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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK11][bookmark: _GoBack]In RAN#88, there were agreements to support power boosting in the test models [1] [2]. In addition, there was a desire to keep the boosting patterns simple in the form of 1 every [Xth] RB. However, there is a technical problem to achieve that pattern for several test models. For example in 36.141, TM1.2 is based on a 40% boosting pattern and TM3.2 is based on 60% pattern. While it may be possible to approximate 40% with a pattern of 1 RB every 3rd, 60% is more difficult. This contribution provides details for boosting patterns based on M consecutive RBs boosted each N RBs.
Discussion
Due to the similarity of LTE and NR for the 15 kHz SCS configuration, the testing results for the 15 kHz SCS configuration should be comparable with LTE results for 5, 10, 15, and 20 MHz under the same test conditions. For several NR test models, the boosting patterns in the form of 1 every [Xth] RB can be comparisons more difficult because percentages such as 40% and 60% cannot be expressed as 1/X.
Background
For several test models in 36.141, RBs of the PDSCH are boosted. In other models, only a single RB is used. Tables are used to capture the list of RBs.
In 36.141, there are effectively 3 boosting levels:
· TM1.2 where 40% of the RBs are boosted by 3 dB
· TM3.2 where 60% of the RBs are deboosted by 3 dB
· TM3.3 where 50% of the RBs are deboosted by 3 dB
A complex pattern was used to place the boosted RBs. There are effectively 2 sets created where the first set is defined and the second set is derived.
It was shown in [6] that a simple expression can be used to compute the number of RBs that are boosted/deboosted in set 1, the boost/deboost amount in set 1, the number of RBs that are deboosted/boosted in set 2, and the deboost/boost amount in set 2. The following table summarizes the calculations.
Table 1. Initial calculations for boosting
	
	TM1.2
	TM3.2
	TM3.3

	(set 1) boost/deboost amount B
	3 dB
	-3 dB
	-6 dB

	(set 1) Fraction of RB boosted/deboosted, fB
	0.4
	0.6
	0.5

	(set 1) number of RBs boosted/deboosted
	

	(set 2) number of RBs deboosted/boosted
	

	(set 2) deboost/boost amount
	



Observation 1: A closed form expression can be used to compute the boosting/deboosting as a function of the bandwidth in RBs.
When considering the boosting pattern, the expressions may have to be revised.
NR Boosting pattern
There was a goal to use a simple pattern to identify the boosted RBs. The proposed pattern should have form , where m indicates that every mth RB will be boosted/deboosted, with  and b is a starting location. To follow that goal, the pattern is examined for several test models
NR-TM2
In this test, one RB is populated. In 36.141, a different position for the one RB was used each subframe. While the test duration is the same in NR, the number of slots varies as a function of numerology. The following example spaces the one RB as a function of the number of slots in a subframe and the number of subframes f.

The modulo operation ensures a wraparound while the value f changes the starting position each subframe. The ceiling function ensures that the step size is at least 1. The index s is the slot index.
For example, consider 30 kHz SCS (µ=1) and NRB=24 for 2 subframes. The step size is ceiling(24/20)=2. The pattern for the first subframe (f=0) is {0, 2, …, 22, 0, …, 14} and the second subframe (f=1) is {1, 3, …, 23, 1, …, 15}. The example is shown in Figure 1.
Subframe s=0
Subframe s=1
P(k)
k=0
k=0

