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Introduction
TM1.2, TM3.2, and TM3.3 use a boosting pattern that is based on resource block groups (RBGs). With the introduction of the filler bits in the frequency domain, the boosting pattern was shifted by 3 RBs. However, direct application of resource allocation type 0 for the boosting pattern may be difficult with the 3 RB shift but resource allocation type 1 may be used. After some discussions with Keysight, examination of the impact to the boosting pattern was performed if resource allocation type 0 were used directly for the boosting pattern. This contribution evaluates the type of changes needed to facilitate discussions.
Discussion
[bookmark: _Ref7464053]Background
The boosting pattern for several test models is provided using tables in 38.141-1 such as below.
Table 4.9.2.2.2-1: Specific physical channel parameters of NR-FR1-TM1.2
	Parameter
	Value

	Percent of QPSK PDSCH PRBs boosted (target)
	x=40%

	# of QPSK PDSCH RBGs which are boosted
	, where P is determined from table 5.1.2.2.1-1 from TS 38.214 [18], configuration 1 column using NRB-3 as the size of the bandwidth part

	Level of boosting (dB) 
	3

	Locations of PDSCH PRBs which are boosted
	Pk+3, Pk+4, …, P(k+1)+2 where
 and 

	# of QPSK PDSCH PRBs which are deboosted
	

	Level of deboosting (dB)
	

	Modulation of PDSCH PRBs with 
	QPSK



The procedure for mapping the boosting pattern (as stated in the table) is
· Group RBs into sets of P RBs
· Determine the number of RBGs available
· Determine the number of boosted RBGs among the set of RBGs
· Place a boosted set at the first RBG (RBG#0)
· Place a boosted set at the last complete RBG
· Place a boosted RBG at every other RBG location (2, 4, …) until all boosted RBGs are mapped
· The number of boosted RBGs is used to determine the deboosting level.
One of the benefits of using RBGs is to minimize the specification work / reduce maintenance efforts
Filler PDSCH
With the introduction of the filler PDSCH, the design of the boosting pattern was modified so that the boosting pattern begins after the filler PDSCH in the frequency domain. The modification was to shift the RB space by 3 RBs and to reduce the RB space by 3 RBs. In addition, since the RBGs no longer start at RB#0, a statement about the RBG concept could be used to identify the RBGs was effectively introduced.
Resource allocation type 1 was used to locate all the RBs in the test model. Type 1 allocation specifies a starting RB and a length. 
Actual RBG groups
Keysight is proposing to use RBG equations in TS 38.214 that include an offset and BWP size. Logically, the boosting pattern is contained within a BWP, but the BWP for the boosting pattern spans the RBs from the end of the filler PDSCH to NRB in the Keysight proposal.
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Figure 1. Comparison of the boosting pattern in RAN4#90bis and Keysight proposal.
The equations in TS 38.214 subclause 5.1.2.2.1 are

· the size of the first RBG is ,
· the size of last RBG is

· the size of all other RBGs is P.
Where (alternative to Table 5.1.2.2.1-1)

Using  and , the following mapping of RBGs is shown for P=2 and P=4 in Figure 2.
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[bookmark: _Ref7701348]Figure 2. RBG numbering for 21 RBs
For the P=2 mapping in Figure 2, there are  RBs. From the equations

· the size of the first RBG is ,
· the size of last RBG is 
For the P=4 mapping, there are  RBs (for illustrative purposes only. P=4 is used when the number of RBs is between 37 and 72). From the equations

· the size of the first RBG is ,
· the size of last RBG is 
Mapping
Use  and  where possible
Last RBG index
Among the  resource block groups, the first RBG does not have P RBs. The last RBG may not have P RBs. As a result, the number of RBGs with P RBs is either  or . The first RBG will always be skipped because it has P-3 RB, but using the last RBG is complicated.
· P=2, NRB=21. NRB=10 (see example). RBG#9 does not have P RBs.
· P=2, NRB=22. NRB=10. RBG#9 has P RBs.
· P=4, NRB=21. NRB=6 (see example). RBG#5 does not have P RBs. (also true for NRB=22, NRB=23)
· P=4, NRB=24. NRB=6 (see example). RBG#5 has P RBs.
The following formula, which is a modification of the formula above, gives the index of the last RBG with P RBs. The indexing is 0 based.

Number of possible boosted RBGs
The number of RBGs that can be boosted is determined by the load factor x and is . No change in value.
Maximum number of boosted RBGs
Assume there are Y RBGs with P RBs, where Y=RBGlast. If Y is even, then RBGs #1, 3, 5, …, Y-1, Y can hold boosted RBs for a total of Y/2+1 RBGs that can be boosted. If Y is odd, then RBGs #1, 3, 5, …,Y can hold boosted RBs for a total of (Y+1)/2 RBGs that can be boosted. Mathematically, the formula is . This is same as the current equation but Y is slightly different.
The first W-1 RBGs are located at indices 1, 3, 5, … An exception is needed when W equals 1.
Possible modification
This is just a possible change to the mapping formulas.
Table 4.9.2.2.2-1: Specific physical channel parameters of NR-FR1-TM1.2
	Parameter
	Valu

	Percent of QPSK PDSCH PRBs boosted (target)
	x=40%

	# of QPSK PDSCH RBGs which are boosted
	, where P is determined from table 5.1.2.2.1-1 from TS 38.214 [18], configuration 1 column using NRB-3 as the size of the bandwidth part and 

	Level of boosting (dB) 
	3

	Locations of PDSCH PRBs RBGs which are boosted
	Pk+3, Pk+4, …, P(k+1)+2 where
 and  and if , 1, 3,.

