute the power deboosting level as specified below in Tables 1 and 2.
Although the following values can be derived from Table 4.9.2.2.2-1, for the convenience of the reader the RE boosting power levels are shown in the following tables below.
Table 1: RE power deboosting level [dB] for each of the SCS and BW combination when every third PRB (x=3) is boosted by 3 dB starting from PRB#3 and the number of PRBs is selected according to Table 5.3.2.1, TS 38.104.
	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

	15
	2.74
	2.86
	2.90
	2.92
	2.94
	2.95
	2.99
	2.99
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	30
	2.02
	2.99
	2.67
	2.99
	2.80
	2.99
	2.93
	2.94
	2.99
	2.99
	2.96
	2.93
	2.99

	60
	N.A.
	2.03
	2.99
	2.99
	2.79
	2.67
	2.99
	2.80
	2.90
	2.99
	2.87
	2.93
	2.99


Table 2: RE power deboosting level [dB] for each of the SCS and BW combination when every fourth PRB (x=4) is boosted by 3 dB starting from PRB#4 and the number of PRBs is selected according to Table 5.3.2.1, TS 38.104.

	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

	15
	1.63
	1.75
	1.64
	1.69
	1.72
	1.75
	1.75
	1.73
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	30
	1.08
	1.75
	1.60
	1.58
	1.70
	1.67
	1.70
	1.73
	1.71
	1.73
	1.73
	1.74
	1.74

	60
	N.A.
	1.08
	1.45
	1.75
	1.49
	1.60
	1.58
	1.70
	1.64
	1.72
	1.67
	1.72
	1.68


Alternatively, if we change the starting position of boosted PRB from x to 1, i.e., the first PRB, then in the above formulation, [image: image9.png][Fee
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. Then the corresponding deboosting levels are modified as specified in Tables 3 and 4.
Table 3: RE power deboosting level [dB] for each of the SCS and BW combination when every third PRB (x=3) is boosted by 3 dB starting from PRB#1 and the number of PRBs is selected according to Table 5.3.2.1, TS 38.104.
	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

	15
	3.56
	3.25
	3.15
	3.11
	3.08
	3.07
	2.99
	2.99
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	30
	3.65
	2.99
	3.16
	2.99
	3.09
	2.99
	3.11
	3.08
	2.99
	.299
	3.04
	3.01
	2.99

	60
	N.A.
	3.65
	2.99
	2.99
	3.44
	3.16
	2.99
	3.09
	3.15
	2.99
	3.05
	3.09
	2.99


Table 4: RE power deboosting level [dB] for each of the SCS and BW combination when every fourth PRB (x=4) is boosted by 3 dB starting from PRB#1 and the number of PRBs is selected according to Table 5.3.2.1, TS 38.104.

	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

	15
	2.12
	1.75
	1.78
	1.80
	1.81
	1.75
	1.75
	1.77
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	30
	2.02
	1.75
	1.90
	1.80
	1.88
	1.82
	1.80
	1.81
	1.78
	1.79
	1.79
	1.78
	1.78

	60
	N.A.
	2.02
	2.09
	1.75
	1.84
	1.90
	1.80
	1.88
	1.78
	1.84
	1.77
	1.82
	1.77
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Figure 1: NR amplitude statistics with PDSCH RE power control for fixed sub-carrier spacing of 30 kHz, 40 MHz bandwidth (106 PRBs) and boosting level +3 dB.
Shown in Figure 1 are the CCDFs of transmit signal PAPR for subcarrier spacing of 30 kHz with 40 MHz bandwidth (11 PRBs) and the TM design illustrated in [1], where a selection of RE power levels are boosted by +3 dB and the corresponding deboosting levels as specified in Tables 1-4. We choose x = 3 and x = 4, corresponding to the fraction of PRBs boosted are 33% and 25%, respectively, while the rest of the PRBs deboosted according to the levels specified in Tables 1-4. The starting position of boosted PRBs is varied over #1, #2, #3 for x = 3, and over #1 and #4 for x = 4. It can be observed that the amplitude statistics are identical with respect to the Rayleigh distribution as well as with no power boosting. 
Finally, Figure 2 shows the CCDF of transmit signal PAPR as similar as Figure 1 but now for different subcarrier spacing and bandwidths. Again, as anticipated, the amplitude statistics of transmit signal waveform is invariant under RE power boosting and deboosting with respect to Rayleigh distribution. 
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Figure 2: NR amplitude statistics with PDSCH RE power control for different bandwidth and sub-carrier spacings.
Given that the fraction of the boosted PRBs is around 40% of the total PRBs in EUTRA as well as to maintain the scalability of the test model design, we would like to suggest the following.
Proposal: 

Introduce power boosting of +3 dB for every 3rd PRB starting from the second PRB in an OFDM symbol and adopt the deboosting level according to Table 3. 
3.
Conclusion

In this paper, it has been shown the amplitude statistics of NR transmit signal waveform is compared for different scenarios of power boosting and deboosting: (a) x = 3, i.e., 33% PRBs boosted while the rest of PRBs deboosted and (b) x = 4, i.e., 25% PRBs boosted while the rest of PRBs deboosted. In both scenarios, the amplitude statistics obtained with power boosting and deboosting are almost invariant with respect to the Rayleigh distribution across different combinations of subcarrier spacing and bandwidth. 
Proposal: 

Introduce power boosting of +3 dB for every 3rd PRB starting from the second PRB in an OFDM symbol and adopt the deboosting level according to Table 3. 
4. 
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