[bookmark: _Ref524939440]Figure 1. Example 30 kHz SCS, 24 RBs, 2 subframes.
Proposal 1: A linear equation can be used to locate the RB for NR-TM2 that changes the location of the single RB each slot.
NR-TM1.2, NR-TM3.2, NR-TM3.3
Generating a linear model for these test is more challenging because the fractions 0.4, 0.6, and 0.5 suggest a blocks of RBs that are boosted. For instance 0.4 implies two RBs each 5 RBs are boosted. A simple rule of 2 boosted and 3 not boosted can be used.
Observation 2: A pattern of M consecutive boosted RBs followed by N-M consecutive deboosted RBs can be used for the fraction of M/N, where {M, N} = {2, 5} for 40%, {3, 5} for 60% and {1, 2} for 50% boosting.
The following figure shows M consecutive boosted (red) RBs every N sets of RBs. An example for the pattern is shown in Figure 2 for NRB=24 RBs for M=2, N=5 and M=3, N=5, 20 slots per subframe.
 Subframe 
P(k)
s=0
Subframe 
P(k)
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[bookmark: _Ref524941953]Figure 2. Example for NRB=24 RBs for M=2, N=5 and M=3, N=5, 20 slots per subframe.
The following equations compute the pattern above:
· Express fraction as M/N
· The number of RBs boosted NB in a slot:

· Compute the boosted location as a function of slot index s


Although the function appears complicated, each term has a purpose. The first term causes the shift per slot, the second term implements the shift by N in frequency, and the last term groups RBs into blocks of M. The shift per slot has the benefit of examining all RBs in the test. For a 50% boosting pattern, the formula degenerates to every other RB boosted.
The calculation for the number of the parameters is captured in Table 2
[bookmark: _Ref524950564]Table 2. Revised calculations for boosting
	
	NR-TM1.2
	NR-TM3.2
	NR-TM3.3

	(set 1) boost/deboost amount B
	3 dB
	-3 dB
	-6 dB

	(set 1) Fraction of RB boosted/deboosted, fB
	0.4
	0.6
	0.5

	(set 1) Numerator M
	2
	3
	1

	(set 1) Denominator N
	5
	5
	2

	(set 1) number of RBs boosted/deboosted NB
	

	(set 2) number of RBs deboosted/boosted
	

	(set 2) deboost/boost amount
	



Proposal 2: A linear equation based on the ratio M/N can be used to locate the RBs for NR-TM1.2, 3.2, 3.3.

Conclusion
In general
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: A closed form expression can be used to compute the boosting/deboosting as a function of the bandwidth in RBs.
For a single RB per slot,
Proposal 1: A linear equation can be used to locate the RB for NR-TM2 that changes the location of the single RB each slot.
To overcome the technical issue of supporting fractions such 2/5 and 3/5 using a pattern of 1 RB every [xth] RB, the note provides a linear model for locating M consecutive RBs each N RBs.
Observation 2: A pattern of M consecutive boosted RBs followed by N-M consecutive deboosted RBs can be used for the fraction of M/N, where {M, N} = {2, 5} for 40%, {3, 5} for 60% and {1, 2} for 50% boosting.
This model is in the spirit of 1 each [xth] RB.
Proposal 2: A linear equation based on the ratio M/N can be used to locate the RBs for NR-TM1.2, 3.2, 3.3.
An additional benefit is that all RBs in the model are tested.
The appendix captures the pattern as a text proposal.
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Appendix
Appendix A. Boosting
Example to incorporate boosting pattern

[bookmark: _Toc510689716][bookmark: _Toc523247719]4.9.2.2.2	NR test model 1.2 (NR-TM1.2)
This model shall be used for tests on:
-	Unwanted emissions
-	ACLR
-	Operating band unwanted emissions
Table 4.9.2.2.2-1: Physical channel parameters of NR-TM 1.2 for x kHz SCS with y MHz bandwidth
	Parameter
	SCS: x kHz, BW: y MHz  


	PDCCH
	

	# of symbols used for control channel
	[1, 2]

	# of CCEs allocated to PDCCH 
	1

	# of available REGs
	6

	Aggregation level(s)
	1

	# of RBs not allocated by PDCCH in the first symbol
	NRB – 6 

	DM-RS configuration and density
	Comb structure with same frequency density of ¼ (i.e., every 4th subcarrier) on all REGs

	                                PDSCH

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

	# of QPSK PDSCH PRBs which are boosted 
	
 [, i.e., every xth PRB] 
M = 2, N = 5

	Level of boosting [dB] 
	B = 3[y]

	Location of boosted RB
	


	# of QPSK PDSCH PRBs which are deboosted
	 [   
  ]


	Level of deboosting [dB]
	  [
   ]



where NRB is considering the maximum transmission bandwidth configuration seen in table 5.3.2-2.