	# of QPSK PDSCH PRBs which are deboosted
	

	Level of deboosting (dB)
	

	Modulation of PDSCH PRBs with 
	QPSK



The statements for resource allocation 1 / 0 may be clarified. Example
· TM1.1, TM3.1: type 1 for nRNTI=0, nRNTI=2
· TM1.2, TM3.2, TM3.3: type 0 for nRNTI=0, type 0 for nRNTI=1, type 1 for nRNTI=2
· TM2: type 1 for nRNTI=2
Analysis
The formulas above were checked with Table 1 and the figures in the appendix. Initial analysis shows the results are consistent. Another factor is the boosting / deboosting amounts to ensure there are valid.
[bookmark: _Ref7784029]Table 1. Computation of values for boosting and RBGs as a function of bandwidth
	
	
	
	0 based
	40%
	3 dB
	60%
	-3 dB
	50%
	-6 dB

	NRB
	
	P
	
	
	Deboost
	
	Boost
	
	Boost

	11
	8
	2
	3
	1
	-1.75
	2
	1.76
	2
	2.43

	18
	15
	2
	7
	3
	-4.73
	4
	1.96
	3
	1.76

	24
	21
	2
	10
	4
	-4.12
	6
	2.21
	5
	2.25

	25
	22
	2
	10
	4
	-3.65
	6
	2.04
	5
	2.11

	31
	28
	2
	13
	5
	-3.50
	7
	1.76
	7
	2.43

	38
	35
	2
	17
	7
	-4.73
	9
	1.84
	8
	2.12

	51
	48
	4
	11
	4
	-2.99
	6
	1.76
	6
	2.43

	52
	49
	4
	12
	4
	-2.86
	7
	2.21
	6
	2.35

	65
	62
	4
	15
	6
	-4.30
	8
	1.85
	7
	2.09

	78
	75
	8
	8
	3
	-2.74
	5
	1.96
	4
	1.92

	79
	76
	8
	8
	3
	-2.67
	5
	1.92
	4
	1.89

	93
	90
	8
	10
	4
	-3.46
	6
	1.96
	5
	2.04

	106
	103
	8
	12
	5
	-4.34
	7
	2.03
	6
	2.18

	107
	104
	8
	12
	5
	-4.23
	7
	1.99
	6
	2.15

	121
	118
	8
	14
	5
	-3.10
	8
	2.02
	7
	2.24

	132
	129
	8
	15
	6
	-3.87
	8
	1.74
	8
	2.40

	133
	130
	8
	15
	6
	-3.79
	8
	1.71
	8
	2.37

	135
	132
	8
	15
	6
	-3.65
	8
	1.67
	8
	2.32

	160
	157
	16
	9
	3
	-2.50
	5
	1.81
	4
	1.81

	162
	159
	16
	9
	3
	-2.44
	5
	1.78
	4
	1.77

	189
	186
	16
	10
	4
	-3.21
	6
	1.85
	5
	1.95

	216
	213
	16
	12
	5
	-3.96
	7
	1.91
	6
	2.08

	217
	214
	16
	12
	5
	-3.92
	7
	1.90
	6
	2.07

	245
	242
	16
	14
	6
	-4.61
	8
	1.93
	7
	2.16

	264
	261
	16
	15
	6
	-3.76
	8
	1.70
	8
	2.36

	270
	267
	16
	15
	6
	-3.55
	8
	1.64
	8
	2.28

	273
	270
	16
	16
	6
	-3.46
	9
	1.96
	8
	2.24



Conclusion
The contribution examines using resource allocation type 0 for the RBG mapping as proposed by Keysight. The contribution shows that boosting patterns are achievable for all RB sizes and provides possible formulas.
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Appendix
RBG mapping for all RB sizes.
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Boosted locations for 31 RBs
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Boosted locations for 38 RBs
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Boosted locations for 51 RBs

a8

44

™32 ™33 M2




image8.jpeg
Boosted locations for 52 RBs
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Boosted locations for 78 RBs
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Boosted locations for 79 RBs
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Boosted locations for 132 RBs
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Boosted locations for 160 RBs
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Boosted locations for 162 RBs
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Boosted locations for 270 RBs
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Boosted locations for 273 RBs
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Boosted locations for 11 RBs
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Boosted locations for 18 RBs
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Boosted locations for 24 RBs
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Boosted locations for 25 RBs
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