[bookmark: _Toc510689717][bookmark: _Toc523247720]4.9.2.2.3	NR test model 2 (NR-TM2)
This model shall be used for tests on:
-	Total power dynamic range (lower OFDM symbol power limit at min power),
-	EVM of single 64QAM PRB allocation (at min power)
-	Frequency error (at min power)
Table 4.9.2.2.3-1: Physical channel parameters of NR-TM 2 for x kHz SCS with y MHz bandwidth
	Parameter
	SCS: x kHz, BW: y MHz  


	PDCCH
	

	# of symbols used for control channel
	[1, 2]

	# of CCEs allocated to PDCCH 
	1

	# of available REGs
	6

	Aggregation level(s)
	1

	# of RBs not allocated by PDCCH in the first symbol
	NRB – 6 

	DM-RS configuration and density
	Comb structure with same frequency density of ¼ (i.e., every 4th subcarrier) on all REGs

	                                PDSCH

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

	# of 64QAM PDSCH PRBs which are boosted 
	1

	Level of boosting [dB] 
	0

	Location of boosted RB
	
Where 

	# of RBs which are not allocated
	 

	Level of deboosting [dB]
	-inf



where NRB is considering the maximum transmission bandwidth configuration seen in table 5.3.2-2.

[bookmark: _Toc510689721][bookmark: _Toc523247724]4.9.2.2.7	NR test model 3.2 (NR-TM3.2)
This model shall be used for tests on:
-	Transmitted signal quality
-	Frequency error
-	EVM for 16QAM modulation
[bookmark: _Toc510689722][bookmark: _Toc523247725]Table 4.9.2.2.7-1: Physical channel parameters of NR-TM 3.2 for x kHz SCS with y MHz bandwidth
	Parameter
	SCS: x kHz, BW: y MHz  


	PDCCH
	

	# of symbols used for control channel
	[1, 2]

	# of CCEs allocated to PDCCH 
	1

	# of available REGs
	6

	Aggregation level(s)
	1

	# of RBs not allocated by PDCCH in the first symbol
	NRB – 6 

	DM-RS configuration and density
	Comb structure with same frequency density of ¼ (i.e., every 4th subcarrier) on all REGs

	                                PDSCH

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

	# of 16-QAM PDSCH PRBs which are boosted and measured
	
M = 3, N = 5

	Level of boosting [dB] 
	-3

	Location of boosted RB
	


	# of QPSK PDSCH PRBs within a slot for which EVM is not measured (used for power balancing only)
	 

	Level of boosting [dB]
	



4.9.2.2.8	NR test model 3.3 (NR-TM3.3)
This model shall be used for tests on:
-	Transmitted signal quality
-	Frequency error
-	EVM for QPSK modulation
Table 4.9.2.2.8-1: Physical channel parameters of NR-TM 3.3 for x kHz SCS with y MHz bandwidth
	Parameter
	SCS: x kHz, BW: y MHz  


	PDCCH
	

	# of symbols used for control channel
	[1, 2]

	# of CCEs allocated to PDCCH 
	1

	# of available REGs
	6

	Aggregation level(s)
	1

	# of RBs not allocated by PDCCH in the first symbol
	NRB – 6 

	DM-RS configuration and density
	Comb structure with same frequency density of ¼ (i.e., every 4th subcarrier) on all REGs

	                                PDSCH

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

	# of QPSK PDSCH PRBs which are boosted 
	
M = 1, N = 2

	Level of boosting [dB] 
	-6

	Location of boosted RB
	


	# of 16QAM PDSCH PRBs within a slot for which EVM is not measured (used for power balancing only)
	 

	Level of boosting [dB]
	




